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PREFACE    TO    THE    SECOND   EDITION. 


The  gratifying  reception  given  to  the  Text-book  of  Anatomy,  not  only  in  this 
country  but  also  in  America,  has  rendered  it  necessary  to  prepare  a  new  edition. 
In  carrying  out  this  work  the  whole  book  has  been  carefully  revised,  and  a  large 
number  of  new  illustrations  have  been  added. 

The  sections  in  which  the  chief  changes  and  additions  have  been  made  are 
those  upon  Embryology,  the  Joints,  the  Muscles,  the  Brain  and  Spinal  Cord,  the 
Genito- Urinary  Organs,  the  Lymphatics,  and  Applied  Anatomy.  By  pruning 
down  in  various  directions,  it  has  been  found  possible  to  incorporate  a  considerable 
amount  of  new  matter  in  these  and  other  sections  without  materially  increasing 
the  bulk  of  the  book. 

The  lamented  death  of  Professor  Birmingham  was  felt  by  all  the  contributors 
to  be  not  only  a  personal  loss,  but  one  which  materially  afifected  an  important 
section  of  the  book.  Although  in  very  bad  health,  Professor  Birmingham  was 
desirous  to  undertake  his  share  of  the  work,  and  he  had  the  sheets  on  the 
Digestive  System  in  his  possession  for  this  purpose  when  he  died.  There  was 
probably  no  part  of  the  book  which  required  less  revision  than  his,  and  the 
Editor  has  taken  upon  himself  the  duty  of  making  the  alterations  which  seemed 
essential  In  doing  this  he  has  been  careful  to  avoid  unnecessary  changes  and  to 
preserve  throughout  the  original  character  of  the  article. 

In  the  section  upon  the  Muscular  System,  a  series  of  illustrations  has  been 
added  in  which  the  areas  of  muscle  attachment  are  delineated  upon  the  bones.  For 
the  preparation  of  the  specimens,  and  for  assistance  in  the  mapping  out  of  these 
areas,  the  Editor  is  indebted  to  Dr.  E.  B.  Jamieson.  Those  who  have  attempted 
work  of  this  kind  will  appreciate  the  amount  of  labour  and  judgment  entailed,  as 
it  is  only  by  taking  the  average  condition  in  many  specimens,  and  by  the  close 
study  of  the  bones  selected  for  the  delineations,  that  a  sufficiently  accurate 
result  can  be  attained. 

With  the  exception  of  the  figures  which  have  been  added  to  the  sections  of 
the  book  dealing  with  Embryology,  Osteology,  and  the  Genito-Urinary  Organs, 
the  many  new  illustrations  which  appear  in  this  edition  have  been  prepared  in 
the  Anatomical  Department  of  the  University  of  Edinburgh.  In  carrying  out  this 
work,  the  Editor  has  again  had  the  good  fortune  to  secure  the  co-operation  of  Mr. 
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J.  T.  Murray,  an  artist  whose  ability  in  the  rendering  of  anatomical  subjects  u 
recognised  on  all  hands.  Wherever  it  was  felt  that  colour  would  increase  th< 
artistic  efiFect  or  the  general  usefulness  of  an  illustration,  it  has  been  freel] 
employed,  both  in  the  case  of  the  old  and  of  the  new  figures. 

The  Editor  cannot  conclude  this  preface  to  the  second  edition  of  the  Text-bool 
without  expressing  his  grateful  acknowledgment  of  the  assistance  which  has  beei 
so  freely  extended  to  him  by  his  fellow-contributors  at  every  stage  of  the  work 
He  has  also  to  thank  many  readers  of  the  first  edition  for  calling  his  attention  U 
typographical  errors  and  other  imperfections  which  had  escaped  his  notice  ii 
passing  the  sheets  through  the  press. 


18  Grosyenor  Crescent,  Edinburgh, 
August  1905. 


PREFACE  TO  THE  FIRST  EDITION. 


The  form  which  this  book  has  taken  expresses  the  desire  of  those  who  have 
contributed  the  various  sections  to  produce  something  which  they  might  dedicate 
to  their  former  teacher  and  master,  Sir  William  Turner.  With  one  exception, 
all  the  contributors  have  studied  under  Sir  William  Turner,  and  all  but  two 
liave  for  longer  or  shorter  periods  acted  as  his  Assistants.  Bound  together  by  this 
oimnion  tie,  and  animated  by  affection  and  reverence  for  their  great  master,  they 
have  sought  to  produce  a  book  worthy  of  him  whose  teaching  it  so  largely  reflects, 
and  if  this  object  has  not  been  attained  it  is  not  for  want  of  will,  but  of  power,  on 
the  part  of  the  writers. 

In  the  preparation  of  a  work  such  as  this  it  is  no  easy  matter  to  prevent  over- 
lapping of  the  different  articles  and  to  keep  the  various  sections  in  harmony  with 
each  other.     Yet  in  this  direction  it  is  believed  that  a  fair  amount  of  success  has 
l>eeD  attained.     Differences  of  opinion  on  particular  points  were  bound  to  arise, 
Imt  the  Editor  found  in  those  concerned  the  greatest  readiness  to  come  to  a  mutual 
understanding,  and  he  is  deeply  grateful  to  his  colleagues  for  the  manner  in  wliich 
they  endeavoured  to  lighten  his  work  and  assist  him  in  his  task.     Of  course  wlien 
totally  different  views  were  held  by  two  authors  on  a  matter  which  had  to  be  dealt 
with  in  two  sections,  no  serious  attempt  was  made  to  urge  these  writers  to  qualify 
their  statements  so  as  to  produce  an  apparent  agreement.      It  was  felt  that  if  this 
were  done  the  individuality  of  the  author,  which  forms  a  charactefistic  feature  of 
each  article  as  it  stands,  would  thereby  be  damaged ;  and  further,  it  was  believed 
that  the  s<'ime  question  discussed  from  two  different  points  of   view  could  not  fail 
10  i>e  of  advantage  to  the  reader.      At  the  same  time  it  is  right  to  state  that  the 
places  in  which  a  divergence   of  opinion   appears  are  very  few,  and   taking  into 
account  that  nine  writers  have  co-operated  with  the  Editor,  a  remarkable  degree 
of  harmony  in  the  treatment  of  the  difHerent  sections  has  been  obtained. 

The  recent  introduction  of  Formalin  as  a  hardening  and  preserving  reagent 
impjsed  an  especially  arduous  duty  upon  those  writers  who  had  undertaken  the 
chapters  dealing  with  the  thoracic  and  abdominal  viscera.  The  possibilities  for 
♦establishing  a  more  accurate  topography  and  of  improving  our  conception  of  the 
f'»rnis  assumed  by  the  viscera  under  different  conditions  have  by  this  means  been 
•jreatly  extende<l ;  and  in  preparing  the  sections  which  treat  of  these  organs  the 
writers  have  taken  full  advantage  of  the  new  method.  Much,  therefore,  which 
appears  in  this  book  on  the  topographical  relations  of  the  viscera  departs  con- 
siderably from  the  older  and  more  conventional  descripti(nis  hitherto  in  vogue. 

Tlie  arrangement  of  the   matter  treated   in  the  following  pages  is  very  much 
the  same  as  that  adopted  in  the  various  courses  of  lectures  delivered  in  the  schools 
from  which  the  different  sections  of  the  work  have  emanated.     The  first  chapter  is 
a  2  ix 
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devoted  to  the  general  principles  and  elementary  facts  of  Embryology.  Thei 
follow,  in  an  order  best  suited  for  the  student,  the  chapters  dealing  with  th« 
various  systems  of  organs ;  whilst  the  last  seventy-five  pages  are  used  for  thi 
purpose  of  applying  the  information  conveyed  in  the  preceding  part  of  the  bool- 
to  the  practice  of  medicine  and  surgery.  Each  cliapter  is  more  or  less  complet* 
in  itself,  although  an  effort  has  been  made  to  weld  them  all  into  one  consistent 
whole. 

The  numerous  illustrations  which  appear  in  the  text  are  all  new  in  the  sense 
that  in  no  case  has  an  old  drawing  or  an  old  block  been  used.  Further,  the  vast 
majority  of  the  illustrations  are  new  in  the  sense  that  they  are  original.  The 
very  few  that  are  not  have  been  taken  from  monographs  dealing  with  the  subject* 
so  illustrated,  and  in  every  case  the  source  from  which  these  have  been  obtainec 
is  acknowledged  in  the  text.  The  drawings  for  each  section  were  prepared  nude] 
the  personal  supervision  of  its  author,  and,  with  the  exception  of  the  figures  ii 
two  chapters,  they  are  the  work  of  Mr.  J.  T.  Murray.  This  talented  artist  ha; 
devoted  much  time  to  the  undertaking,  and  the  reader  can  judge  for  himself  th< 
success  which  has  attended  his  efforts.  The  Editor  cannot  suflBciently  express  his 
indebtedness  to  Mr.  Murray  for  the  great  technical  skill  and  the  patience  which  Ik 
brought  to  bear  upon  this  extremely  trying  and  difficult  work.  The  chapter  or 
Osteology  has  been  illustrated  by  Mr.  W.  C.  Stevens  ;  that  upon  Embryology  b) 
the  authors  themselves ;  whilst  the  microscopical  drawings  in  the  section  on  the 
Brain  and  Cord  were  executed  by  Mr.  Wm.  Cathie.  It  is  also  necessary  to  mention 
that  the  coloured  outlines  representing  the  attachments  of  the  muscles  on  the 
figures  of  the  bones  were  mapped  in  by  Professor  A.  M.  Paterson. 

•  The  Editor  has  to  tliank  his  former  Assistant,  Professor  A.  F.  Dixon  of  Cardiff, 
for  mucli  help  in  the  correction  of  the  proofs. 


Trinity  Collroe,  Dublin, 
JuTU  1902. 
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INTRODUCTION. 

Anatomy  is  a  comprehensive  term,  which  includes  several  closely  related  branches 
of  study.     IMmarily  it  is  employed  to  indicate  the  study  of  the  several  parts 
>^hich  build  up  the  body,  and  the  relationship  which  these  present  to  each  other. 
r»ut  during  tlie  period  of  its  existence  the  individual  exhibits  many  structural 
changes:   itii  structure  is  not  the  same  at  all  stages  of  its  life.     The  ovum  or 
s»Urting-p<jint  of  every  individual  is  very  different  from  the  finished  organism  as 
represented  by  the  adult,  and  the  series  of  changes  through  which  the  organism 
\«s8e8  until  its  structure  is  perfected  and  full  growth  is  attained  constitute  the 
study  of  development.     The  general  term  "  development "  includes  not  only  the 
various  and  striking  structural  changes  which  occur  during  the  intrauterine  life  of 
the  individual,  to  the  study  of  which  the  term  embryology  is  more  specially  applied, 
but  also  many  growth  processes  which  occur  after  birth,  such  as  the  later  stages  in 
the  ossification  and  growth  of  the  bones,  the  eruption  of  the  two  series  of  teeth,  the 
adjustment  of  the  vascular  system  to  its  new  requirements,  etc.     The  actual  obser- 
vation of  the  processes  by  which  the  parts  of  the  body  are  gradually  formed,  and  of 
the  structural  arrangements  by  means  of  which  a  temporary  connexion  is  estab- 
lished  l)etween    the   ovum   and   the   mother,   through  which    an  interchange  of 
nutritive  and  other  matters  between  the  two  takes  j^laee,  renders  embryology  one 
of  the  most  interesting  of  all  the  departments  of  anatomy.     The  term  ontogeny  is 
Also  usrd  to  denote  the  development  of  the  individual.     There  is,  however,  another 
furra  of  development,  slower,  but  just  as  certain  in  its  processes,  which  affects  not 
only  the  individual,  but  every  member  of  the  animal  group  collectively  to  which  it 
^•elongs.     The  theory  oi  descent  or  evolution  leads  us  to  believe  that  between  man 
of  the  present  day  and  his  remote  ancestors  there  is  a  wide  structural  gap,  which, 
if  the  geological  record  were  perfect,  would  be  seen  to  be  completely  occu])ied  by 
l-ng-lost  intennediate  forms.     In  the   process  of  evolution,  therefore,  structural 
changes  have  gradually  taken  place  which  have  modified  the  entire  race.     A  more 
'T  lt*ss  close  or  remote  blood-relationship  links  together  all  the  members  of  the 
animal  kingdom.     These  evolutionary  phases  constitute  the  ancestral  history  or 
phylogeny   of   the   individual.     Ontogeny   and   phylogeny   are   intertwined   in   a 
remarkable  manner,  and  present  certain  extraordinary  relationships.      In  other 
words,  the  ancestral  evolutionary  development  appears  to  be  so  stam})ed  upon  an 
individual   that  it  repeats  certain  of  the  phylogenotic  stages  with  more  or  less 
clearness  during  the  process  of  its  own  individual  development.     Thus  at  an  early 
period  in  the  embryology  of  man  we  recognise  evanescent  gill-shts  comparal»le  with 
those  of  a  fish,  whilst  a  study  of  the  development  of  his  heart  shows  that  it  i)a8ses 
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through  transitory  structural  conditions  in  many  respects  similar  to  the  permanent 
condition  of  the  heart  in  certain  of  the  lower  animals.  It  is  in  connexion  with 
this  that  the  phrase  has  arisen  that  every  animal  in  its  individual  development  or 
ontogeny  climbs  up  its  own  genealogical  tree — a  saying  which,  taking  it  even  in 
the  broadest  sense,  is  only  partially  true. 

The  higher  conceptions  of  anatomy,  which  are  obtained  by  taking  a  general 
survey  of  the  structural  aspects  of  the  entire  animal  kingdom,  constitute  morphology. 
The  morphologist  investigates  the  laws  of  form  and  structure,  and  in  his  generalisa- 
tions he  gives  attention  to  detail  only  in  so  far  as  this  is  necessary  for  the  proper 
establishment  of  his  views.  The  knowledge  of  anatomy  which  is  requireii  by  the 
student  of  medicine  is  different.  It  is  essentially  one  of  detail,  and  often  details 
important  from  the  practical  and  utilitarian  points  of  view  have  little  or  no 
morphological  value.  This  want  of  l)alance  in  the  interest  attached  to  anatomical 
facts,  according  to  the  aspect  from  which  they  are  examined,  so  far  from  being 
unfortunate,  affords  the  teacher  the  means  of  making  the  study  of  anatomy  at  once 
fascinating  and  attractive.  Almost  every  fact  which  is  brought  under  the  notice 
of  the  student  can  be  accompanied  by  a  morphological  or  a  practical  application. 
This  it  is  that  lightens  a  study  which,  presented  to  the  student  of  medicine  in  any 
other  way,  would  be  at  once  dry  and  tedious. 

•  Certain  terms  employed  in  morphology  requii-e  early  and  definite  explanation. 
These  are  homology,  serial  homology,  and  homoplasy.  The  same  organ  repeated  in 
two  different  animals  is  said  to  present  a  case  of  homology.  But  this  morphological 
identity  between  these  two  organs  must  be  proved  beyond  dispute  before  the 
homology  between  them  can  be  allowed.  In  deciding  this  identity  the  great  and 
essential  test  is  that  the  two  organs  in  question  should  have  a  similar  develop- 
mental origin.  Thus  the  fore-limb  of  a  quadruped  is  homologous  with  the  upper 
limb  of  man ;  the  puny  collar-bone  of  a  tiger,  the  fibrous  thread  which  is  the  only 
representative  of  this  lx)ne  in  the  horse,  and  the  strongly  marked  clavicle  of  the 
apt^  or  man,  are  all,  strictly  speaking,  homologous  with  each  other.  Homologous 
organs  in  different  animals  usually  present  a  similar  position  and  a  similar 
structure,  but  not  invariably  so.  It  is  not  uncommon  for  a  muscle  to  wander 
somewhat  from  its  original  position,  and  many  cases  could  be  quoted  in  which 
parts  have  become  completely  transformed  in  structure,  either  from  disuse  or  for 
the  puri)ose  of  meeting  some  special  demand  in  the  animal  economy.  In  the  study 
of  the  muscles  and  ligaments  instances  of  this  will  be  brought  under  the  notice  of 
the  reader.  Identity  or  correspondence  in  the  function  performed  by  two  organs 
in  two  diflbrent  animals  is  not  taken  into  consideration  in  deciding  questions  of 
homology.  The  gills  of  a  fish  and  the  lungs  of  a  higher  v(;rte]»rate  jx^rform  very 
much  the  same  physiological  office,  and  yet  they  are  not  homologous.  The  term 
analogy  is  often  used  to  express  functional  correspondence  of  this  kind.  Often 
organs  which  perform  totally  different  functions  are  yet  jicrfectly  homologous. 
Thus  tht»  wing  of  a  bat  or  the  wing  of  a  bird,  ])(>th  of  which  are  subservient  to 
flight,  arc  homologous  with  the  upjKM'  limb  of  man,  the  office  of  whicli  is  the 
different  one  of  i)rehension. 

In  the  construction  of  vertel)ratt^s  and  certain  other  animal  groujKs  a  series  of 
similar  i)arts  are  repeated  along  a  longitudinal  axis,  one  aft(^r  the  other.  Thus  the 
series  of  vertebra*  which  l)uild  up  the  backbone,  the  series  of  ri!)s  which  gird  round 
either  side  of  the  chest,  the  series  of  intercostal  nuischis  wliich  fill  u])  tlie  intervals 
l)etween  the  ribs,  the  series  of  nerves  which  arise  from  the  brain  and  spinal  cord, 
are  all  examples  of  this.  An  animal  exhibiting  such  a  condition  of  parts  is  said  to 
present  the  segmental  type  of  organisation,  and  in  the  early  stages  of  development 
this  segmentation  is  much  more  strongly  marked,  and  is  to  be  seen  in  parts  which 
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sul)9e(iuently  lose  all  trace  of  such  a  subdivision.  The  parts  thus  repeated  are  said 
(0  be  aerially  homologous.  But  there  are  other  instances  of  serial  homology  besides 
thiee  which  are  manifestly  produced  by  segmentation.  The  upper  limb  is  serially 
homologous  with  the  lower  limb:  each  is  composed  of  parts  which,  to  a  large 
extont,  are  repeated  in  the  other,  and  the  correct  adjustment  of  this  comparison 
between  the  several  parts  of  the  upper  and  lower  limbs  constitutes  one  of  the  most 
difficult  and  yet  interesting  problems  of  mor])hology. 

Homoplasy  is  a  term  which  has  been  introduced  to  express  a  form  uf  corre- 
sjiondenee  between  organs  in  different  animals  which  cannot  be  included  under 
tlie  term  homology.  Two  animal  groups,  which  originally  have  sprung  from  the 
same  stem-form,  may  independently  develop  a  similar  structural  character  which  is 
altogether  absent  in  the  ancestor  common  to  both.  Thus  the  common  ancestor  of 
man  and  the  carnivora  in  all  probability  possessed  a  smootli  brain,  and  yet  the 
human  brain  and  the  carnivore  brain  are  both  richly  convoluted.  Not  only  this, 
kt  certain  anatomists  seek  to  reconcile  the  convolutionary  pattern  of  the  one  with 
the  convolutionary  pattern  of  the  other.  What  correspondence  there  is  does  not, 
ia  every  instance,  constitute  a  case  of  homology,  because  there  is  not  in  every  case 
ii  community  of  origin.  Correspondence  of  this  kind  is  included  under  tlie  term 
■'  homuplasy."  Another  example  is  afforded  by  the  heart  of  the  mammal  and  that 
of  the  bird.  In  !x)th  of  these  groups  the  ventricular  portion  of  the  heart  consists 
•»f  a  right  and  a  left  chamber,  and  yet  the  ventricular  septum  in  the  one  is  not 
homologous  with  the  corresponding  septum  in  the  other,  because  the  common 
ancestor  from  which  both  have  sprung  possessed  a  heart  with  a  single  ventricular 
cavity,  and  the  double-chambered  condition  has  been  a  subsequent  and  independent 
•levtflopnient  in  the  tw^o  groups. 

Systematic  Anatomy. — The  human  body  is  composed  of  a  combination  of 
several  systems  of  organs,  and  the  several  parts  of  each  system  not  only  present  a 
certain  similarity  in  structure,  but  also  fulfil  special  functions.     Thus  we  have — 

1.  The  skeletal  system,  composed  of  the  bones  and  certain  cartilaginous  and 
:iiembrani»us  parts  associated  with  them,  the  study  of  which  is  known  as  osteology. 

2.  The  articulatory  system,  which  includes  the  joints  or  articulations,  the  study 
•f  which  is  termed  arthrology. 

3.  The  muscular  system,  comprising  the  muscles,  tlie  study  of  which  constitutes 
myology. 

4.  The  nervous  system,  in  which  are  included  the  l)rain,  the  spinal  cord,  tlie 
spinal  and  cranial  ganglia,  the  sympathetic  ganglia,  and  the  various  nerves 
vrocet»<ling  from  and  entering  these.  The  study  of  these  parts  is  expressed  by  the 
r»frm  neurology.     In  this  system  the  organs  of  sense  may  also  be  included. 

5.  Tiie  vascular  and  lyiuphatic  system,  including  the  heart,  blood-vessels,  the 
lympliatic  vessels,  and  tlie  lymphatic  glands.  Angeiology  is  the  term  applied  to  t  he 
>tudy  uf  this  system. 

6.  The  respiratory  system,  in  which  we  place  the  lungs,  windpipe,  and  larynx. 

7.  Tlie  digestive  system,  which  consists  of  the  alimentary  canal  and  its  associated 
jlands,  and  j)arts  such  as  the  tongue,  teeth,  liver,  pancreas,  etc. 

S.  The  umgeuital  system,  composed  of  the  urinary  organs  and  tlie  reproductive 
•rgjms — the  latter  differing  in  the  two  sexes. 

The  term  splanchnology  denotes  the  study  of  the  organs  included  in  the 
r»*si»iratory,  digestive,  and  geni to-urinary  systtjnis. 

!♦.  The  integumentary  system,  consisting  of  the  skin,  nails,  liair,  etc. 

These  numerous  organs  which  form  the  various  systems  are  tlieniselves  l>uilt  up 
•if  tissues,  the  ultimate  elements  of  which  can  only  l)e  studied  by  the  aid  of  tlie 
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microscope.  The  study  of  these  elements  and  the  manner  in  which  they 
grouped  together  to  form  the  various  tissues  of  the  body  forms  an  important  bn 
of  anatomy,  which  is  termed  histology. 

The  structure  of  the  human  body  may  be  studied  in  two  different  ways, 
several  parts  may  be  considered  with  reference  to  their  relative  positions,  eithe 
they  are  met  with  in  the  course  of  an  ordinary  dissection,  or  as  they  are  see: 
the  surface  of  a  section  through  the  body.  This  is  the  topographical  method, 
the  other  hand,  the  several  systems  of  organs  may  be  treated  separately  an* 
sequence.  This  constitutes  the  systematic  method,  and  it  is  the  plan  whic 
adhered  to  in  this  treatise. 

Descriptive  Terms. — ^Anatomy  is  a  descriptive  science  founded  on  observai 
and  in  order  that  precision  and  accuracy  may  be  attained  it  is  absolutely  ueces 
that  we  should  be  provided  with  a  series  of  well-defined  descriptive  terms.  It  r 
be  clearly  understood  that  all  descriptions  are  framed  on  the  supposition  that 
body  is  in  the  erect  position,  with  the  arms  by  the  side,  and  the  hands  held  so 
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the  palms  look  forwards  and  the  thumbs  outwards.  An  imaginary  i)lan 
section,  passing  longitudinally  through  the  body  so  as  to  divide  it  accurately  in 
right  and  left  half,  is  called  the  mesial  plane,  Fig.  1  (M.P.).  When  the  right 
left  halves  of  the  body  are  studied  it  will  be  found  that  both  are  to  a  large  ex 
formed  of  similar  parts.  The  right  and  left  limbs  are  alike ;  the  right  and 
halves  of  the  brain  are  the  same ;  there  are  a  right  and  left  kidney  and  a  r 
and  left  lung,  and  so  on.  So  far  the  organs  are  said  to  be  symmetrically  arran 
But  still  a  large  amount  of  asymmetry  may  l)e  observed.  Thus  the  chief  bul 
the  liver  lies  to  the  right  side  of  the  mesial  plane,  and  the  spleen  is  an  oi 
which  belongs  wholly  to  the  left  half  of  the  body.  Indeed,  it  is  well  to  state 
perfect  symmetry  never  does  exist.  There  alw^ays  will  be,  and  always  must  1 
certain  want  of  balance  between  symmetrically  placed  parts  of  the  body.  T 
the  right  upi)er  limb  is,  as  a  rule,  constructed  upon  a  heavier  and  more  mat 
plan  than  the  left,  and  even  in  those  organs  where  the  symmetry  api;>ears  i 
perfect,  as  for  instance  the  brain  and  spinal  cord,  it  only  requires  a  closer  stud 
reveal  many  points  of  difference  between  the  right  and  left  halves.  The 
on  the  front  of  the  body  along  which  the  mesial  plane  reaches  the  surfac 
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termed  the  anterior  median  line  ;  whilst  the  correspondiug  line  behind  is  called  the 
posterior  median  line. 

It  is  convenient  to  employ  other  terms  to  indicate  other  imaginary  planes  of 
section  through  the  body.  The  term  sagittal  is,  therefore,  used  to  denote  any  plane 
which  cuts  through  the  body  along  a  path  which  is  parallel  to  the  mesial  plane 
(S  S') ;  and  the  term  coronal  or  frontal  is  given  to  any  vertical  plane  which  passes 
through  the  body  in  a  path  which  cuts  the  mesial  plane  at  right  angles  (C  C). 
The  term  horizontal  as  applied  to  a  plane  of  section  requires  no  explanation. 

Any  structure  which  lies  nearer  to  the  mesial  plane  than  another  is  said  to  be 
intaiud  or  mesial  to  it ;  and  any  structure  placed  further  from  the  mesial  plane 
than  another  is  said  to  lie  external  or  lateral  to  it.  Thus  in  Fig.  1,  A  is  external 
toB;  whilst  B  Ls  internal  to  A. 

The  terms  anterior  and  ventral  are  synonymous,  and  are  used  to  indicate  a 
stnicture  (D)  which  lies  nearer  to  the  front  or  ventral  surface  of  the  body  than 
another  structure  (E)  which  is  placed  nearer  to  the  back  or  dorsal  surface  of  the 
body,  and  which  is  thus  said  to  be  posterior  or  dorsal.  In  some  respects  it  would 
be  well  to  discard  the  terms  "  anterior  *'  and  "  posterior  "  in  favour  of  "  ventral " 
and  "dorsal,"  seeing  that  the  former  are  only  applicable  to  man  in  the  erect 
attitude,  and  cannot  be  applied  to  an  animal  in  the  prone  or  quadrupedal  position. 
They  have,  however,  become  so  deeply  ingrained  into  the  descriptive  language  of 
the  human  anatomist  that  it  would  hardly  be  advisable  at  the  present  moment  to 
ailopt  this  course.  A  similar  objection  may  be  raised  to  the  terms  superior  and 
inferior,  which  are  employed  to  indicate  the  relative  levels  at  which  two  structures 
lie  with  reference  to  the  upper  and  lower  ends  of  the  body.  The  equivalent  terms 
*fi  cephalic  and  preazial  are,  therefore,  frequently  used  in  place  of  "  superior,"  and 
caodal  and  postazial  in  place  of ''  inferior." 

The  terms  proximal  and  distal  should  only  be  applied  in  the  description  of  the 
limbs.  They  denote  relative  nearness  to  or  distance  from  the  trunk.  Thus  the 
hand  is  distal  to  the  fore-arm,  whilst  the  upper  arm  or  brachium  is  proximal  to  the 
fore-arm. 
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By  Alfred  H.  Young  and  Arthur  Robinson. 

Although  the  tissues  and  organs  of  the  body  when  fully  fonned  differ  greatly 
not  only  in  respect  of  their  functional  characteristics,  but  also  with  regard  to  their 
structural  features,  they  are  developed  from  cell  elements  so  similar  in  appear- 
ance at  first  that  they  cannot  be  distinguished  from  one  another.     They  are  all 
the  offspring  of  parent  cells — the  female  cell   or  ovum,  and   the   male   cell   or 
ipermatozoon.     Developmental  processes  apparently  take  place  in  the  female  cell 
aione,  but  they  cannot  occur  unless  the  essential  elements  of  a  sperm  or  male  cell 
previously  unite  with  it. 

Like  all  animal  cells,  the  ovum  is  a  mass  of  protoplasm  {cytoplasm)  containing 
a  nucleus.  In  many  cells  the  cytoplasm  or  cell  body  is  itself  enclosed  by  an  ex- 
ternal investing  membrane,  the  cell  wall,  and  such  a  membrane  is  present  in  the 
ovuDL  S^ieaking  generally,  animal  cells  are  minute  structures,  those  of  the 
human  Wly  rarely  attaining  a  diameter  of  more  than  about  '083  mm.,  but  they 
vary  8«jmewhat  in  size,  they  assume  different  forms,  and  they  acquire  characteristic 
peculiarities  associated  with  their  positions  and  functions ;  thus,  whilst  the  majority 
of  the  constituent  cells  of  an  individual  form  the  various  tissues  and  organs  of  the 
Wj,  others  are  reproductive  or  germinal  cells. 

Ova  are  simply  specialised  cells  modified  and  adapted  for  the  purpose  of  repro- 
•iuction  and  the  continuance  of  the  8i>ecies.  They  are  enclosed,  and  partially  or 
entirely  matured,  in  the  ovaries,  or  female  generative  glands,  in  the  cell-lined 
sjaces  known  as  Graafian  follicles. 

When  an  ovum  has  reached  a  certain  stage  of  development  it  is  discharged  from 
the  ovary,  and  passing  along  the  oviduct  or  Fallopian  tube  it  eventually  reaches 
ihe  cavity  of  the  uterus.  Though  mature  and  capa))le  of  being  fertilised  it  may 
n«)t  be  iuipn^gnated,  in  which  case  it  does  not  remain  in  the  uterus,  but  is  cast  out 
fnun  that  organ.  If,  however,  it  becomes  fertilised,  by  union  with  the  male 
;'emunal  element,  it  is  retained  in  the  uterus,  and  develops  into  an  embryo  which 
p</s.sesses  all  the  characteristic  features  of  the  species  to  which  it  belongs  and  most 
of  the  special  ] peculiarities  of  its  parents. 

When  the  embryo,  or  the  fcetus  as  it  is  termed  after  it  has  assumed  definite 
f'irm,  is  capable  of  independent  existence,  its  intrauterine  life  terminates,  and 
it  is  separated  from  the  rest  of  the  ovum  and  is  born.  The  develo])nient  of  the 
individual,  however,  is  not  complete,  nor  does  it  become  complete  until  the  new 
Ijeinj:  reaches  the  adult  condition. 

The  term  embryology  is  sometimes  used  to  include  the  consideration  of  all  the 
developmental  changes  and  processes  which  take  phice  in  the  ovum  from  tiio  begin- 
ning up  to  the  final  adult  stage.  It  is  more  c(mveni(^nt,  however,  to  restrict  its 
application  to  the  study  of  those  changes  which  take  place  during  the  dev(^lopmont 
and  growth  of  the  organism  before  the  fcetus  is  separated  from  the  rest  of  the 
ovum,  or,  in  other  words,  during  its  intrauterine  existence. 

Briefly  epitomised,  the  sequence  of  changers  is  as  follows : — Impregnation  of  the 
mature  ovum  is  followed  by  segmentation  or  cleavage.  By  a  series  of  successive 
divisions  the  egg-cell  is  divided  into  two,  four,  eight,  and  ultimately  into  a  large 
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nuiiibur  of  cells,  and  so  is  transformed  into  a  multicellular  mass,  the  morula.  The 
majority  of  the  "  segmentation  masses"  or  cells,  or  blastomeres,  as  they  are  termed, 
are  dillercntiated  into  tissue  elements,  but  a  certain  number  retain  the  characters 
of  the  original  germ -cells  and  become  ova  or  siierm-cells,  wliich  form  the  ''points 
of  departure*'  of  succeeding  generations.  Every  germ-cell  is  derived,  therefore, 
"by  a  continuous  and  unbroken  series  of  cell-divisions"  which  have  extended 
through  the  past  from  the  most  primitive  ancestor,  and  it  forms  a  point  from 
which,  under  ordinary  circumstances,  all  future  generations  will  commence.  It  is 
in  this  st'iise  that  the  changes  through  which  a  living  l^eing  passes  in  the  course 
of  its  life  **  may,  in  their  completest  form,  Ihj  considered  as  constituting  a  morpho- 
logic4il  cycle,  luiginning  with  tlie  ovum  and  ending  with  the  ovum  again." 

To  follow  these  changes  it  is  necessary  that  the  characters  and  capabilities  of 
the  constructive  elements  should  be  clearly  understood.  The  animal  cell,  which 
plays  an  all-important  part  in  the  life-histor}'  of  the  individual,  and  the  modified 
germ-cells  must  be  carefully  studied,  and  as  far  as  possible  the  exact  nature  of 
their  constituent  parts  ascertained. 

The  phenomena  of  impregnation  and  segmentation,  and  the  subsequent  develop- 
mental processes  and  morphological  changes  which  result  in  the  formation  of  the 
embryo,  and,  finally,  the  arrangements  for  the  nutrition  and  protection  of  the  ovum 
during  its  intrauterine  existence,  will  then  Ikj  considered. 
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Cells  are  the  structural  units  of  the  iKxly.  Each  cell  has  an  individual  life- 
history  within  the  tissue  or  organ  to  which  it  telongs,  it  is  produc^^d  by  a  pre- 
existing cell,  it  develops  and  grows,  is  mixlified  by  circumstances,  reproduces  other 
cells  similar  to  itself,  or  it  dies. 

A  cell  possesses  a  body  and  a  nucleus.  An  external  investing  membrane 
or*  cell  wall  may  or  may  not  be  differentiated. 

The  cell  body  consists  of  proto- 
plasm— an  unstable,  highly  complex 
organic  substance,  the  constitution 
of  which  is  approximately  repre- 
sented by  the  formula  GgoHj^j^Nj^O^. 
It  is  colourless,  semi-fluid,  viscous, 
insoluble  in  water,  capable  of 
osmosis,  and  it  is  contractile  and 
irritable.  In  the  living  condition 
it  always  contains  a  certain  amount 
of  water  and  various  inorganic 
matters.  It  is  to  be  observed,  how- 
ever, that  there  are  many  varieties 
of  protoplasm,  differing  somewhat  in  nature  and  qualities. 

The  protoplasm  of  the  cell  body  is  called  cytoplasm.  Under  low  powers  of  the 
niicroscoi>e  it  is  homogeneous  or  slightly  granular,  but  with  higher  magnification, 
and  especially  after  the  application  of  staining  agents,  it  is  possible  to  distinguish — 

(1)  A  highly  refractile,  elastic,  and  extensile  network — the  cyto-reticuliiin  or 

spongioplasm — the  meshes  of  which  are  filled  with 

(2)  A  clear,  semi-fluid  substance — the  cytolymph  or  hyaloplasm. 

Th(»  iibres  of  the  reticulum  present  some  few  minute  rounded  bodies  of  doubtful 
nature,  which  are  termed  microsomes. 

The  nucleus  is  a  spherical  vesicle  embedded  in  the  cell  body.  It  is  surrounded 
by  a  distinct  nuclear  membrane,  and  usually  contains  nucleoli. 

It  consists  of  modified  protoplasm,  which  is  termed  karyoplasm,  the  precise  rela- 
tion of  which  to  tlie  cytoplasm  is  not  clear.  Structurally  it  re8eml)les  cytoplasm  in 
that  it  presents  a  fine  reticulum,  the  fibres  of  which  seem  to  be  continuous  with 
the  cyto-reticulum  through  the  nuclear  membrane,  whilst  its  meshes  are  occupied 
by  nuclear  juice. 
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The  reticulum  forms  a  fine  network  composed  of  linin  fibres  (achromatic 
substance).  There  is  also  a  coarser  network,  more  readily  stainable,  consisting  of 
ehnnmtm,  gnmular  portions  of  which  may  also  be  embedded  in  the  linin.  Instead 
of  ftmning  a  coarse  network  the  chromatin  may  be  arranged  in  the  form  of  a  con- 
voluted cord,  or  as  a  number  of  separate  filaments,  and  in  certain  cases  it  constitutes 
a  aeries  of  loops  from  which  secondary  branches  are  projected,  the  apices  of  the 
hoip  being  grouped  together  at  one  pole  of  the  nucleus  round  a  clear  area  known 
as  the  '*  polar  field." 

The  nuclear  membrane  consists  of  both  chromatin  and  linin. 

Nucleoli  are  of  two  kinds,  true  and  false.  A  true  nucleolus  is  a  small,  refractile 
particle,  of  spherical  outline,  embedded  in  the  reticulum.  It  stains  deeply,  and  is 
said  to  consist  of  a  special  modification  of  the  karyoplasm  which  is  called  pyrenin. 
Fake  nucleoli  are  simply  the  nodes  of  the  chromatin  reticulum. 

The  nucleus  is  capable  of  motion;  it  has  been  seen  to  alter  its  shape  in 
the  living  cell,  and  it  undoubtedly  plays  an  active  part  in  the  process  of  cell 
^production. 

In  addition  to  the  nucleus  many  cells  contain  one  or  more  small  rounded  bodies 
called  centrosomes.  The  centrosomes  are  modified  portions  of  the  protoplasm,  and 
they  lie,  as  a  rule,  in  a  modified,  clear-looking  area  of  the  cytoplasm,  which  is 
kuown  as  the  attraction  sphere.  This  is  generally  situated  close  to  the  nucleus, 
and  from  its  surface  a  number  of  fine  radiating  lines  project  into  the  adjacent 
cytoplasm. 

Centrosomes  l)ecome  very  evident  when  reproiiuction  commences,  ])ut  are  not 
*)  distinct  at  other  times. 

The  attraction  sphere  also  becomes  more  evident  when  cell-division  commences, 
and  the  rjidii  which  project  from  it,  as  well  as  the  contained  centrosome,  appear  to 
play  important  parts  in  the  reproductive  process. 

Seprodaction  of  Cells. — Cell  division  or  reproduction  may  take  place  either — 

1.  l^y  direct  division — amitosis ; 

2,  By  indirect  division — ^mitosis  or  karyokinesis. 

In  the  amitotic  or  direct  form  of  division  the  nucleus,  and  then  the  cell  body, 
artf  equatorially  constricted,  the  constrictions  deepen  until  both  are  completely 
divided,  and  so  two  daughter  cells  are  produced.     Apparently  the  attraction  sphere 


Fkj.  3.—  Cell  Dhmsion. 

*iii.rv%iv«;  *tajrtrs  of  mitosis  or  karyokinesis  {<iiagrainmati<',  nio«lifie<l  froin  Ilt^niic^Miy).  A.  B,  (',  I),  ami  K 
\l\n-lnXr  the  plieiiomeiia  of  the  prophase  ;  F  tliosc  of  the  nietapliu-se  :  (J  ami  \\  tliose  of  th«'  anapliase  ; 
J.  K,  »n«l  L  those  of  the  teh>phase. 

and  centrosome  play  some  part  in  this  process,  but  whether  their  inHuenee  is 
initiative  or  directive  is  unknown. 

WiUmBf  the  process  of  indirect  division,  is  ))y  far  tlie  most  conunon  mode  of 
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cell-cli\Tl8ioii.  It  is  a  complex  process,  and  the  phenomena  observable  during  it 
progreas  are  claasitied  into  tour  groups:  (1)  this pi'ophase,  (2)  the  melaphase,  (3)  th 
anaphase,  and  (4)  tlie  telophase, 

Tlie  phenomena  of  the  prophase  commence  with  the  division  of  the  centnisoin* 
and  attraction  sphere  into  two  parts  which  travel  to  opposite  poles  of  the  nucleuc 
At  the  same  time  the  reticulum  of  the  nucleus  disappears,  and  in  its  place  a  con 
voluted  cord  of  chromatin,  tlie  skein  or  spirem,  is  formed  (Fig.  3,  A,  B,  and  C) 
this  is  afterwards  broken  up  into  a  number  of  segments  which  may  be  mere  rodfi 
but  wliich  more  frequently  have  the  form  of  V-shaped  loops  (Fig.  3,  D).  Thi 
nucleoli  disjxppear,  and  some  of  the  filaments  which  radiate  from  the  newly-fonnec 
attniction  spheres  seem  to  penetrate  the  nuclear  membrane  at  the  poles  of  th< 
nucleus.  Tlie  nuclear  membrane  subsequently  disappears,  and  the  filament 
passing  from  the  attraction  spheres  into  the  nucleus  form  two  cones,  the  bases  o 
which  meet  at  the  equator  of  the  nucleus,  where  they  fuse  together,  fonning  ai 
achromatic  spindle  w^hich  extends  l)etween  the  two  attraction  spheres  (Fig.  3,  E). 

The  loops,  or  rods,  of  chromatin  are  gradually  grouped  at  the  equator  of  th< 
spindle,  each  rod,  or  chromosome,  being  apparently  connected  with  (me  of  th< 
achromatic  fil)rils ;  and  the  prophase  is  completed. 

In  the  metapha^e  each  chromosome  is  split  longitudinally  into  two  halves- 
daughter  chromosomes — which  separate  from  one  another;  the  separation  com 
monctis  at  the  ai>ex  of  each  V-shaped  chromosome,  which  appears  to  be  attached  t 
an  acliromatic  fibril  (Fig.  3,  F). 

In  the  anaphase  the  daughter  chromosomes  pass  to  the  opposite  poles  of  th 
spindle.  It  is  suggested  that  this  movement  is  brought  about  by  the  contractioi 
of  the  spindle  fibrils,  but  this  is  doubtful,  though  it  is  noteworthy  that  in  som 
cases  fine  achromatic  fibrils  connecting  the  separated  daughter  chromosomes  ai 
present  (Fig.  3,  (t  and  H).  Slightly  before,  or  simultaneously  with,  the  completio 
of  the  anai>hase  the  cell  body  is  equatorially  constricted. 

During  the  telophase  the  constriction  deepens  and  the  cell  is  divided  into  tw 
daughter  cells.  Whilst  this  division  is  taking  place  the  daughter  chromosome 
whicli  are  groui>ed  in  the  neighl)Ourhood  of  each  attraction  sphere  at  opposite  enc 
of  the  spindle,  unite  into  a  convoluted  cord,  round  which  a  nuclear  membrane  : 
formed,  whilst  the  qdyA.  is  converted  into  a  reticulum,  and  nucleoli  appear  (Fig.  \ 
J,  K,  L).  Tlierefore  when  the  separation  of  the  daughter  cells  is  completed,  at  tli 
end  of  the  telophast^  each  possesses  all  the  characteristic  features  of  the  mother  eel 

Reproductive  Cells. — The  germinal  elements,  the  union  of  which  is  essentii 
tn  tlio  formation  of  a  new  being,  are  the  ovum  or  female  element,  and  the  spenm 
tozoon  or  male  element. 

THE  OVUM. 

Structurally  an  ovum  presents  all  the  characteristic  features  of  a  typical  eel 
It  is  ] peculiar  because  of  the  large  size  of  the  nucleus  and  nucleolus  and  in  tl: 
]»ossession  of  two  invt*sting  membranes,  an  inner  one,  the  vitelline  membran 
which  convsponds  to  the  cell  wall,  and  an  outer  one,  the  oolemma  or  zona  pellucid 
Moreover,  tlie  nucleus  always  occupies  an  excentric  ])Osition  in  the  cytoplasm,  an 
the  cell  b(xly  contains  nutritive  material  in  the  form  of  yolk  granules. 

Tht»  constituent  parts  of  an  ovum  have  received  distinctive  names,  howevei 
thus  the  cell  body  is  known  as  the  yolk  or  vitellus,  the  nucleus  is  termed  tl 
germinal  vesicle,  and  the  true  nucleolus  is  called  the  germinal  spot. 

Vitellus  or  Yolk. — The  ])ody  of  the  ovum,  consisting  as  in  an  ordinary  cell  c 
cytoplasm  rcsolval>le  into  reticulum  and  cytolymph,  contains  also  numerous  granule 
of  small  but  varying,'  size  called  yolk  gninules.  These  are  highly  refractile,  fatt; 
and  allniniinoid  bodies  ccmtaining  phosphorus  and  mineral  salts;  collectively  the 
constitute  the  deutoplasm  or  nutritive  yolk,  in  contradistinction  to  the  cytoplasm  < 
formative  yolk. 

Nutritive  or  food  yolk  plays  an  imi>ortant  part  in  develo})ment.  In  son 
animals  it  is  the  only  means  of  support  for  the  embryo  in  the  early  stages  \ 
development ;  in  most  mammals,  on  the  other  hand,  the  embryo  is  supplied  almo 
from  the  first  with  fooil  not  from  the  egg  itself,  but  directly  from  the  nioth< 
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lhn>ugh  the  placenta.     The  amount  of  deutoplasm  present  in  the  ova  of  different 
juiimak  llierefore  varies  greatly. 

Ova  in  which  there  is  no  deutoplasm  are  spoken  of  as  alccithal.     Sucli  ova,  if 
ilwr exist, are  very  rare;  most  of  those  usually  classed  under  this  head  undoubtedly 
ci)nUiu  a  eermin  amount  of  deutoplasm  granules  scattered  throughout  the  cyto- 
l»lasm,  and  are  better  described   by  the 
Vism  oligolecithaL     The  size  of  an  ovum 
M  determined  l>y  the  amount  of  food  yolk 
{««8ent,  and  all  oligolecithal  ova  are  small; 
the  human  ovum,  which  may  be  taken  as 
i  ty[»e  of  the  class,  is  alK)ut    2  mm.,  or 
,!jth  of  an  inch  in  diameter. 

As  tlie  deutf)pla8m  is  increased  in 
amount  the  ovum  is  increased  in  size. 
The  deutoplasm  also  tends  to  accumulate 
in  certain  situations;  if  the  accumulation 
is  at  one  extremity  of  the  cell  the  ovum 
Ls  described  as  tcloJecithal ;  such  ova  are 
naturally  divisible  into  two  areas  or  poles, 
a  cytoplasmic  or  formative  i)ole,  and  a 
deuiopksmic  or  nutritive  }X)le. 

In  mtdolecithal  ova  the  deutoplasm 
almost  entirely  displaces  the  cytoplasm 
fwu  one  jxjle,  as  in  the  egg  of  the  fowl, 
in  which  the  cytoplasm  is  represented  by 
a  dia<.:  spread  over  one  pole  of  a  large 
deutojdiisniic  mass.  In  many  of  the 
irthri)j«.nia  the  deutoplasm  accunmlates  at 
the  centre  of  the  ovum,  which  is  there- 
^••re  termed  ceiitrolccilhal. 

The  germinal  vesicle  or  nucleus  of 
the  human  ovum  is  about  '05  mm.  or  ^j^tn  ui  an  mv^n  m  vufm^  u^^x,  cr.  ^ 
dwmeter  of  the  whole  ovum.  It  lies  exceutrically  in  the  yolk,  and  has  the  usual 
■hanictfrs  (»f  a  cell  nucleus,  i.e.  it  possesst^s  a  nuclear  membrane  within  wliich  is 
th"  karyoplasm,  divisible  into  reticulum  or  nucleoplasm,  and  nuclear  juice.  The 
Di(.lt'i»plji.sm  consists  of  chromatin  and  achromatic  fibres  (linin),  and  the  nuclear 
juice  contains  one  or  more  spherical  and  highly  retractile  true  nucleoli  or  ^^^enuinal 
•{-'ts;  the  nodes  of  the  reticulum  constitute  false  nucleoli. 

hi  a«ldition  to  the  nucleus,  the  vitellus,  at  certain  periods,  also  contains  a  structiue 
if- wii  ris  the  vitelline  body,  body  of  Balbiani,  or  accessory  nucleus.  It  is  readily  seen 
.LvuiiiiLT  ova  lying  near  the  nucleus.  It  contains  one  or  more  centrosonies,  and  ])robably 
r-.:>rt-!*nts  an  at  t  met  ion  sphere. 

Vitelline  Membrane.  —  The  vitelline  membrane  is  Hini])ly  tlie  i)erii)beral 
>'rti«iu  of  tlie  vittdlus,  modified  and  transformed  into  a  line  structureless  envelope 
*{iich  eovers  the  outer  surface  of  the  yolk.  It  is  usually  closely  applied  to  the 
irin-r  asj>ect  of  the  outer  membrane,  the  zona  ])ellucida,  and  is  best  seen  in  the 
'ifiid  r>vum  and  after  treatment  by  reagents.  It  is  thca'cfun^  thought  by  some  to 
>-  rii'-rely  a  condensiition  of  the  outer  part  of  the  vitellus  ])roduced  by  the  action  of 
'iK-  reagent^.  There  is  evidence,  however,  to  show  that  it  is  ]»resent  in  the  normal 
livin;^  ovum. 

Zona  Pellucida  or  Oolemma.— This  membranes  is  thick,  tough,  and  relVactile. 
'.t  servtfs  as  a  protective  covering  for  the  ovum,  and  ])ersists  for  a  considerable 
:im*^  after  fertilisation,  only  disapj)earing  when  the  ovum  ])ecoiues  attached  to 
•1«?  ut»*rus.  It  is  perforated  by  numerous  line  canals,  which  give  to  llii^  broad  cl(»ar 
ruviuhrane  a  finely  striated  appearance,  from  which  circumstance  it  has  ]»een  called 
Th^"zona  striata."  The  zona  i)ellucida  is  not  formed  by  the  ovum,  but  is  secreted 
i'V  the  cells  of  the  Graafian  follicle  in  which  the  ovum  lies;  it  is  conse<jUently 
nej»arded  as  a  secondary  membrane,  and  is  altogether  diilerent  from  the  vitelline 


Fi(}.  4. — The  Ovlm  and  its  CovKuiNds 
( Diagrammatic). 

The  corona  radiata,  which  eomphrtely  .siinouiKls  tljt* 
ovum,  is  only  reproscnted  in  tlie  lower  ]»art  of 
the  tigure. 

1.  Corona  ra<liata. 

2.  Granular  luy«*r. 

3.  Vit«lliiiH  iiienibntiH*. 

4.  Zona  jH'lluoida  (ijijU-iinna). 


:».  Vit.i«llns  or  Yiilk. 

«».  Cu'rniiii.il  Vfsirli-  (iiurl»Mis). 

.  Oerniiiial  s}Mit  (iniclt'oluN). 

,  Nuclear  nuMiibmiH'. 


i-th  of  an  inch  in  diameter,  i.e.   ' 
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lucuibrane.     The   perforatiouH   in   the   zona  serve   for   the   passage   of  nutritirt 
niat(^rial  to  the  ovum. 

When  the  ovum  leaves  the  Graafian  follicle  it  is  sun'ounded  by  several  layen 
of  cells,  the  innermost  of  which  are  columnar.  Tliey  are  derived  from  the  cells  of 
the  follicle,  and  collectively  constitute  the  corona  radiata;  the  cells  gradually 
diminish  in  size,  and  ultimately  disappear.  Their  function  is  unknown,  buft 
between  them  and  the  zona  i>ellucida  there  is  a  layer  of  granular  matter,  probably 
formed  by  the  cells  of  the  corona  radiata,  which  rapidly  swells  up  when  the  ovum 
is  liberjited  from  the  follicle,  and  forms  a  gelatinous  ehistic  layer  called  the  albunMs; 
this  increases  in  thickness  as  the  ovum  ])asses  along  the  oviduct,  and  persista  for 
some  tune  after  it  enters  the  uterine  cavity.  The  function  of  the  albumen  has  not 
been  definitely  ascertained ;  it  may  act  mendy  as  a  protective  covering  against 
undue  pressure,  possibly  it  may  be  nutritive,  whilst  in  the  dog  it  apparently  helps 
to  fix  the  ovum  to  the  wall  of  the  uterus.  It  has  not  been  found  in  all  mammalian 
ova,  and  it  has  not  Ix^en  seen  round  the  human  ovum ;  still  it  may  be  present,  for 
human  ova  at  the  stage  when  it  might  be  expected  to  develop  have  not  yet  l)een 
observed. 

Special  Characters  of  the  Ovum. — The  ovum  as  it  lies  in  the  Graafian 
follicle  presents  no  obvious  structural  modifications  when  compared  with  an 
ordinary  animal  cell,  but  undoubtedly  differs  greatly  in  its  capabilities  and  Hi* 
history.  Unlike  an  ordinary  cell,  it  has  no  inherent  power  of  division  into  tw< 
f'quixi  parts,  but  before  it  is  capalde  of  fertilisation  it  twice  undergoes  unef[vct 
division  during  the  i>eriod  of  ripening  or  maturation ;  again,  its  history  is  diireren 
from  that  of  ordinary  tissue  cells,  though  it  corresponds  closely  with  that  of  tl:» 
male  germinal  elements  or  siiermatozoa. 

Maturation  of  the  Ovum. — As  it  lies  in  the  Graafian  follicle  before  niatun^ 


1)  E  K 

Fn;.  f).    -The  Matl'kation  of  thk  Ovkm  :    Extkision  ok  thk  "Polar  lioDiKs"  (Disiv^niiiiiiiatic). 

A,  An  ovum  .it  the  coiiinhMirriiinit  i)f  the  prrn-i'ss  ;  H,  After  tho  fDrrnatioii  dF  tlie  spindle.  The  chromosome 
an*  jr.itlierod  :it  th<*  «'<]U!itor  of  \\\v  sjjinille.  C,  One  ji|U'X  of  tin*  >j)inillc  has  pn»jc'ctv<l  into  a  bud  ou  th 
surface,  and  half  of  the  diviiltMl  ilya«l»  luive  pasM-'l  t.»  earh  poh*  ;  1),  The  separation  of  the  first  ]>ola 
ho'ly  :  E,  The  coniniencenimt  of  the  sceoml  pohir  Ik>i1\  :   F.  The  completion  of  the  second  i>olar  iMxiy. 

tion  commences,  the  ovum  is,  strictly  s|)eHkinj.r,  an  oocyte  of  the  first  order,  derivec 
by  a  i)rocess  of  coll -division  and  growth  fnmi  a  ]»rimitive  germinal  cell  whicl 
biM.'ame  embedded  in  tlu^  ovary.  The  mon*  (linK.'.t  des(^cndants  of  this  primitiv* 
germ  cell  are  called  oogonia,  and  from  them  oocytes  of  the  first  order  are  developeil 
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The  oocyte  of  the  first  order  is  at  first  small,  but  as  the  Graafian  follicle  in  which 
it  lies  grows  the  oocyte  also  increases  in  size,  and  either  before  or  immediately 
ifter  its  extrusion  from  the  follicle  it  undergoes  the  changes  which  constitute. 
natnration  or  preparation  for  fertilisation ;  in  other  words,  it  divides  twice  into 
unequal  parts  by  a  modified  process  of  mitotic  division. 

It  is  a  well-known  fact  that  all  animal  cells  contain  in  their  nuclei  a  definite 
number  of  chromosomes,  the  number  varying  in  different  groups  of  animals,  but 
being  constant  in  any  given  species,  and  both  the  primitive  germ  cells  and  the 
oogonia  descended  from  them  contain  the  same  number  of  chromosomes  as 
ordinary  tissue  cells.  But  when  the  oocyte  of  the  first  order  begins  to  prepare  for 
die  first  division  during  the  process  of  maturation,  it  is  seen  that  the  number  of 
ehromusomes  it  contains  is  only  half  that  of  the  ordinary  tissue  cells.  Moreover, 
[  the  chromosomes  are  not  slender  V-shaped  loops,  but  short,  thick  rods  in  rings  or 
[  groups  of  four  granules,  and  if  they  are  rod-like  they  do  not  lie  in  the  prophase  with 
I  iheir  long  axes  at  an  angle  with  the  achromatic  spindle,  as  in  ordinary  mitosis,  but 
I  |Hallel  with  the  filaments  of  the  spindle.  During  the  metaphase  the  chromosomes 
1  to  not  split  longitudinally  as  in  ordinary  mitosis,  but  transversely.     This  modifica- 


Oocyte  of  iHt  onicr 


( Kx*yt<»  of  i'lid  onl«?r 


1st  polar  b«jdy 


>««sceii(laiit  of 
1st.  polar  body 

Matur*!  ovmn 

Fi-';.— Di.\<jRAM  irxusTRATiNG  THE  Mati'uation  OK  THE  OvuM.      It  iijiist  he  renKMii].(Te<l  that  in  some 
cA'*.'.  only  one  jwlar  body  is  formed,  and  in  others  tlie  first  i)olar  body  does  not  divide  into  two  parts. 

im  of  ordinary  or  homotyi^e  mitosis  is  known  as  heterofype  mitosis ;  it  takes  ])lace 
n-'t  only  in  oocytes  of  the  first  order  at  the  commencemeut  of  maturation,  hut  also 
in  the  cells  of  malignant  tumours,  and  its  exact  signification  is  not  understood. 
Ii  vre  imagine  that  the  nuclei  of  the  tissue  cells  of  the  animal  with  which  we  are 
^iealing  contain  six  chromosomes  each,  then  at  the  conimenceuient  of  the  first 
fliaiuration  division  of  the  oocyte  only  three  chromosomes  will  he  seen  (»n   the 
■•spindle  which  forms.     The  spindle  at  its  appearance  is  ])arallel  with  one  surl'ace 
"f  the  ovum,  but  it  gradually  rotates  till  it  stands  at  ri^^ht  angles  to  the  surface 
QI*'>n  which  it  impinges,  pushing  a  small  part  of  the  cytoplasm  before  it  in  the 
f'Tui  of  a  small  bud  (Fig.  5,  B  and  C).     In  the  ana])hase  the  chromosomes  divide 
iran.s^'er>>ely,  and  three  half  cliromosomes  pass  to  the  inner  end  of  the  sj)indle  and 
three  to  the  outer  end,  that  is,  into  the  bud-like  projection.     "When  the  telophase 
K  c^»mpleted  the  oocyte  of  the  first  order  is  divided  into  a  small  ])art,  the  first  polar 
body,  and  a  larger  part,  the  oocyte  of  the  second  order,  and  (vacli  contains  three 
•hromf^omes  (Fig.  5,  D).     Almost  immediately  the  heterotype  division  is  followed  in 
ilie  oocyte  of  the  second  order  by  a  homotype  division,  no  restin^^^  stage  interven- 
ing.    A  new  spindle  appears,  the   three  chromosomes  radiate?  from   its  e([uator 
in  the   usual    way,  and    they   divide    longitudinally.      Three   of    the    daughter 


14  CJENERAL  EMBRYOLOGY. 

chromosomes  pass  to  the  inner  end  of  the  spindle  and  three  to  the  outer,  w 
projects  into  a  second  j)olar  bud.  Division  now  occurs,  and  the  oocyte  of 
second  order  divides  into  the  mature  ovum  and  the  second  polar  body,  each  of  w 
contains  three  chromosomes  in  its  nucleus  (Fig.  5,  E  and  ¥),  Thus  at  the  en 
maturation  there  lie  within  the  zona  pellucida  the  mature  ovum  and  two  j 
bodies,  and  the  nucleus  of  the  mature  ovum,  or  female  pronucleus  as  it  is  ca 
contauis  half  the  numl)er  of  chromosomes  which  were  present  in  the  primi 
germ  cell.^ 

THE  SPERMATOZOON. 

Spermatozoa  are  modified  cells  produced  in  the  testicles  or  male  genera 
glands.  They  are  formed  from  the  spermatogonia  or  sperm  mother  cells  which 
derived  from  the  primitive  germ  cells  of  the  testicle,  and  which  ultimately  pnx 
the  8permatoc3rtes  of  the  first  order  (Fig.  7),  the  latter  constituting  the  immec 
point  of  departure  in  the  production  of  a  spermatozoon,  and  corresponding  then 
with  the  ovum  or  oocyte  of  the  first  order  immediately  before  its  matura 
commences.  The  daughter  cells  of  the  spermatocytes  of  the  first  order 
spermatocytes  of  the  second  order,  and  their  descendants  the  spermatids  are 
granddaughter  cells  of  the  spermatocytes  of  the  first  order.  The  spermi 
l>ecome  closely  associated  with  special  sustentacular  or  nurse  cells,  and  during 
association  are  converted  into  spermatozoa. 

Each  spermatid  is  a  cell  possessing  a  cell  body,  a  nucleus,  two  centrosomes, 
a  structure  known  as  an  idiosome.     The  latter  is  l)elieved  by  some  authoriti 


8iK*nnatocyt-c  of  iKt  onler 
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FUi.   7.     -DlAfJHAM    ILLUSTKATIX<;   THE    PROCESS   OK    CELL-DiVISIOX    HKSULTINl}    IN   THE    FOKIIATION 

Spermatids  which  ahe  afterwards  modified  into  Spermatozoa. 

represent  the  attraction  sphere,  whilst  otliers  look  upon  it  as  a  special  modifier 
of  the  protoplasm  only  established  during  the  process  of  mitosis,  and  distinct  1 
the  attraction  sphen\  However  this  may  be,  the  nucleus  of  the  spermatid  bec< 
the  heail  of  the  spermatozoon  (Fig.  9).  The  idiosome  forms  the  head  cap,  a 
filament  grows  out  from  the  region  of  the  centrosomes,  and  the  body  of 
sf)ermatid  forms  ])art  if  not  all  of  the  neck,  body,  tail,  and  end  piece  of 
S]>ennatozoon.  Tiie  centrosomes  l>ecome  eml>edded  in  the  neck,  one  at  its  cepl 
and  the  other  at  its  caudal  end.  The  axial  filament  Ls  closely  connected 
the  jK)Sterior  centrosome,  which  has  i)ossibly  united  with  the  cytoplasm  ii 
formation. 

'  In  the  mouse,  ami  probably  also  in  some  other  manimals,  only  one  polar  body  is  formed  in  mnny  ca 
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lere  is  no  doubt  that  the  mature  ovum  and  the  spermatozoon,  so  far  as  their 
pment  is  concerned,  are  very  similar.  Each  is  derived  from  a  primitive 
jell,  which  becomes  embedded  in  the  generative  gland.  From  the  primitive 
ell  in  the  one  case  oogonia  are  formed  and  in  the  other  si)ermatogonia,  and 
he  oogonia  and  spermatogonia  respectively  oocytes  and  spermatocytes  of  the 
Jer  are  derived.  The  oocyte  of  the  first  order  divides  by  heterotype  mitosis 
1  oocyte  of  the  second  order  and  the  first  polar  body,  and  the  spermatocyte 
drsjt  order  divides,  also  by  heterotype  mitosis,  into  two  spermatocytes  of  the 
order.  By  a  second  and  homotype  mitosis  the  oocyte  of  the  second  order 
iato  a  mature  ovum  and  a  second  polar  body,  and  the  spermatocyte  of  the 
oixler  divides  into  two  spermatids.  Thus  the  final  result  of  the  di\48ion  of 
rmatocyte  of  the  first  order  is  the  formation  of  four  granddaughter  cells  or 
tids,  each  of  which  contains  half  the  number  of  chromatic  particles  present 
[>rimitive  germ  cell,  whilst  the  final  result  of  the  division  of  the  oocyte  of 
it  order  is  the  production  in  some  cases  of  only  three  granddaughter 
he  mature  ovum  and  two  polar  bodies,  but  in  many  cases  the  first 
kkIv  divides  in  the  homotype  manner  simultaneously  with  the  division 
oocyte  of  the  second  order,  and  thus  the  final  result  of  the  division 
(KXjyte  is  four  granddaughter  cells,  the  mature  ovum  and  three  polar 
each  containing  half  the  number  of  chromosomes  present  in  the  primitive 
ell.  There  are,  however,  two  differences  of  im])ortance  between  the  male 
and  the  female  elements.  The 
final  result  of  the  division  of  the 
female  element  is  one  mature 
ovum  immediately  capable  of 
fertilisation  and  further  develop- 
ment, and  two  or  three  polar 
bodies  which  are  incapable  of 
further  development  and  which 
ultimately  disappear.  On  the 
other  hand,  the  result  of  the 
division  of  the  male  element  is 
the  production  of  four  equal 
parts,  the  spermatids,  each  of 
which  undergoes  further  modi- 
fication, and  is  transformed  into 
a  spermatozoon  capable  of  fertil- 
ising a  mature  ovum. 

A  spermatozoon,  like  an 
ovum,  is  a  nucleated  mass  of 
cytoplasm,  but  it  presents  strik- 
ing modifications  in  structure. 
It  is  very  small,  and  possesses  a 
head,  a  neck,  a  body,  a  tail,  and 
]»iece  (Fig.  8).  In  addition  it  is  provided  witli 
cap  which  covers  more  than  the  anterior  half 
iiead  (Fig.  9).  This  cap  is  modified  over  the  ajiex 
head  into  a  sharp  cutting  edge,  by  means  of  which 
rmatoz<x>n,  driven  forward  by  the  movement  of  the 
-rces  its  way  through  the  oolemma  of  the  ovum. 
tlie  short  neck  are  an  anterior  and  a  posterior 
ome  separated  by  an  intermediate  disc,  and  from 
«terior  centrosome  an  axial  filament  extends 
^  the  body  and  tail,  and  terminates  posteriorly  as 
I  piec«.     The  axial  filament  is  surroundcnl  l)y  a 

which  is  thicker  in  the  body  than  in  the  tail.  Outside  the  sheath  of  the 
lament,  in  the  body,  is  a  spiral  sheath,  and  this  is  enclosed  by  a  sheath  of 
orm  substance,  the  mitochondrial  sheath,  wliich  rests  at  the  lower  end  of 
y  on  an  annulus  or  terminal  disc. 


Kii'l  pi»»c»- 


It-man  Spermatozoa 
i»-w  ;  B,  Frniit  view. 


.  liennl  <'ni» 


Ant.  centroBonie 
I'oHt.  centrosouie 

Axial  fibre 

Siiiral  Hheath 
Mitochondrial 
Rheath 
Terminal  disc 


-Axial  fibre 


Sheath  of  axial 
fibre 


Via.  9.     Structuuk  ok  a  Him  an 
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A  transverKe  striatioii  of  the  head,  a  spiral  filament,  a  spiral  sheath  associn 
with  the  body  and  tail,  and  a  terminal  spear  connected  with  the  head  have  t 
described  by  Bardleben  and  others,  but  apparently  they  do  not  exist  normally 
parts  of  the  human  spermatozoon. 

The  head  of  the  spermatozoon  is  ovoid  and  laterally  compressed,  so  tliat  w 
viewed  from  the  side  it  appears  pointed ;  it  is  about  4*5  fi  long,  2*5  fi  broad, 
I'o  fj.  thick.  The  body  is  somewhat  longer  than  the  head,  and  the  tail  is  six  ti 
as  long  as  the  body,  therefore  the  total  length  of  the  spermatozoon  is  about  < 
fifth  of  the  diameter  of  the  ovum. 


FERTILISATION  OF  THE  OVUM  AND  THE  RESULTS  THAT  ENSl 

Fertilisation. — The  mature  ovum  is  fertilised  by  a  spermatozoon.  The 
generative  elements  meet,  and  fertilisation  takes  place  as  a  rule  in  the  u] 
part  of  the  Fallopian  tube.  The  spermatozoon  i)enetr<ites  the  zona  pellucid 
the  ovum,  cutting  through  it  by  means  of  the  sharp  edge  of  its  head  cap.  At 
same  time  a  conical  projection,  the  cone  of  attraction,  appeai-s  on  the  surfac 
the  ovum,  within  the  zona  pellucida,  directly  l)eneath  the  point  at  which 


.nr 


Fk;.  10.  —  Kkrtilisation  of  the  Ovum  (l)iagraniiiiati«0. 
A,  Tlie  entrance  of  the  8iK?nnatozoon  and  the  formation  of  the  cone  of  attraction  ;  B,  The  appearance  ( 
controNonie  ;  C,  The  approachment  of  the  male  an«l  female  j>ronnclei  ;  1),  'I'he  first  segmentation  nu 

r.      Pt)lar  iKxiy. 

^>N.  >Segiupntation  nuoleuH. 


C.      Ontrortoin*', 

CA.   Cone  of  attract  ion. 


FI*.   Female  pronucleus. 
Ml*.   Male  proiiueleu.s. 


Spermatozoon  is  entering.  The  head,  and  probably  a  portion  of  the  body  of 
spermatoz(X)n,  plunge  into  the  cone  of  attraction  ;  the  remainder  of  the  body  and 
tail  are  cast  off  and  disappear.  The  portion  of  the  spermatozoon  wliich  enters 
cytoplasm  of  the  ovum  is  converted  into  a  nucleus,  the  male  pronacleus,  whic 
accompanied  by  its  attraction  sphere  and  centrosome.  "When  the  male  pronuc 
is  distinctly  formed  the  granules  of  the  cytoplasm  in  its  neighbourhooil  l)egi 
radiate  around  it,  as  if  undt^r  its  influence,  and  the  pronucleus  itself  tni 
inwarils. 

As  the  male  pronucleus  approaches  the  female  i)ronucleug»  tUe  latter  si 
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of  activity,  it  undergoes  changes  of  form,  and  moves  to  meet  the  male 
cJeua  For  a  time  the  two  pronuclei  lie  in  juxtaposition,  and  ultimately  they 
>^'ether,  fonning  the  first  segmentation  nucleus. 

:'  tirst  segmentation  nucleus  is  accompanied  by  two  centrosomes  which  lie  at 
)Osite  poles,  and  are  the  products  of  the  male  centrosome  which  divides  as 
^nuclei  fuse. 

i  fertUised  ovum,  the  product  of  the  fusion  of  the  mature  ovum  and  the 
tozoon,  contains  in  its  nucleus,  the  first  segmentation  nucleus,  the  same 
•  of  chromosomes  as  the  primitive  ovum  or  the  sperm-mother  cell,  but  the 
somes  of  the  segmentation  nucleus  are  derived  partly  from  a  male  and 
'rom  a  female  individual. 

iliiig  to  some  authorities,  both  the  male  and  female  pronuclei  are  accompanied  by 
lies,  and  at  the  moment  of  union  of  the  pronuclei  each  centrosome  divides ;  thus  four 
roeiumes  are  formed,  two  male  and  two  female.  From  the  four  half-centrosomes  two  new 
ues  are  formed  by  the  union  of  half  a  male  centrosome  with  half  a  female  centrosonie. 
dew  be  correct,  each  of  the  two  centrosomes  which  accomjjany  the  first  segmentation 
x>ntain8  both  male  and  female  elements. 

mentation. — Segmentation  is  the  division  of  the  fertilised  ovum  (oosperm) 
lumber  of  cells.  These  cells  are  afterwards  arranged  in  layers — the  germinal 
r  layers  of  the  blastoderm ;  ultimately  they  are  differentiated  into  the  tissue 
:s  of  the  lx)dy. 


A  B  e 

Fio.  11. — Segmentation  of  the  Feutilised  Ovum  in  thk  Rabbit. 

Formation  of  blastonieres  ami  morula  (Diagrammatic). 

A,  IMvisiou  into  two  segments  ;  H,  Division  into  four  segments  ;  C\  Morula  ; 

I*,  Polar  bodies. 

the  phenomena  of  segmentation  have  not  been  observed  in  the  human  ovum, 
IS  to  be  understood  that  the  following  d(3.scription  is  based  chiefly  upon  the 
I3US  met  with  in  rodents,  more  especially  in  the  rabbit,  an  animal  well 
1  for  the  study  of  these  phenomena. 

er  a  p«?riod  of  quiescence,  whiel)  succeeds  the  fusion  of  the  male  and  female 
lei,  a  ^H?riod  of  activity  8ui)ervene8,  during  which  repeated  divisions  of  the 
nated  ovum  result  in  the  produetion  of  a  solid  mass  of  cells  called  a  morula, 
risions  are  mitotic,  and  all  the  i)henomena  associated  w^ibh  mitosis  are  readily 
,]»le  in  projierly  prepared  speeimens. 
:  jdanes  which  separate  the  several  segments  of  the  divided  ovum  in  its 

stages  are  termed  the  "])lanes  of  segmentation,"  and  in  some  animals  the 
lue  by  which  the  ovum  is  divided  into  the  first  two  daughter  cells  coincides 
le  future  mid-axial  or  mesial  plane  of  the  body,  the  descendants  of  the  cell 
J  the  right  of  it  being  developed  into  the  right  half  of  the  body,  and  those 
cell  to  the  left  into  thti  left  half.  There  is  no  proof,  however,  that  this 
in  mammals ;  all  that  is  definitely  known  is  that  the  first  division  separates 
im  into  two  parts  of  unequal  size  but  of  similar  colour  and  structure. 
5  second  plane  of  segmentation  is  at  right  angles  to  the  first,  and  it  separates 
)  daughter  cells  into  four  granddauofhter  cells,  of  which,  in  some  cases,  two 
J  larger  and  two  smaller.  The  substjqueut  divisions  occur  irregularly,  and 
suit  in  the  formation  of  numerous  cells  (blastonieres)  wiiich  aj)parently'onlv 
a  size  in  the  mbbit,  but  which  also  differ  in  apj)earance  in  many  mammals. 
ire  mixed  together  so  irregularly  that  it  is  impossible  to  distintniish   the 
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Fn:.  1*2.— CoNVEKSioN  of  the  Moruiji  to 

THE    BLASTDLA. 

Fonuation  of  blastodermic  vesicle  aiid 
membrane. 
A.  Appearance  of  segmentation  cavity  and 
attJichment  of  inner  cell  mas-s  to  ectoderm 
at  upper  pole  of  ovum  ;  B\  Extension  and 
flattening  of  inner  cell  mass  us  it  <Kcurs  in 
rabbit  and  some  other  mammals  ;  B'^  Ex- 
tension of  ento<lerm  as  it  occurs  in  insec- 
tivora,  monkeys,  apes,  and  man  ;  C\  Com- 
pletion of  bilaminar  blastodermic  vesicle. 
B(!),  Blastodermic  cavity  ;  EC,  Ectoderm  ; 
EE,  Embryonic  ectoderm  ;  EN,  Entoderm  : 
I,  Inner  cell  mass ;  SO,  Segmentation 
cavity  ;  ZP,  Zona  pellucida. 


descendants  of  one  daughter  cell  from  th 
the  other,  and  in  this,  the  momla  stage, 
is  frequently  no  indication  of  any  sepa 
of  the  cells  into  layers.  In  the  meantin 
polar  bodies  have  disappeared. 

The  next  phenomenon  of  importance 
appearance  of  a  cavity — the  segmentation 
— in  the  morula ;  the  ovum  assumes  a  vei 
character,  and  is  now  termed  a  blastula.    I 
taneously  with   the   apj)earance  of  the 
the  cells  of  the  morula  are  arranged  in  two  j 
— an  outer  and  an  inner.    The  cells  of  tht 
group  form  a  layer,  the  primitive  ectocU 
epiblast ;  those  of  the  inner  group  remain  i 
together  and  constitute  the  inner  cell  mass 
two  groups  are  in  contact  at  one  pole 
ovum,  and  it  is  in  this  region  that  the  e 
develops  (Fig.  12,  A). 

In  the  rabbit  and  in  some  other  ma 
the  outer  cells  of  the  inner  mass  at  the  emb 
pole  of  the  ovum  blend  with  the  supei 
primitive  ectoderm  (Rauber's  cells)  to  foi 
embryonic  ectoderm.  This  is  merely  a 
fication  of  the  more  general  plan,  by  whi< 
inner  cell  mass  l>ecomes  the  inner  layer 
now  vesicular  ovum,  but  the  conversion 
inner  mass  into  the  entoderm  may  take 
in  two  different  ways. 

(1)  In  the  rabbit  and  in  many  other 
mals  the  inner  mass  gradually  flattens  o 
its  cells  form  a  layer  at  the  embryonic 
and  the  wall  of  the  vesicular  ovum,  which 
called  a  blastodermic  vesicle,  is  partly  unih 
and  partly  bilaminar  (B\  Fig.  12).  Gra4 
however,  the  margins  of  the  entoderinal 
extend,  and  ultimately  the  cavity  of  the 
is  surrounded  by  two  comjJete  layers,  ect 
and  entoderm. 

In  the  hedgehog,  in  monkeys,  apes,  ai 
human  subject,  a  cavity  appears  in  the 
cell  mass  (B^  Fig.  12),  and  the  cells  arc 
assume  a  laminar  character,  constituting  t 
toderm,  which  is  separated  from  the  ect 
except  in  the  embryonic  area,  by  the  o 
cavity  of  the  blastodermic  vesicle. 

In    the   case   of  the   hedgehog   the 
in  the  entoderm  expands  until  the  en  tod 
forced  into  contact  with  the  ectoderm, 
condition  is  attained  similar  to  that  mt 
in  the  rabbit  (C,  Fig.  12),  but  in  monkey 
and  the  human  subject  the  expansion 
entoderm  cavity  is  not  so  great,  and  the  en' 
does   not   attain    contact   with    the    eel 
except  in  the  embryonic  area. 

In  amphioxus  and  many  of  the  invertebr 
results  of  the  scgmentiition  are  not  quite  tl 
as  in  rnauimals,  for  at  a  very  early  period,  ^ 
the  definite  formation  of  a  morula  mass,  the  se^ 
tion  cells  arrange  themselves  in  a  layer  round  a 
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form  a  complete  unilaminar  blastoderm.  In  these  cases  the  bilaminar  condition 
i  bj  the  invagination  of  a  portion  of  the  wall  of  the  vesicle.  The  opening  at 
invagination  occurs  is  called  the  blastopore.  The  cavity  enclosed  by  the 
1  cells  is  the  archenteron,  or  primitive  alimentary  cavity  or  gastrula  cavity, 
the  blastopore  the  cavity  is  surrounded  by  two  layers  of  cells,  an  outer  the 
nd  an  inner  the  entoderm,  and  the  animal  at  this  period  of  its  development  is 
In  the  mammal  the  cells  which  become  invaginated  in  amphioxus  to  form 
m  are  enclosed  in  the  interior  of  the  morula  mass  at  a  very  early  period  of  the 
n,  before  the  vesicular  condition  is  attained,  but  eventually,  as  already  pointed 
rm  a  layer  inside  the  ectoderm  and  they  enclose  a  cavity,  the  blastodermic 
h  is  homologous  with  the  archenteron  or  gastrula  cavity  of  the  lower  forms, 
ity  is  closed  and  the  blastopore  is  not  obvious.  In  amphioxus,  however,  the 
»ecomes  elongated  antero-posteriorly,  and  along  the  margins  a  third  layer,  the 
rrows  out  between  the  two  primitive  layers.  In  the  mammal,  on  the  other 
the  entoderm  and  ectoderm  are  definitely  established,  a  linear  streak,  called 
re  streak,  to  which  further  reference  will  be  made,  appears  on  the  surface  of 
this  becomes  perforated  at  its  anterior  end,  and  from  its  margins  and  mesoderm 
wards ;  clearly,  therefore,  it  represents  the  blastopore  of  amphioxus  though 
rf oration  is  only  present  for  a  short  time,  and  the  mammalian  ovum  at  this 
be  looked  upon  as  a  gastrula. 

oderm  and  entoderm  together  constitute  the  blastoderm  or  blastodermic 
which  is  bilaminar,  and  the  vesicle  of  which  they  form  the  wall  is  no 
:eQ  of  as  the  blastula,  but  as  the  blastodermic  vesicle. 
ire  of  the  Ectoderm  and  Entoderm. — The  cells  of  the  ectoderm  are  at 
lar  in  size  and  shape,  and  their  outlines  are  indistinct ;  but  after  a  short 
toderm  cells  at  one  pole  of  the  blastodermic  vesicle  become  cubical  or 
umnar,  whilst  the  remaining  cells  of  the  outer  layer  are  flattened  and 
lar  outlines, 
nnar  cells 
ictoderm  of 
o,  and  the 
Us  are  util- 
ormation  of 
.nd  protec- 
ures  known 
icenta  and 
branes. 
is  of  the  eu- 
also,at  first, 
lar  in  shape 
but  after- 
they  are 
into  a  layer,  ^ 
le  more  or 
<1,  and  they 
togetherby 
i    processes. 

later  period  they  are  transformed  into  polygonal  plates  which  appear 
|>ed  in  section  (Fig.  12). 

onic  Area.  —  When  the  upper  pole  of  the  bilaminar  blastodermic 
xaniined  in  surface  view  from  above,  a  dark,  somewhat  opaque  circular 
L»le ;  this  is  known  as  the  embryonic  area.  It  is  coextensive  with  the 
•ortion  of  the  ectoderm.  Very  soon  after  it  appears  the  embryonic  area 
oid ;  the  small  end  of  the  ovoid  area  is  posterior,  that  is,  it  lies  in  the 
ill  is  afterwards  converted  into  the  posterior  part  of  the  embryo.  At 
end  of  the  ovoid  area  a  still  darker  patch  of  triangular  form  is  developed  ; 
Bcomes  crescentic,  and  is  the  tirst  indication  of  the  primitive  streak  and 
ation  of  a  third  blastodermic  layer  termetl  the  mesoderm  or  mesoblast. 
mitive  streak  consists  of  thickened  ectoderm  which  is  seen  in  transverse 
HCCtiDg  downwards,  and  resting  upon  the  entoderm  in  the  form  of  a  ridge. 


Mesodenii 


A  f^ 

Fk;.  13. — Surface  View  of  the  Blastodermic  Vesicle. 

Showing  the  embryonic  area  and  the  commencement  of  the  mesoderm. 

Before  the  ap])earunee  of  the  primitive  streak  —  tlie  embryonic  area  is 
circular  in  form  and  bilaminar  tlironghout  ;  B,  After  the  ai)i>earance  of 
the  primitive  streak.  The  posterior  end  of  tlie  primitive  strenk  shows 
a  crescentic  thickening,  which  indicates  the  commencement  of  the  meso- 
derm or  middle  layer  of  the  blastodermic  membrane. 
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From  the  sides  and  the  posterior  extremity  of  the  ectodermal  ridge  a  lamind 
cells  projects  outwards,  and  gradually  insinuates  itself  Ijetween  the  ectoderm  i 
the  entoderm  over  the  whole  area  of  the  vesicle,  except  in  certain  regions  toi 
afterwards  described.  This  lamina  is  the  rudiment  of  the  mesoderm.  Withi 
formation  of  the  mesoderm  the  ]>lastodermic  membrane  becomes  trilaminar. 


Embryonic  urea 


Mcri4>denii 


Fkj.  14. — The  Upper  Polk  op  the  Blastodermic  Vesicle. 

Showing  the  embryonic  area,  the  primitive  streak  with  the  exteusiou  of  the  mesoderm  from  its  sidoi  ai 
posterior  end,  and  the  commencement  of  the  neural  groove. 

.\,  Surface  view  (diagrammatic) ;  B  and  C,  Transverse  sectioiut  through  the  blastoderm  of  the  ferret  i 
stage  re[>resentetl  in  A  and  along  the  lines  h  and  c  respectively. 

The  majority  of  the  cells  of  the  mesoderm  are  derived  from  those  of 
primitive  streak,  but  it  is  said  that  cells  from  the  entoderm  also  take  [mrt  ii 
formation.    Young  mesodermal  cells  are  round  or  ovoid,  and  some  give  off  numei 
processes.     In  later  stages  they  may  a&sume  various  shapes,  and  many  clo 
resemble  the  cells  of  the  ectoderm  or  those  of  the  entoderm. 

As  the  blastodermic  vesicle  grows,  the  em])ryonic  or  germinal  area  beco 
pyriform  and  increases  in  length,  principally  in  the  posterior  part  of  its  ex 
where  the  primitive  streak  is  situated ;  at  the  same  time  the  streak  lengthens 
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Fk}.  15. — Trans VEibiE  Section  of  a  Ferret  Embrto. 

Showing  ntrural  groove  Ix.'fore  the  separation  of  the  paraxial  from  the  lateral  mesoderm. 

C.      Cn-'loni.  (iC.  (tiTniinal  ci-ll.  PM.    Paraxial  mt'so«UTni.  SoM.  Somatic  mesodei 

EC.   Kotoilerm.  N.     Not«)chord.  SB.    S|K>ngioblust.  So  P.  Somatopleure. 

EN.  Entoderm.  NC  Neural  groove.  S(J.    Spinal  ganglion.  S[)M.  Splanchnic  meso 

Spp.  Splanchnopleure. 

l)ecomes  more  linear.  For  a  short  time  a  groove,  the  primitive  groove,  appear 
the  surface  of  the  streak.  It  is  deepest  in  I'ront,  where  in  some  mammals,  inc 
ing  man,  a  sm  ill  transitory  ])erforation  is  formed,  the  neurenteric  canal. 

A  second  broader  and  shallower  groove  then  appeiira  in  the  embryonic 
immediately  in  front  of  the  i:)rimitive  streak ;  this  is  the  neural  groove,  the  rudir 
of  the  nervous  systt^u.  The  neural  groove,  its  bounding  folds,  and  the  ner 
system  subsequently  develoixjd  from  them  are  formed  entirely  of  ectodermal  elemi 
which  at  first  arc  cc^ntinuous  with  those  forming  the  outer  layer  of  the  eml 
The  posterior  end  of  the  neural  groove  embraces  the  anterior  end  of  the  prim 
streak  and  groove,  and  at  this  ]>eriod  the  neurenteric  canal  forms  a  communicc 
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the  interior  of  the  ovum  and  the  bottom  of  the  neural  groove,  which 
tertfterwards  becomes  the  closed  canal  of  the  central  nervous  system.  In  some 
teixrates  the  neurenteric  canal  persists  for  a  considerable  period,  and  upon  the 
slopment  of  the  alimentary  canal  it  constitutes  a  communicating  channel 
reen  it  and  the  cavity  of  the  neural  tube. 

Is  the  neural  groove  grows  backwards  the  anterior  part  of  the  i)rimitive  streak 
sorbed,  and  although  the  posterior  part  continues  to  grow,  the  primitive  streak 

whole  diminishes  in  length;  ultimately  the  greater  part  of  the  primitive 
k  disappears,  but  a  portion  is  recognisable  for  a  considerable  time  extending 

the  hsiae  of  the  tail,  a  transitory  structure  in  the  human  embryo,  to  the 
al  wall  of  the  body.  This  portion  forms  the  posterior  boundary  of  the 
tive  alimentary  canal;  it  remains  bilaminar,  and  is  called  the  cloacal 
>rane. 

e  primitive  streak  is  of  great  morphological  importance ;  recent  reseai'clies  Lave  8ho^\^l 
pom  it  and  tbe  cells  in  its  neiglibourhood  the  greater  part  of  the  body  of  the  embryo, 
he  exception  of  the  anterior  part  of  the  head  and  heart  region,  is  developed.  It  possibly 
ents  tbe  mouth  of  a  remote  (pre-vertebrate)  ancestor,  the  fused  lips  of  which  formed  the 
)f  a  primitive  vertebrate  animal.  The  aperture  of  this  mouth  is  still  represented  in  lower 
►rate*  by  an  opening  known  as  the  blastopore.  The  neurenteric  canal  is  the  only  represen- 
of  the  opening  in  the  human  subject. 

he  neural  or  medullary  groove  is  bounded  laterally  by  medullary  folds 
h  are  continuous  in  front  of  the  groove,  but  separate   behind  where   they 
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Fio.  16— Transverse  Section  of  Ferret  Embryo. 

Jig  the  closure  of  the  neural  groov«*.  the  formation  of  the  neural  crest,  the  outgrowth  of  the  spinal 
panglia,  the  commencement  of  the  separation  of  the  paraxial  mes<xlerm  from  the  lateral  plates,  and  the 
differentiation  of  the  intermediate  cell  mas^. 

.'jtlom. 
>D:ral  canal. 

atoderm. 


GC.     Germinal  cell.  PA.  Primitive  aorta. 

IMC.  Intermediate  cell  mass.       PS.  Mesodermic  somite. 
N.        Notochord.  SB.  Spongioblast. 

XC.     Neural  crest.  SC.  Spinal  cord. 

SpP.  Sidauchnopleure 


SG.  Spinal  ganglion. 

SoM.  Somatic  meso<lenii. 

Sol*.  Somatopleure. 

SpM.  Splanchnic  mesoderm. 


'ace  the  anterior  end  of  the  primitive  streak.  The  neural  groove  increases 
ngth  l>oth  in  front  and  behind.  The  backward  increase  takes  place  at  the 
Qse  of  the  primitive  streak,  whilst  the  anterior  increase  is  due  to  the  rapid 
th  of  the  anterior  part  of  the  embryonic  area;  at  the  same  time,  not  because 
lOugh  coincident  with,  an  increase  of  the  mesoderm  which  has  grown  l)eneath 
,  the  medullary  folds  are  gradually  elevated,  and  their  apices  bending  inwards 
■  together  over  the  neural  groove,  which  is  thus  converted  into  a  tulie  or  canal 
;  neural  tube.  The  medullary  folds  unite,  in  the  first  place,  in  the  region 
1  afterwards  becomes  the  neck ;  and  subsequently  they  unite  progressively, 
irds  and  liackwards. 

iong  the  line  of  union  the  neural  tube  is  connected,  for  a  time,  with  the 
oe  ectoderm  by  a  ridge  of  cells,  the  neural  crest.  The  crest  soon  separates 
the  surface,  but  it  remains  connected  with  the  neural  tube,  and  is  utilised  in 
omiation  of  the  cranial  and  spinal  nerve  ganglia,  the  sympathetic  ganglia,  the 
id  and  coccygeal  bodies,  and  the  medullary  parts  of  the  suprarenal  bodies, 
5t  the  walls  of  the  neural  tube  are  converted  into  the  nervous  and  sustentacular 
«  elements  of  the  whole  of  the  central  nervous  system  (brain  and  spinal  cord). 
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Before  the  tube  is  closed  the  neural  groove  is  dilated  at  each  end  (see  Fig.  : 
The  posterior  dilatation  is  single ;  it  constitutes  the  rhomboidal  sinus,  which  nwm 
ordinary  circumstances  soon  disappears.  Anteriorly,  numerous  dilatationfl  4 
distinguishable  at  first.  The  exact  number  of  these  dilatations  (neuromeroar^ 
said  to  be  eleven.  As  the  tube  closes  they  resolve  themselves  into  three  distal 
vesicles  termed  the  primary  cerebral  vesicles.  These  constitute  the  rudiments  of  t$ 
fore-  mid-  and  hind-brains,  and  their  respective  ventricular  cavities.  The  renudndrt 
of  the  cavity  of  the  tube  becomes  the  central  canal  of  the  spinal  cord 

After  the  separation  of  the  neural  crest  from  the  surface  the  mesoderm 
pletely  surrounds  the   whole   of  the   neural  tube,  and  from  it  are  formed 
membranes  of  the  brain  and  spinal  cord  and  their  skeletal  environments. 

The  ectodermal  cells  which  form  the  wall  of  the  primitive  neural  tube  are 
defined,  but  they  soon  difTerentiate  into  two  sets,  spongioblasts  and  germinal 
The  spongioblasts  are  the  more  numerous,  they  are  columnar  in  form,  and 
extend  from  an  internal  limiting  membrane  which  is  developed  round  the  peri] ' 
of  the  central  canal  to  an  external  limiting  membrane  which  forms  the 
limit  of  the  neural  tube.  There  is  frequently  considerable  difficulty  in  recogni 
their  columnar  character,  even  in  the  early  stages,  partly  because  their  nucM 
not  all  lie  at  the  same  level,  and  partly  because  they  are  so  closely  opposed, 
spongioblasts  are  converted  into  the  sustentacular  tissue,  or  myelospoxiginm,  of 
brain  and  spinal  cord,  but  all  do  not  undergo  precisely  the  same  transformal 
The  inner  portions  of  those  spongioblasts  whose  nuclei  lie  near  the  central 
retain  a  columnar  form,  and  cilia  grow  from  their  free  surfaces  into  the  lumen  of  it 
canal;  in  other  words,  they  are  converted  into  the  ciliated  epithelium  of  the  oentB 
canal,  but  the  outer  portions  of  the  same  cells  are  transformed  into  fibrillar  procefll 
which  terminate  externally  by  fusing  with  the  external  limiting  membrane.  Tl 
remaining  spongioblasts  entirely  lose  their  columnar  form,  they  become  mnfl 
branched,  and  their  branches  interlace  with  the  fibrillar  processes  of  the  ciliali 
epithelial  cells,  and  with  similar  branches  of  neighbouring  cells,  forming  th| 
reticular  sustentacular  tissue  or  myelos|)ongium ;  the  external  limiting  membnaii 
is  produced  by  the  close  interweaving  of  the  peripheral  myelospongial  fibrils.         i 

Tlie  germinal  cells  arc  spherical  in  outline,  and  contain  clear  protoplasm  aB| 
darkly-staining  nuclei.  They  lie  between  the  inner  ends  of  the  spongioblasts  okij 
to  the  central  canal  where,  at  the  fourth  or  fifth  week,  they  form  an  irregular  layv 
and  it  is  ])elieved  that  they  very  soon  give  rise  to  a  new  generation  of  Gell8»tli 
neuroblasts,  or  young  nerve-cells — at  all  events  neuroblasts  appear  as  the  germiai 
cells  disappear.  Each  neuroblast  rapidly  becomes  pyriform  by  the  outgrowth  of  II 
axial  process  or  axon,  which  projects  from  its  outer  end  towards  the  periphery  0 
the  tube. 

Shortly  after  their  formation  the  neuroblasts  migrate  outwards,  and  ultimate^ 
those  of  the  cord  are  arranged  in  longer  or  shorter  columns  in  the  myelospongiun 
whilst  those  of  the  brain  are  grouped  together  in  definite  areas  to  form  tb 
cerebral  nuclei. 

Each  neuroblast  as  it  develops  gives  off  many  processes,  which  vary  in  lengtl 
and  thickness.  The  first  formed  of  these  is  the  axial  process  or  axon  alreiut 
referred  to.  It  carries  impulses  from  the  cell,  gives  off  lateral  branches,  an 
terminates  either  in  association  with  a  special  end-organ  or  by  ramifying  amidl 
other  nerve-processes  or  round  a  nerve-cell  of  the  central  or  peripheral  nervov 
system.  The  remaining  processes  of  the  neuroblast  are  called  dendritea  I 
protoplasmic  processes.  They  are  usually  shorter  and  more  branched  than  tl 
axon,  and  they  carry  impulses  to  the  cell.  The  whole  system  of  cell  body,  axoi 
and  dendrites  into  which  a  neuroblast  develops  is  termed  a  neuron. 

Every  neuron  is  probably  a  8ex)arate  and  distinct  entity.  Its  processes  neithf 
anastomose  together  nor  with  the  processes  of  other  neurons.  They  lie,  how6V6 
in  close  contiguity  with  either  the  l)ody  or  processes  of  other  neurons,  or  wit 
special  end -organs,  and  it  is  possible  for  impulses  to  pass  from  one  neuron  t 
another  although  there  is  no  structural  continuity  between  them. 

Extension  of  the  Mesoderm  and  Division  of  the  Blastodermic  Membru 
into  Areas. — It  has  already  been  pointed  out  that  when  the  primitive  streak  fin 
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Proamniotic 


Bucco- 
pharyngeal 
area 


Poricardial 


!  it  consists  of  a  thickened  ridge  of  ectoderm  situated  in  the  posterior  part 
mbryonic  area  and  resting  upon  the  entoderm.  The  anterior  end  of  the 
on  fuses  with  the  entoderm  beneath  it,  and  from  its  sides  and  posterior 
iy  a  lamelliform  outgrowth,  the  mesoderm,  is  projected  between  the 
1  and  entoderm.  At  its  commencement  the  mesoderm  is  an  outgrowth 
primitive  streak,  but  during  its  subsequent  extension  it  is  probably  added 
Is  proliferated  from  the  entoderm. 

extends  the  mesoderm  forms  a  semilunar  sheet  of  cells,  the  concavity  of 
lune  being  turned  forwards,  whilst  the  convexity  is  gradually  projected 
he  margins  of  the  embryonic  area.  The  cornua  of  the  semilunar  sheet 
vards  on  either  side  of,  and  at  some  little  distance  from  the  middle  line, 
jelj  beneath  the  medullary  folds.  Each  cornu  on  reaching  the  anterior 
e  embryonic  area  bifurcates,  and  the  resulting  processes  unite  with  their 
f  the  opposite  side. 

le  same  time  the  mesoderm  grows  from  its  convex  margin,  and  extends 
rest  of  the  ovum  as  a  continuous  sheet.  But  even  when  the  extension  is 
d,  in  the  majority 
lals,  three  areas  on 
sr  aspect  of  the 
3main  devoid  of 
a,  and  consist  only 
rm  and  entoderm, 
irgest  of  these  areas 
ctly  in  front  of 
yonic  region.  In 
.mmals  it  is  folded  Notochordai 
and  backwards  in  "®* 

the  head  of  the 
yhen  this  becomes 
shable,  and  it  takes 
the  formation  of 
e  protecting  foetal 
les,  viz.  the  amnion ; 
irefore  called  the 
n,  and  the  area 
Ich  it  is  developed 

ea  the  proamniotic  area.  Probably  it  is  not  present  in  the  human  blasto- 
if  it  exists  it  is  very  transitory. 

lecond  of  the  areas  into  which  the  mesoderm  does  not  extend  lies  in  the 
ic  region.  It  is  separated  from  the  proamniotic  area  by  a  bar  of  mesoderm 
I  the  pericardial  cavity  afterwards  appears.  The  anterior  part  of  this 
rea  is  situated  in  front  of  the  neural  groove,  and  as,  at  a  later  period,  it 
^ptum  between  the  primitive  mouth  and  the  pharynx,  it  may  be  termed 
D-pharyngeal  area.  The  posterior  part  of  the  area  forms  the  floor  of  the 
y  groove,  and  as  the  notochord  is  formed  from  its  entodermal  layer  we 
lied  it  the  notochordai  area. 

third  area  corresponds  to  the  posterior  part  of  the  primitive  streak.  It 
from  the  base  of  the  tail  towards  the  umbilicus,  forming  the  cloacal  mem- 
lich  it.self  forms  the  posterior  boundary  of  the  primitive  alimentary  canal, 
ntually  perforated  by  the  geni to- urinary  and  anal  apertures. 
pt  in  the  areas  just  described,  the  blastodermic  membrane  is  trilaminar,  and 
rly  period  it  is  possible  to  distinguish  the  regions  in  which  the  heart  and 
um,  the  amnion,  and  the  placental  and  non-placental  parts  of  the  chorion 
equently  developed.  These  regions  form  fairly  well-defined  areas,  to  the 
positions  of  which  reference  may  now  be  made. 

interior  part  of  the  embryonic  area  in  front  of  the  bucco-pharyngeal  area 
jion  in  which  the  pericardium  and  heart  are  developed,  and  it  may  therefore 
d  the  pericardial  area, 
blastodermic    membrane    immediately    surrounding    the   embryonic  area, 


Fk;.  17.— Surface  Areas  ok  the  Blastoderm. 
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includiDg  the  proamniotic  part  in  those  animals  in  which  it  exists,  is  the  ■iimiill 
area,  and  this  is  bounded  externally  by  a  band  of  elevated  and  thickened  ectodea^ 
which  indicates  the  placental  area.  The  latter,  together  with  the  blastoderm  orm 
the  rest  of  the  ovum,  forms  the  chorioiiie  area,  which  is  separable,  therefore,  intai 
placental  and  non-placental  portions.  \ 

These  areas  are  further  referred  to  in  the  description  of  the  folding  off  of  tbi 
embryo  and  the  formation  of  the  foetal  membranes  and  placenta.  J 

Formation  of  the  Notochord. — The  notochord  is  the  primitive  skeletal  axis  <■ 
the  embryo.  When  differentiated  it  forms  a  rod  which  intervenes  between  tin 
ectodermal  neural  tube  and  the  entoderm  of  the  primitive  alimentary  canal.  It  k 
developed  from  the  entoderm  beneath  the  neural  groove  in  the  notochordal  area 
A  linear  strip  of  entoderm  thickens  and  then  separates  as  a  solid  rod  of  cells,  (hi 
continuity  of  the  entodermal  layer  being  restored  beneath  it.  When  it  is  completBd) 
the  notochord  extends  from  a  point  immediately  behind  the  primitive  fore-brain,  an|| 


Embryonic  arfa 


Amniotic 
area 


Placental  ar«a 


Chorionic  area 


Xotochordal  area 
PcricardUlarea  .  Primitive  streak 

Amniotic  area 


Placental  area 


iChorionic  i 


Fig.  1^.— Sections  showinc;  the  difkkrent  Ahbas  of  the  Blastodermic  Vesicle  (Diagrammatic). 

I.  Transverse  section  ;  IT.  Longitudinal  section. 

EC.  Ectoderm.  M.  Mesoderm.  N.  Xotochordal  thickening. 


EN.  Entoderm. 


NG.  Neural  groove. 


beneath  the  anterior  end  of  tlie  mid-brain,  to  the  anterior  end  of  the  primitive  streak, 
and  in  later  stages,  as  tlie  skeleton  is  formed,  the  notochord  can  be  traced  from  the 
post-sphenoid  section  of  the  base  of  the  skull,  which  is  situated  beneath  the  mid-brain, 
to  the  tip  of  the  coccyx. 

The  separation  of  the  notochord  from  the  entoderm  commences  in  the  cervioal 
region,  and  extends  forwards  and  backwards.  The  anterior  extremity  is  the  last  part 
to  l)e  detache<.l,  the  separation  occurring  shortly  after  the  perforation  and  disappear- 
ance of  the  bucco-pharyngeal  membrane. 

The  cellular  notochord  develops  a  cuticular  sheath  ;  it  is  subsequently  surrounded 
by  mesoderm  which  separates  it  both  from  the  neural  tul)e  and  the  entoderm, 
and  which  is  ultimately  transformed  into  the  vertebra*  and  their  ligaments,  the 
intervertebral  discs,  the  basi-sj)heiioid  and  basi-occipital  parts  of  the  skull,  and  the 
membranes  of  the  Ijrain  and  cord. 

As  the  surrounding  mesoderm  is  dilferentiated  the  notochord  becomes  nodulated ; 
the  thickened  portions  are  situated  in  the  regions  of  the  intervertebral  discs,  and 
the  intermediate  constricted  portions  in  the  regions  of  the  vertebral  bodies.  The 
vertebral  |)ortions  gradually  disappear,  and  the  intervertebral  parts  are  converted 
into  a  kind  of  mucoid  tissue,  the  pulp  of  the  intervertebral  discs. 

Formation  of  the  Ccelom — In  all  animals  in  which  the  entoderm  and  ectoderm 
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lie  in  doee  relation  with  each  other  over  the  whole  surface  of  the  ovum,  the 
p  P 


Perkiinlial 

Burco 
pharytig«»iil 


Fi«.  19. — Extension  of  Mesodebm  and  Formation  ok  Cielom  (I)ia^ainuiatic). 

A.   Mr^^lrnn  spreading  fronrthe  sides  of  the  ect<xlennal  primitive  streak,  and  extending  between  the  ectoderm 

and  entoderm.     B.  Further  ezteusion  of  the  mesoilerm  and  ap|H*arance  of  co*lomic  cleft-like  si)ace8. 

0.  Complete  delamination  of  the  meso4lerm  and  formation  of  ccelom. 

B*;.  Bl&<toiiermic  cavity.  C.  C-oelom.  EC.  Ectoderm.  EN.  Entoderm.  M.  Mesodernj. 

P.   Primitive  Streak.  SoP.  Somatopleure.  SpP.  Splanchnoplenre. 

mesoderm  as  it  extends  from  the  primitive  streak  forms  a  single  layer,  and  wliere 

this  exists  the  blastoderm  is ^  ,,  ^„.    .  ., 

trilanuuar,  but   m   monkeys, 
ajHfS,  and  the  human  subject, 
a:i  the  ectoderm  and  entoderm 
are  se][<irated  from  each  other 
by   the   segmentation   cavity 
Fig.  12,  B- ;,  the  mesoderm  al- 
ni'ist  from  its  commencement 
extends  in  two  layers,  one  the 
8{iknehnic  on    the  entoderm, 
and  the  other  the  somatic  on 
the  inner  surface  of  the  ecto- 
ilt^mi.       In    other    mammals 
I'efore   the    extending   meso- 
derm  entirely  separates   the 
ectoderm  from  the  entoderm, 
a  cavity  is  formed  in  it   by 
the  union  of  a  series  of  cleft- 
like spaces  which  appear  near 
the  margin  of  the  embryonic 
area  and  rapidly  fuse  together, 

forming    the    COelom    or    body      Fig.  20.— surface  view  oy  an  E\ul\  KMiiHVi.  (Diagrammatic). 
canty.      Thus  in  the  majority    showing  the  neural  groove,  dilated  in  the  hca<l  region  but  still  un 

of    mammals    the    ccelom  is 
formed  by  the  cleavage  of  the 


HhoiuboldAl 

4lllU> 


closed,  and  the  first  protovertebral  somite^^. 
eo.domic  .s]>ace  are  indicated  by  dotted  lines. 


The  margins  of  the 


meaoderm,  but  in  the  higher  forms  it  represents  the  sc^gnientation  ciivity   which 
ku  become  surroimded  by  two  extending  layers  of  mesoderm.     In  those  animals 
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in  which  it  appears  by  cleavage  of  the  mesoderm,  it  extends  towards  both  pc 
of  the  ovum,  but  in  the  higher  forms  only  towards  the  embryonic  pole,  and 
both  groups  its  extension  in  the  embryonic  area  is  arrested  before  it  qu 
reaches  the  side  of  the  notochord  and  the  mesial  plane  of  the  primitive  streak, 
extends  across  the  pericardial  area,  however,  and  forms  the  rudiment  of  \ 
pericardial  cavity,  which  appears  as  a  transverse  tubular  passage  continuous 
each  side  with  the  general  body  cavity.  The  outer  or  parietal  layer  of  1 
mesoderm  becomes  more  or  less  closely  attached  to  the  ectoderm,  and  with 
forms  the  somatoplenre,  whilst  the  inner  or  visceral  layer  is  similarly  asaocial 
with  the  entoderm  to  form  the  splanchnoplenre. 

When  the  coelom  is  fully  formed  the  blastoderm  contains  two  cavities,  one,  t 
coelom  or  body  cavity,  situated  between  the  two  layers  of  the  mesoderm,  and  t 
other  the  cavity  of  the  blastodermic  vesicle,  usually  called  the  vitelline  cavity,  wh 
lies  inside  the  entoderm. 

Mesodermic  or  Protovertebral  Somites. — During  the  formation  of  the  coel 
the  undivided  mesoderm  at  each  side  of  the  notochord  thickens,  principally  b; 
dorsal  upgrowth  which  is  coincident  with  the  uprising  of  the  ectodermal  medulL 
folds  which  bound  the  neural  groove.  There  are  thus  formed  two  thickened  bare 
mesodermal  tissue,  one  on  each  side  of  the  neural  tube,  and  they  together  constiti 
the  paraxial  mesoderm  (Fig.  15) ;  the  more  laterally  situated  portions  of  the  mesode 
are  known  as  the  lateral  plates. 

The  paraxial  mesoderm  is  soon  divided,  except  in  the  head  region,  by  a  numl 
of  transverse  clefts  into  a  series  of  cubical  masses  termed  the  mesodennic  somil 
These  are  at  first  partially,  and  afterwards  more  completely  separated  from  1 
lateral  plates  by  longitudinal  grooves.  After  the  longitudinal  grooves  are  form 
the  mesodermic  somites  of  eacli  side  are  connected  with  the  lateral  mesoderm  b; 
somewhat  contracted  strand  of  cells,  the  intermediate  cell  mass  (Fig.  16).  T 
strand  is  represented  in  lower  vertebrates  by  a  series  of  separate  cords  of  ce 
the  stalks  of  the  somites,  each  somite  possessing  one  stalk. 

The  separation  of  the  paraxial  mesoderm  from  the  lateral  plates  and  1 
segmentation  of  the  former  into  somites  extends  forwards  to  the  region  of  the  hi 
brain,  where  the  first  protovertebral  somite  is  formed.  In  front  of  this  i 
mesoderm,  in  mammals  at  least,  does  not  become  segmented. 

The  cavity  of  the  ccelom  may  extend  into  the  paraxial  mesoderm  before  it 
segmented  into  protovertebral  somites,  or  it  may  stop  just  outside  the  limits  of 
paraxial  mesoderm.  In  the  former  case  each  somite,  when  separated  from 
lateral  plate,  contains  a  cavity,  and  the  intermediate  cell  mass  is  also  hollow  fo 
time.  In  the  latter  case  the  protovertebral  somites  and  the  intermediate  cell  mas 
are  solid ;  at  a  later  period,  however,  a  cavity  which  contains  a  few  spherical  a 
appears  temporarily  in  each  somite. 

Folding  Off  of  the  Embryo  from  the  Blastodermic  Vesicle.— Although 
many  rudiments  of  the  embryo  become  distinguishable  at  an  early  period  in 
development  (the  embryonic  area,  the  primitive  streak  and  groove,  the  neu 
groove,  the  notochord,  and  the  protovertebral  somites),  the  body  of  the  embryo  d 
not  assume  its  chai-acteristic  form  until  it  becomes  raised  and  folded  off  from 
general  surface  of  the  blastodermic  vesicle. 

The  main  cause  of  the  folding  oft'  of  the  embryo  from  the  surface  of  the  vesi 
is  the  more  rapid  growth  of  the  embryonic  area  as  contrasted  with  the  slower  gro\ 
and  expansion  of  the  remainder  of  the  wall  of  the  vesicle ;  and  the  moulding  of 
increasing  embryonic  area  into  the  form  of  the  embryo  is  due  to  differences  in 
rate  of  growth  of  the  various  parts  of  the  area  itself. 

The  manner  in  which  the  area  is  folded,  and  the  changes  in  the  relat 
positions  of  its  various  parts  which  necessarily  result,  will  be  easily  understood 
reference  to  Figs.  21  and  27. 

The  embryonic  area  at  an  early  period  increases  rapidly,  especially  in  leng 
Its  margins,  however,  appear  to  remain  comparatively  fixed,  and  hence  as  the  a 
increases  it  must  fold  upon  itself.  It  becomes  more  convex  externally,  and 
raised  slightly  above  the  general  surface,  but  at  the  same  time  it  apparently  sii 
into  the  interior  of  the  ovum,  and  the  amnion  folds  close  over  it. 
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The  antero-posterior  growth  is  greater  than  the  lateral;  consequently  the 
folding  of  the  embryonic  area  is  most  marked  in  front  and  behind.  Anterior  and 
posterior,  or  cephalic .  and  caudal  folds  are  formed,  which  indicate  the  head  and 
tail  extremities  of  the  embryo.  Similarly,  lateral  folds  define  the  lateral  limits  of 
the  body. 

When  the  body  of  the  embryo  thus  becomes  folded  off  it  contains  a  portion  of 
the  blastodermic  cavity  and  of  the  ccelom ;  the  former  is  the  primitive  alimentary 
anal,  and  the  latter  is  the  rudiment  of  the  pericardial,  pleural,  and  peritoneal 
earities. 

The  commimication  between   the  pleuro-peritoneal  and  the   extra-embryonic 
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Fig.  21.— Early  Stages  in  the  Folding  Off  of  the  Embryo  (Diagrammatic). 

I  Ungitudinal  section  of  a  <leveloping  ovum.  The  folding  off  of  the  embryo  has  commenced,  and  the  head  fold, 
bending  down  in  front,  has  invaginated  the  amniotic  area.  The  tail  fold  is  partly  formed,  and  the 
primitive  alimentary  canal,  closed  in  front,  comniunic-ates  freely  with  the  yolk-sac  by  a  wide  umbilical 
aperture. 

II,  Transverse  section  of  a  developing  ovum  showing  the  coniincncement  of  the  **  folding  off."     The  thickened 

embryonic  area  is  convex  externally,  and  it  already  appears  to  sink  below  the  surface  of  the  ovum. 

III.  TranBverse    section  showing    the    '* folding   off"  more    advanced.     The  changes   seen  in  II.  are   more 

marked,  ami  by  apparent  constriction  at  the  junction  of  the  embryonic  area  with  the  rest  of  the 
bla.itodermic  vesicle  the  embryo  is  still  further  nipped  off,  and  distinct  lateral  folds  are  formed. 

Th*  division  of  the  cavity  of  the  blastodermic  vesicle  into  tliat  of  the  primitive  alimentary  canal  and  that  of 
the  yolk-sac  is  shown  in  all  the  figures. 

The  amniotic  area,  directed  upwards  and  inwards  in  II..  forms  with  the  placental  area  the  amniotic  fold,  and 
in  IH.  the  amniotic  folds  of  opiwsite  sides  are  apjiroaching  one  anotlier  over  the  back  of  the  embryo  to 
enclose  tlie  cavity  of  the  amnion.  The  relative  positions  of  the  different  areas  of  tlie  blastoderm  are 
correspondingly  mo<lified. 

PA.      Placental  area.  SpM.  Splanchnic  nieso<ierm. 

PAC.  Primitive  alimentary  canal.    YS.     Yolk-sac. 
SoM.   Somatic  mesoderm.  V.       Villi. 


AA.  Amnion  fold.  EC.     Ectoderm. 

C.     Calooi.  EN.     Entoderm. 

EA.  £mbr\'onic  area.        N.        Notochord. 


portion  of  the  coelom  is  obviously  bounded  by  the  margins  of  the  embryonic  area, 
which  constitutes  the  limits  of  the  umbilical  orifice. 

The  margins  of  the  embryonic  area  retain  approximately  their  original  positions, 
and  in  its  further  growth  the  embryo  extends  beyond  them  in  all  directions. 
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THE  EMBRYO. 

The  embryo,  now  easily  distinguishable  from  the  rest  of  the  ovum,  is  already 
sufficiently  developed  to  give  some  indication  of  the  general  plan  of  its  organisatioKa  , 
and  of  the  ultimate  relation  and  fate  of  the  three  layers  of  the  blastoderm  whieb 
enter  into  its  constitution.  There  are  as  yet  no  limbs,  but  the  general  contour  of 
the  head  and  body  are  defined.  It  possesses  a  notochord,  afterwards  replaced  t>y 
the  permanent  vertebral  column,  which  constitutes  a  longitudinal  central  axifik- 
On  the  dorsal  aspect  of  the  notochord  the  neural  groove  is  closing  to  form  ttm^ 
neural  canal,  or  primitive  cerebro-spinal  nervous  system,  whilst  on  its  ventral  sidL^ 
a  portion  of  the  blastodermic  cavity  is  being  included  as  a  primitive  tubul^x" 
alimentary  canal,  which  freely  communicates  with  the  remainder  of  the  blastodernLi<5 
cavity  now  called  the  cavity  of  the  yolk-sac. 

The  formation  of  the  mesodermic  somites  has  commenced,  and  this  is  the  fire*  t 

indication  of  that  segment^*-- 
tion  which  is  such  a  cha»r^- 
acteristic  feature  in  tlm^^ 
structure  of  the  vertebrafe^^ 
body. 

The  general  relations  (f  ^ 
the  three  layers  of  the  bla»— ^ 
toderm    remain    unaltered^ 
Thus,  externally,  there  is  m^ 
layer  of  ectoderm  forming  th^ 
surface  of  the  body ;  inter- 
nally, a  layer  of  entoderm 
I  I'      lining  the  primitive  aliment- 

Fk;.  22.-THE  rblative  Positions  of  thb  Bl^vstodkhmic  Layers  ary  canal;  and  between  them 
IN  THE  Body  op  the  Embryo  when  the  ** Folding  Off"  is  is  the  mesoderm  enclosing 
COMPLETED  (Diagrammatic).  ^Jjg  CCelom. 

I.  Transverse  section  through  the  umbilical  aperture.  The       SUrfftCO      6CtodoniL 

If.  Similar  section  in  front  of  or  behimltheuml.ilicu..  ^^^^^     ^j^^     Cpithchal     ele- 

AC.  Alimentary  canal.  EN.  Entoderm.  N.  Notochord.        TiiPiits  1   nf  fhp  ftlcin   nnd   ifn 

EC.  Ecto«lerm.  M.     Mesrxlerm.  SC.  Spinal  cord.      mentS      01   tnc  SKin  ana  U8 

VI.  Vitello-intestiual  duct  and  umbilical  aperture.  appendages,andof  thcglands 

which  open  on  it.  Thus  the 
hairs  and  hair-follicles,  the  nails,  the  enamel  of  the  teeth,  the  epithelium  of  the 
sebaceous  glands,  of  the  sweat  glands,  and  of  the  mammary  glands  are  all  ectodennal. 
The  epithelium  of  the  conjunctivae  and  of  the  lachrymal  glands  is  also  derived 
from  ectoderu).  The  roof  of  the  mouth,  the  inner  surfaces  of  the  cheeks,  the  nasal 
passages  and  their  associated  cavities,  together  with  the  adjacent  part  of  the  pharynx 
and  the  anterior  lobe  of  the  pituitary  body,  as  well  as  the  external  auditory  canal 
and  the  outer  layer  of  the  tympanic  membrane,  are  all  developed  from  the  surface, 
and  their  epithelium,  with  that  of  their  glands,  is  ectodermal  in  origin.  The 
epithelium  of  the  sense  organs,  except  that  of  taste  (the  tongue),  is  derived  from 
ectoderm;  the  auditory  and  olfactory  epithelial  elements,  and  those  of  the  lens 
and  cornea,  are  from  surface  ectoderm ;  whilst  the  epithelial  elements  of  the  retina 
are  from  neural  ectoderm. 

The  neural  ectoderm  is  removed  from  the  surface  to  form  the  neural  tube  and 
neural  crest,  from  which  the  cells  and  fibres  of  the  whole  of  the  nervous  system,* 

*  The  term  "  Kpitheliuni "  is  applied  to  tissues  consisting  of  cells  which  are  united  with  one  another 
by  means  of  a  small  amount  of  intercellular  substance. 

The  cells  i.onstituting  epithelium  are  always  arranged  in  one  or  more  layers  ;  they  cover  free  !«urfaceH 
and  line  the  various  cavities  of  the  botly,  including  the  vascular  and  lymphatic  systems  ;  they  also  form 
the  active  elements  in  secretory  glamis  and  line  their  ducts.  Epithelium  is  always  non-vascular,  and  the 
Cells  receive  their  nouiishmcnt  from  blood-vessels  which  are  in  their  vicinity.  Epithelial  cells  are 
mo<litied  in  accordance  with  the  particular  functions  they  are  called  upon  to  serve,  and  they  present  many 
variations  in  shape,  size,  an<l  stnicture,  e.g.  the  neuro-epitbelial  cells  of  the  central  nen'ous  system  and  of 
the  peripheral  sense  organs  differ  considerably  from  the  more  ordinary  epithelial  type ;  but  they  are 
Mmply  more  specialised,  and  therefore  more  modified. 

"•*  It  seems  possible  that  this  statement  may,  before  long,  require  mollification,  for  evidence  is  being 
brought  forwanl  to  show  that  some  portions  of  the  system  are  developed  from  peripherally  situated 
ectotlermal  cells 
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both  central  and  peripheral,  and  the  sustentacular  tissue  of  the  brain  and  spinal 
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Fig.  23. — Transverhe  Section  of  a  Fekuet  Embryo, 
Showing  further  differentiatiou  of  the  mesodenn. 


(U  OntnJ  canal. 

ML. 

Muscular  layer  of  niesoder- 

SC'.    Siiiual  cord. 

CL  CntAoeoos  lamella  of  proto- 

niic  somite. 

SG.    Spinal  ganglion. 

T«rt«bral  noiiiite. 

N. 

Xotocbord. 

SL.     Scleratogenous  layer  of  pro 

CaOolou. 

NC. 

Neural  crest. 

toverte))ral  somite. 

ft:  Ectoderm. 

PA. 

Primitive  aorta. 

SoM.  Somatic  mesoderm. 

CCfntodcrm. 

PS. 

Mesoderm ic  somite. 

SoP.    Somatopleure. 

GC.  (iermiiial  cell. 

SB. 

Spongioblast. 

SpP.    Splanchnopleure. 

SpM.  Splanchnic  mesoderm. 

CQid,  are  developed.  The  neural  ectoderm  also  furnishes  the  epithelial  elements  of 
the  retiuse,  the  pineal  gland,  and  of  the  posterior  lobe  of  the  pituitary  body.  It 
forms  a  large 
|«rt  of  the  vitre- 
ous humour  of 
the  eye,  and  con - 
thbates  to  the 
formation  of  the 
carotid,  coccy- 
geal and  Kupra- 
renal  bodies. 

The  entoderm 
lines  the  alimen- 
tary canal  and 
the  spaces  and 
s;lands  which 
'»pen  into  it,  ex- 
cept the  upper 
parts  of  the 
mouth  and  phur- 
ynx  and  the 
terminal  i)ortion 
of  the  rectum : 
thus  the  ei)i- 
thelium  of  the 
Eustachian  tulx? 
and  tympanic 
cavity,  the 
trachea,  the 
bronchi,  the  air- 
vi^icles  of  the 
luQjps,  the  gall- 
bladder,      the 

uriuiiry  bladder,  and  part  of  the  urethra  is  cntoilermal.     It  forms  the  epithelial 
wnatituents  of  the  taste  buds  or  organs  of  taste,  the  liver  and  the  pancreas,  the 
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Fig.  24. — Fl'Iither  Difkkkentiation  ok  thk  Mksddkum. 
Transverse   section   of  a  rat  eni])ryo,  sliowing  the  traiisforniatioii  of  tin 


scleratogenous  layer  of  a  protovvrteltral   somite  and   tlu-ir 
notochord  and  spinal  cnnl. 


(.ells  of  the 
extension  round  the 
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Amnion. 
Amnion  cavity. 
C'-o-lom. 
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X. 

I'A. 
PAC. 


Notochord. 
Primitive  ;iorta. 
Primitive  alimentary 
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VI).   V'itello-iutestinal  duct. 


^(\  ^^|)inal  I'ord. 

SG.  Spinal  j^'an^'lion. 

SoM.  Sonjatio  mesoderm. 

SpM.  Splanehuie  mesoderm. 
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of  the  connective  tissues,  fasciae,  and  vessek  of  the  ventro-lateral  walls  of  the  body 
and  in  niamuials,  apparently,  it  also  gives  origin  to  the  ventro-lateral  body  muscles 
and  the  muscles  of  the  limbs.  The  splanchnic  portions  of  the  lateral  plates  fona 
the  fascia?,  the  connective  tissues,  the  smooth  muscles  of  the  walls  of  the  alimentaij 
canal,  the  heart  and  great  bloorl- vessels,  the  visceral  layers  of  the  pleural  and 
peritoneal  membranes,  the  spleen,  and  the  germinal  epithelium,  which  becomei 
transformed  into  the  mother  cells  of  the  ova  and  si)ermatozoa. 

In  the  ceplialic  region,  in  higher  vertebrates,  lateral  plates  are  not  recogniBabh^ 
except  so  far  as  they  may  be  represented  by  the  walls  of  the  pericardium;  but  in 
some  lower  vertebrate.^  lateral  plates  enn  be  distinguished,  corresponding  in  number 
with  the  cephalic  somites,  and  it  has  been  asserted  that  the  muscles  of  the  faoe 
and  the  muscles  of  mastication  are  developed  from  the  lateral  plates  associated 
with  the  second  and  third  cephalic  somites.  The  subject,  however,  is  one  which  ii 
still  obscure,  and  requires  further  investigation  before  any  ver}'  positive  conclusion 
can  be  arrived  at. 

Intermediate  Cell  Mass. — As  already  mentioned,  the  lateral  plates  and  the 
mesodermic  somites  are  connected  by  the  intermediate  cell  masses,  which  an 
intimately  associated  with  the  development  of  the  ducts  and  tubules  of  the  genitaL 
and  urinary  organs  in  man  and  other  mammals.  On  e^\  side  the  mass  sooa 
separates  from  the  mesodermic  somites,  and  is  transformed  by  rapid  proliferation 
of  its  cells  into  an  elongated  body,  the  Wolffian  body  or  primitive  kidney,  which 
projects  downwards  into  the  dorsal  angle  of  the  body  cavity.  In  early  stages  it 
extends  from  the  fifth  somite  of  the  body,  backwards  to  its  posterior  end,  but  ia 
most  clearly  differentiated  in  the  middle  portion.  The  Wolffian  duct  and  tubulee 
and  the  Miillerian  duct  are  developed  in  connexion  with  it;  after  the  second  montl 
of  intrauterine  life  it  degenerates,  and  is  replaced  by  the  i>ennanent  kidney,  whicl 
is  formed  dorsal  to  its  posterior  extremity. 

THE  DEVELOPMENT  OF  THE  PRIMITIVE  ALIMENTARY  CANAL 

When  tlie  cephalic,  caudal,  and  lateral  folds  are  established,  and  the  genen 
outline  of  the  embr}'0  is  clearly  defined,  its  dorsal  and  lateral  surfaces  and  11 

.Sitiiial  cord  Nutucliurd 

^"'-*'**^"        ^^^_|^  I  /        Primitive  fltjwik 


I'lscenUl  WMM. 


SpM      SoM 
niu-.co-]iharyiip*ul  ninnibraiif 

Fn;.  27.— Diagram  of  a  1)eveloi»in(;  Ovum,  seen  in  L<)N(iitudinal  Section. 

Tlie  folding  off  of  the  fiiihryo  l)jis  coiiiiTieiice<l,  and  tlic  ilowiiward  lu'iid  of  the  liea<l  fold  iu  front  lias  iiivag 
natfil  tlK-  amniotic  area.  The  tail  fold  is  partly  formed,  und  the  primitive  alimentary  canal,  closed  i 
fr(»nt  by  the  l»in:co- pharyngeal  menihrane  and  Ix'liind  l»y  the  doaeal  menilTane,  is  distinguishable  ;  i 
communicates  freely  with  the  yi>lk  «ac  by  a  wide  umbilical  aperture. 

C.     ('(elom.  EN.  Entoderm.  SoM.  Somatic  nie.soilerm. 

Er.  Et'to«lerm.  M.     Me.'<odj'rm.  SpM.  Splanchnic  niCH0<U*nn. 

antt^rior  and  posterior  extremities  are  easily  recognisable,  and,  as  the  embryo  i 
folded  off  from  the  surface  of  the  blastodermic  vesicle,  a  portion  of  the  blastoderm' 
cavity  is  enclosed  within  it ;  this  is  the  primitive  alimentary  canal.     It  is  sim^ 
an  incomplete  tubular  cavity,  situated  beneath  the  notochord,  which  is  bounde 
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y  the  head  fold,  beliiud  by  the  tail  fold,  and  laterally  by  the  lateral  folds, 
^-idely  open  below  and  continuous  with  the  cavity  of  the  yolk-sac. 
the  head  of  the  embryo  grows  more  rapidly  than  any  other  j)art,  the  head 
more  marked  than  the  other  folds,  and  with  its  formation  the  pericardial 
bent  round  until  it  l^ecomes  ventral  in  position,  its  original  upper  and  lower 
5  being  reversed  (Fig.  27).  It  is  owing  to  this  change  of  relative  position 
le  ventral  wall  of  the  alimentary  canal  is  completed  in  front,  and  it  is 
that  its  anterior  limit  corresponds  to  the  bucco-pharyngeal  area  of  the 
;rm.  Tlie  part  of  the  blastodermic  cavity  enclosed  in  the  head  fold  con- 
the  fore-gut. 

tail  fold  at  this  period  is  small,  but  it  limits  the  primitive  gut  behind, 
ventral  closing  of  the  po^tt^rior  end  of  tlie  primitive  alimentary  canal  to 
hind-gut  is  produced, 
le  case  of  the  fore-gut, 
ling  of  the  embryonic 
This  takes  place  in  the 
of  the  tail  fold;   but 
terior  part  of  the  em- 
area  retains  for  a  con- 
e    time     its    original 
,,and  forms  a  connect- 
Ik,  termed   tlie   body- 
between    the    embryf)   ^ 
chorionic  ai*ea  of  the    f 
jrm.    Ultimately,  how-  i 
is  terminal  section  of 
il>ryonic    area    is    re- 
n  jKjsition,  its  posterior 
iig  carried  forwards  till 
\  the  posterior  boundary 
mbilical  orifice,  and  the    = 
wall  of  the  hind-gut  is  "^ 
•mpleted. 

'  r«/3t  of  the  primitive 
tary  canal  constitutes 
d-gut.  It  remains  for 
line  in  free  communica- 
ith  the  cavity  of  the 
ic,  and  thiscouimunica- 
^tween  the  alimentary 
and  the  yolk-sac  at  a 
^tage  forms  a  tu])ular 
?,  the  vitello- intestinal 
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("loaral  membniin.'  holy  stalk 

Via.    28.— I)1A(JHAM     UEPUKSENTINIJ     THK     CONDITION     OF    THB    AlI- 
MENTAHY    CaNAL    IN    A    HVMAN    EMimVO    ABOl'T    FlKTEEN    DaYS 

Old  (iM<nlitie«l  Iroin  His). 
The  visceral  ilefts  nn:  loniicl,  mid  the  subdivisions  of  the  fore-gut, 
togrth'.T  witli  tlie  rudiments  of  the  bronclii  jind  liver,  are  distinct. 


e  entodenn  forms  tlie 
epithelium  of  the  ali- 
•y  c<inal,  but  this  is 
id  by  the  splanchnic  Liyer  of  the  mesoderm,  whicli  is  separated  from  the 
•pleure  or  body  wall  by  tlie  ccelom  or  ])ody  cavity.  As  the  splanchnic 
?rm  jia.'^ses  on  each  side  to  its  continuity  with  the  somatic  mesoderm  it  forms 
by  which  the  gut  is  suspended  from  the  under  surface  of  the  primitive 
■al  column  ;  this  fold  is  the  mesentery. 

len  the  diaphragm  is  formed  at  a  later  period  it  separates  the  thorax  from 
lomen,  and  divides  the  ccelom  into  pleural  and  peritoneal  portions, 
i  primitive  alimentary  canal  is  almost  a  straight  tube,  blind  at  both  its 
ities,  and  communicating  only  with  tlie  cavity  of  the  yolk-sac.  As  yet  there 
louth  and  no  anal  passage  or  aperture.  The  simple  tubular  canal  is  divisible 
»re-gut,  mid-gut,  and  hind-gut,  ])arts  which  are  conveniently  associated 
)mentaUy  with  definite  portions  of  the  fully-formed  alimentary  canal. 
3 
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Thus  the  fore-gut  is  converted  into  the  pharynx,  oesophagus,  stomach,  and  tht 
greater  part  of  the  duodenum;  whilst  from  the  mid-gut  and  the  hind-gut  the  rert 
of  the  small  intestine  (jejunum  and  ileum),  and  the  whole  length  of  the  laigB^ 
intestine  (caecum,  colon,  and  rectum),  are  formed.  There  is  no  sharp  limit  betuvea: 
the  mid-gut  and  the  hind-gut,  or  between  the  jwrtions  of  the  intestinal  eaml- 
which  develop  from  them. 

Diverticular  outgrowths  from  the  entoderm  of  the  primitive  alimentary  cand " 
form  the  rudiments  of  the  intestinal  glands,  including  the  liver  and  pancreas ;  of  thBT 
respiratory  apparatus;   and  of  the  thyroid  and  thymus  glands.     Details  of  d»-_ 
formation  of  these  structures  are  given  in  the  special  description  of  the  develop- 
ment of  the  system  to  which  each  belongs. 
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¥iQ.  29. — Further  Development  of  the  Alimentary  Canal,  as  seen  in  a  Human  Embryo 
ABOUT  Five  Weeks  Ou)  (Diagrammatic). 

The  tongue  is  weU  formed,  the  tracliea  and  (Bso))hagus  are  separated,  the  bronchi 
the  duodenal  curve  is  well  formed,  and  the  caecum  has  appeared  in  the 
cloaca  is  partially  separated  into  genito-urinary  and  rectal  portions. 


have  commenced  to  branch ; 
loop  of  the  mid-g;nt.    Tlie 


1. 

Hind-brain. 

7. 

Trachea. 

13. 

Pancreas. 

19. 

Vertebra. 

25. 

Rectum. 

2. 

Mouth. 

8. 

(Esophagus. 

14. 

Small  intestine. 

20. 

Spinal  cord. 

26. 

Proctodaeum. 

3. 

Tongue. 

9. 

Lung. 

15. 

Ccecum. 

21. 

Blmlder. 

27. 

Allantoic  diverticalimi. 

4. 

Pericardium. 

10. 

Liver. 

Irt. 

Intestinal  loop. 

22. 

Wolffian  duct. 

28. 

Vitello-intttHinal  duct. 

5. 

Pharynx. 

11. 

Bile  duct. 

17. 

I^rge  intestine. 

23. 

Kidney. 

29. 

Fore-brain. 

6. 

Heart. 

12. 

Stomach. 

18. 

Notochord. 

24. 

Ureter. 

30. 

Mid^brain. 

Except  witli  respect  to  the  anterior  part  of  the  fore-gut,  the  changes  in  shap^ 
and  position  which  the  originally  simple  alimentary  tube  undergoes  during  its 
conversion  into  its  final  or  adult  fonn  are  descril»ed  in  the  account  of  the 
development  of  the  digestive  organs ;  but  the  development  of  the  pharynx  and  the 
structures  asscxjiated  with  it,  and  the  formation  uf  the  mouth  and  anus,  may 
lie  considered  now. 

Development  of  the  Pharynx  and  Stomatodseum. — The  development  of  the 
anterior  pirt  of  the  fore-gut  into  the  pharynx  and  the  floor  of  the  mouth  is  so  inti- 
mately associated  with  the  formation  of  a  primitive  mouth,  the  stomatodaeum,  that 
the  two  must  to  a  certain  extent  be  considered  simultaneously. 

The  stomatodfleum  first  appears  as  a  depression  between  the  head  and  the  peri- 
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etidial  r^on.  It  is  produced  by  the  downward  growth  of  the  fore-part  of  the 
head  in  front  and  the  bulging  forward  of  the  pericardium  behind,  and  it  is  separated 
iom  the  anterior  end  of  the  fore-gut  by  the  bilaminar  bucco-pharyngeal  membrane. 
HThen  the  stomatodaeum  first  appears  it  is  not  enclosed  laterally ;  but  at  a  later 
period  side  boundaries  are  formed,  and  the  space  is  developed  into  the  upper  part 
»f  the  mouth  and  the  nasal  cavities. 

The  fore-gut,  a  relatively  wide  space,  continuous  posteriorly  with  the  mid-gut, 
s  at  first  closed  anteriorly  by  the  bucco-pharyngeal  membrane,  which  separates 
it  from  the  stomatodseum.  About  the  fifteenth  day,  in  the  human  embryo,  the  bucco- 
pharyngeal membrane  disappears,  the  fore-gut  is  then  thrown  into  continuity 
with  the  stomatodseal  space,  and  the  anterior  opening  of  the  alimentary  canal 
is  formed. 

As  development  proceeds  the  cavity  of  the  fore-gut  is  gradually  compressed 
dureo-ventrally  until  its  transverse  section  assumes  a  triangular  outline;  but  in 
the  earliest  stages  there  are  no  indications  of  the  various  organs  which  are  ulti- 
mately developed  from  its  walls.  After  a  short  interval,  however,  two  elevations 
ippear  in  its  ventral  wall.  The  anterior  of  these  is  a  rounded  elevation,  termed 
(he  tabercaliiiii  impar.  It  is  situated  directly  behind  the  lower  ends  of  two  raised 
\m  or  arches,  called  the  mandibular  arches,  which  are  growing  down  into  the  floor 
of  the  fore-gut  from  the  anterior  parts  of  its  lateral  walls.  The  tuberculum  impar 
is  the  rudiment  of  the  anterior  two-thirds  of  the  tongue,  which  is  thus  formed  in 
the  floor  of  the  entodermal  portion  of  the  alimentary  canaL  The  more  posterior 
elevation,  termed  the  Aircnla,  is  a  curved  ridge,  which  bounds  a  mesial  longitudinal 
depression.  It  is  separated  from  the  lateral  walls  of  the  fore-gut  and  from  the 
tuberculum  impar  by  a  groove,  the  sinns  arcuatns.  The  anterior  part  of  the  furcula 
is  transformed  into  the  epiglottis  and  the  margins  of  the  upper  aperture  of  the 
larynx ;  the  median  depression  becomes  the  cavity  of  the  larynx  and  of  the  trachea, 
Wfrom  its  posterior  end  hollow  outgrowths  extend  and  form  the  rudiments  of  the 
epithelial  lining  of  the  bronchi  and  lungs.  Still  more  posteriorly,  behind  the  region 
of  the  furcula,  a  dilatation  of  the  fore-gut  is  formed,  which  projects  forwards  and 
downwards  towards  the  pericardium.     This  is  the  first  indication  of  the  stomach. 

Visceral  Clefts  and  Visceral  Arches. — In  the  lateral  wall  of  the  anterior  part 
ot  the  fore-^t,  on  each  side,  four  incomplete  and  more  or  less  transverse  clefts,  the 
vi«eral  clefts,  appear.  They  are  due  to  outward  linear  pouchings  of  the  entoderm, 
and  corresponding,  but  less  marked,  inward  depressions  of  the  ectoderm.  The 
antt^rior  cleft  is  the  best  marked,  and  the  rest  diminish  in  size  from  before  back- 
wards. At  the  bottoms  of  the  clefts  the  ectoderm  and  the  entoderm  are  in  contact, 
I'Ut  the  thin  membranes  thus  formed,  which  intervene  between  the  cavity  of  the 
f^jre-gut  and  the  exterior,  are  only  exceptionally  and  abnormally  perforated  in  the 
human  subject,  though  in  lower  vertebrates  they  invariably  disappear,  and  the 
pharyngeal  or  anterior  part  of  the  fore-gut  is  thrown  into  continuity,  laterally, 
*ith  the  exterior  by  a  number  of  narrow  slits,  the  gill  slits,  whicli  are  used  for 
respiratory  purposes.  In  man  and  other  mammals,  however,  the  floors  of  the 
second,  third,  and  fourth  clefts  are  utilised  in  the  formation  of  the  sides  of  the 
wck ;  that  of  the  first  cleft  is  transformed  into  the  tympanic  membrane,  which 
^{«rat^s  the  external  auditory  meatus  from  the  cavity  of  the  tympanum. 

In  the  further  consideration  of  the  fate  of  the  visceral  clefts,  it  must  be  borne 
n  mind  that  each  consists  of  an  inner  or  entodermal  portion  and  an  outer  or  ecto- 
lermal  portion.  The  inner  part  of  the  first  cleft  is  converted  into  the  tympanum 
ind  the  Eustachian  tute,  and  the  outer  part  becomes  the  external  auditory  meatus. 
*Co  traces  of  the  outer  part  of  the  second  cleft  are  left,  but  a  portion  of  the  inner 
iart  can  1^  recognised  as  a  slight  depression  above  the  tonsil  in  the  lateral  wall  of 
he  pharynx  and  in  a  recess,  the  fossa  of  Kosenniuller,  behind  the  pharyngeal  end  of 
he  Eustachian  tul)e.  Both  the  outer  and  inner  portions  of  the  third  and  fourth 
■lefts  disiippear,  but  from  their  inner  parts  diverticula  are  given  off  wliich  form 
:he  ruiliments  of  the  thymus  and  the  lateral  lol)es  of  the  thyroid  body.  The 
iiverticula  from  which  the  thymus  is  developed  are  derived  from  the  third  clefts, 
i^hilst  each  lateral  lobe  of  the  thyroid  body,  in  the  majority  of  mammals,  is  formed 
by  a  diverticulum  from  the  fourth  cleft,  but  in  some  mammals  the  lateral  lobes  are 
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derived  from  the  median  diverticulum,  and  the  outgrowths  from  the  posterior  pi 
of  tlie  fourth  clefts  constitute  the  post-branchial  bodies. 

The  margins  of  the  visceral  clefts  are  thickened  by  the  growth  of  the  mesode 
between  the  entodermal  and  ectodermal  layers,  and  they  are  moulded  into  a  sei 
of  five  rounded  bars,  the  visceral  arches,  of  which  the  fifth  is  not  recognisa 
externally,  though  it  is  easily  seen  internally.  The  dorsal  extremities  of  the  arc! 
terminate  at  the  sides  of  the  head  below  the  level  of  the  neural  tube,  and  in  1 
early  stages  the  ventral  ends  rest  upon  the  i)ericardial  region.  Wlien  the  neck 
formed,  it  grows  forwards  from  the  pericardial  region  and  carries  with  it  the  lo\ 
ends  of  tlie  visceral  arches,  which  henceforth  terminate  in  its  ventral  wall.  As  1 
visceral  arches  are  carried  forwards  the  head  is  strongly  curved  towards  the  vent 
aspect,  and  the  lower  ends  of  the  visceral  arches  are  pushed  backwards  over  e£ 
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'  "  fourth    is   ov 
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third,  and  i 
third  by  t 
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The  first  a 
is  the  man 
])ular,  the  sea 
the  liyoid, 
third  the  thj 
hyoid;  thefou 
and  fifth  liave 
special  desig 
tions.  Each  a 
is  covered — 
tern  ally  by  e< 
derm,  int^rnj 
by  entoderm,, 
its  core  is  fori 
of  mesoderm 
which  there 
developed  a 
of  cartilage  i 
a  blood  -  ve 
called  a  ceph 
aortic  arch. 

At  first  e 
arch  is  limite< 
the  side  wal 
the  fore-gut ; 
after  a  time  i 

prolonged  into  the  ventral  wall,  encroaching,  with  the  exct;ption  of  the  first,  u 
the  sinus  arcuatus. 

The  first,  or  mandibular  arch,  is  formed  between  the  first  visceral  cleft  and 
buccu-})liarynge^l  meml)rane.      As   it   develops   it    forms  the  lateral   and   lo 
boundaries  of  the  stoniatodieal  space,  and  it  grows  downwards  till  it    meets 
fellow  of  the  opposite  side  in  the  ventral  middle  line,  immediately  in  front  of 
tuberculum  impar.     The  greater  part  of  this  arch  is  converted  into  the  lower  , 
and  the  soft  tissues  which  invest  it.     From  its  upper  part  a  process  grows  forwa: 
the  maxillary  process,  from  which  the  upper  lateral  part  of  tlie  face,  between 
orbit  and  the  mouth,  is  develoj^d,  and  in  which  the  superior  maxillary,  the  ma 
and  the  palate  bones,  and  possibly  the  internal  pterygoid  plate  also,  are  develo' 
and  ossified. 

From  the  posterior  border  of  the  outer  aspect  of  the  mandibular  arch  the  tra 
and  a  i)ortion  of  the  helix  of  the  pinna  of  the  external  ear  are  formed.  The  ca 
laginous  bar  in  its  interior  is  known  as  Meckel's  cartilage.     It  forms  the  primil 
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:jO.--Stai;es  in  thk  Formation  of  the  ToN(;ue  and  UrrER  AI'Euture  ok  the 
Lauynx  in  the  Htm  an  Embryo  (after  His). 

Embryo  14  <lays  old.     II.  Embryo  23  days  old.      III.   Embryo  28  to  30  days  old. 
IV.  Eiiibrvo  2  montljH  old. 
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columnar  or  cubical  epithelium,  or  as  cords  of  cells,  and  these  occasionally  undeigo 
abnormal  development,  forming  tumours  at  the  base  of  the  tongue  or  in  the  iippar 
part  of  the  neck. 

The  portion  of  the  sinus  arcuatus  which  lies  behind  the  ponjoined  lower 
extremities  of  the  second  and  third  arches  of  opposite  sides,  and  in  front  of  the 
furcula,  persists  in  a  modified  form  in  the  adult,  and  is  recognisable  as  glosso- 
epiglottidean  pouclies  or  valleculse  at  the  base  of  the  tongue. 

The  furcula  and  the  groove  in  the  ventral  wall  of  the  fore-gut,  which  it  embraca 
antero-laterally,  are  both  of  considerable  importance.     The  anterior  part  of  the 
furcula  is  situated  in  the  ventral  wall  of  the  pharyngeal  portion  of  the  fore-gut,  but 
its  backward  prolongations  and  the  furrow  between  them  lie  in  what  may  be 
termed  the  intermediate  part  of  the  fore-gut,  that  is,  in  that  part  of  the  fore-gut 
which  intervenes  l)etween  the  pharyngeal  and  stomach  regions.     Gradually  the 
furrow  deepens,  and  its  posterior  extremity  dilates  on  each  side.     Afterwards  the 
margins  of  the  furrow  coalesce  from  behind  forwards,  and  in  this  manner  the 
cavity  of  the  furrow  is  separated  from  the  fore-gut,  its  walls  are  converted  into  the 
trachea  and  the  lower  part  of  the  larynx,  whilst  the  diverticula  which  are  projected 
from  its  posterior  end  form  the  rudiments  of  the  bronchi.      The  fusion  of  the 
margin  of  the  furrow  ceases  a  short  distance  behind  its  anterior  extremity,  which 
latter  persists  as  the  superior  aperture  of  the  larynx.     The  anterior  part  of  the 
furcula,  which  bounds  this  aperture  in  front,  becomes  the  epiglottis,  and  its  lateral 
extensions,  which  form  the  margins  of  the  aperture,  are  converted  into  the  aryteno-' 
epiglottidean  folds  in  the  substance  of  which  the  arytenoid  cartilages  and  th© 
cartilages  of  Santorini  and  Wrisberg  (cuneiform  cartilages)  are  formed. 

DEVELOPMENT  OF  THE  MOUTH  AND  THE  NOSE. 

The  nose  is  formed  entirely  from  the  stoma todaeum.  The  mouth  has  a  doul>l^ 
origin  ;  the  roof  and  fore-part,  including  the  teeth,  are  developed  from  the  stomat^^ 
dffium,  wliilst  the  floor  and  the  tongue  are  developed  from  the  pharyngeal  portion  ^' 
the  fore-gut. 

It  has  already  been  pointed  out  (p.  34)  that  the  stomatodseal  depression  li^^ 
between  the  anterior  part  of  the  head  {i,e,  the   tissues  forming  the  base  of  th»^ 
primary  fore-brain)  and  the  pericardial  region,  and  that  it  is  separated  posteriorly 
from  the  fore-gut  by  the  bucco-pharyngeal  membrane.     At  first  it  has  no  distinct 
lateral  boundaries,  but  subsequently  the  mandibular  arches,  which  are  develoi)ed  at 
the  sides  of  the  bucco-pharyngeal  membrane,  project  forward  beyond  the  membrane 
and  form  lateral  limits  of  the  depression.     If  the  stomatodseal  space  is  examined. 
from  the  front  at  this  period  the  following  boundaries  are  recognisable : — Above  and 
in  front  is  the  projecting  anterior  part  of  the  head  whicli  is  termed  the  fronto-nasal 
inrocess,  laterally  are  the  mandibular  arches,  and  below  and  posteriorly  is  the  anterior 
part  of  the  pericardial  region.     After  a  short  time  the  lower  ends  of  the  mandibular 
arches   meet   in  front  of  the  i>ericardial  region,  and,  fusing   together,   form   the 
posterior  or  lower  margin  of  the  aperture ;  simultaneously  the  lateral  boundaries  of 
the  space  are  still  further  completed  by  the  forward  growth  of  a  nodular  projection, 
the  maxillary  process,  from  the  upper  end  of  each  mandibular  arch.     About  the 
fifteenth  day  the  bucco-pharyngeal  membrane  disappears,  and  the  stomatodaeal  space 
and  pharynx  are  thenceforth  continuous.     No  trace  of  the  bucco-pharyngeal  mem- 
brane is  recognisable   in  the  adult,  but  its   position  may  be   represented  by  an 
imaginary  plane  extending  from  the  anterior  part  of  the  basi-sphenoid  above  to  the 
base  of  the  alveolar  process  of  the  lower  jaw,  on  its  lingual  surface,  below. 

Whilst  the  boundaries  of  the  stomatodaeal  space  are  being  defined,  two  oval 
depressions,  lined  with  thickened  epithelium,  apjDcar  in  its  upper  boundary  on  the 
lower  and  anterior  surftices  of  the  fronto-nasal  process ;  these  are  the  olfactory  pite 
or  depressions.  A  ^wrtion  of  the  epithelium  of  their  walls  is  separated  ofifand  takes 
part  in  the  formation  of  the  olfactory  bulbs,  whilst  tlie  remainder  is  transformed 
into  the  olfactory  epithelium,  from  which  the  olfactory  nerve-fibres  grow  inwards 
to  the  olfactory  bulbs.  As  the  olfactory  pits  deepen  they  grow  backwards  into  the 
roof  of  the  stomatodaeal  space,  and  at  the  same  time  they  separate  the  lower  portion 
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upon  the  globular  processes,  and  ultimately  their  upper  borders  and  anterior  ex- 
tremities fuse  with  the  lateral  nasal  and  globular  processes,  completing  the  lower 
boundaries  of  the  anterior  nasal  orifices  and  the  lateral  ])art8  of  the  primitiTe 
upper  lip.  At  the  same  time  tlie  oculo-nasal  sulci  are  converted  first  into  solid 
cords  of  cells,  and  afterwards  into  the  lachrymal  sacs  and  the  nasal  ducts,  which 
henceforth  constitute  the  channels  of  communication  between  the  conjunctival 
sacs  and  the  nose. 

The  result  of  the  ingrowth  of  the  maxillary  processes  and  their  fusion  with  the 
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1.  Portion  of  the  liciul  ami  neck  of  a  human  embryo  32  «lnys  old.  The  tloi»r  of  tlie  mouth  and  pliarynx  and 
the  ventral  ]iart  of  llie  ;inti-ri<»r  portion  of  the  hcnly  have  been  remo\cd.  Hy  the  approximation  of  the 
globuhir  and  maxillary  prnresjsea  the  boundaries  of  the  anterior  nares  are  almost  complete,  but  the 
olfact«^ry  pits  still  open  in  the  whole  of  their  lengths  into  the  roof  of  the  mouth  ^from  His). 

If.  Transverse  seelii»n  of  tiie  heail  of  an  embryo,  sliowin;/  tlje  close  apposition  of  the  globular  and  maxillary  • 
proiessL-s. 

III.  lieail  of  human  embryo  almut  2  months  old,  showing  the  union  of  the  globular  jaoccsses  and  their  fuiiioii 

with  the  maxilhiry  pro<e>Nefj.     The  anterior  ija'«al  apertures  are  now  completely  detined  (from  His). 

IV.  Transvi-r^e  sertiou  of  the  head  "f  an  embryo,  showing  the  fusion  of  the  maxillary  processes    with  the 

globular  proce.xM's.  and  the  separation  anteiiorly  of  the  nose  from  the  mouth. 

lateral  nasal  and  globular  proces.ses  is  the  division  of  I  Ik.'  largf^  oritice  which  led  into 
the  stouiatodival  h^pace  into  three  parts — a  large  lower,  and  two  smaller  upper  aper- 
tures. The  lower  opening  is  the  aperture  of  the*  mouth ;  it  is  bounded  below  by 
the  united  mandibular  arches,  and  above  by  the  fused  mesial  nasal  and  maxiUary 
processes.  The  smaller  ii])per  openings  arc  the  anterior  nares,  which  on  their  first 
formation  arc  merely  foramina  of  communication  1  between  the  exterior  and  the 
upper  part  of  the  stomatodieal  space;  the* latter  is  not  yet  separat(»d  into  nasal  and 
oral  chaml>ers. 

Formation  of  the  Palate  and  the  Separation  of  the  Nasal  and  Buccal 
Cavities. — This  sej^aration  is  eflected  by  the  formation  of  the  palate,  which  is 
deveh»Yjed  to  a  slight  extent  by  the  backward  growth  of  the  globular  processes 
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The  outer  part  of  the  cleft  is  moulded  iuto  the  external  auditorj'  passage, 
reiiiaius  relatively  shallow  and  devoid  of  bony  boundaries  till  aft^r  birth,  but 
the  su])cutaneuus  tissue  round  the  lower  margin  of  the  tympanic  membrane  i 
incomplete  ring  of  bone  is  formed  during  the  third  mouth,  and  at  an  earlier  peric 
above  the  upper  part  of  that  membrane,  the  rudiment  of  the  squamous  i>art  of  t| 
temporal  bone  a})pear8.  To  the  outer  side  of  the  tympanic  ring  in  the  8ul)cutaueon 
tissue  of  the  pinna  and  the  outer  part  of  the  external  auditory  passage  three  piece 
of  cartilage  appear,  and  they  afterwards  join  to  form  the  cartilage  of  the  pinna  am 
the  external  auditory  meatus. 

After  birth  the  external  meatus  is  deepened  by  the  outgrowth  of  the  tympanic 
ring  below  and  of  the  squamous  part  of  the  temporal  bone  above,  together  with  I 

coincident  in- 
creases of  the  outei 
part  of  the  canaL 
The  tympiiii 
cavity  and  Um 
Enstachian  tnlM 
are  both  formed 
from  the  innei 
part  of  the  fini 
visceral  cleft,  ad 
consequently  thej 
are  both  lined  lij 
entoderm. 

The  tympani 
cavity  is developei 
from  the  dorsal  o 
upper  end  of  thi 
portion  of  theclef 
and  it  isprolonge 
upwards  on  tl 
outer  side  of  tl 
otic  vesicle  whic 
simultaneous] 
descends  in  tl 
tissues  of  the  hea 
Thus  the  upp 
end  of  the  inn< 
portion  of  the  del 
which  issomewhi 
dilated,  comes  1 
lie  between  tl 
otic  vesicle,  whic 
is  developed  into  the  internal  ear  on  the  inner  side,  and  the  tympanic  membrai 
which  sepiirates  it  from  the  external  auditory  meatus  on  the  outer  side,  and 
remains  in  the  adult  as  a  laterally  compressed  space,  the  tympanic  cavity,  whic 
is  continuous  through  the  Eustachian  tube  with  the  upper  part  of  tlie  pharynx.  1 
the  mesoderm  round  the  iimer,  upjier,  and  Imck  part  of  the  cavity  the  petrous  part  < 
the  temporal  \youc  is  develojied  and  ossified,  and  in  the  lower  and  anterior  part  tl 
tympanic  ossification  extends  outwards  during  the  formation  of  the  tympanic  plat 

The  upper  j){irt  of  the  tympanic  s juice  is  [prolonged  backwards  between  the  ossify ii 
[Xitrous  and  sijuauiijus  parts  of  the  teuiporal  bone,  where  it  forms  a  recess  known  in  tl 
adult  as  the  mastoid  antrum,  from  which  at  a  later  period  diverticuhi  are  projected  in 
the  mastoid  portion  of  the  tcmi)oml  Ijone,  forming  the  mastoid  air  cells. 

The  lower  portion  of  the  inner  part  of  the  cleft  is  moved  obliquely  forward 
As  development  proceeds  it  is  contracted  and  carried  downwards  tand  forwards  i 
front  of  the  developing  otic  vesicle.  It  is  the  rudiment  of  the  Eustachian  tub 
and,  as  the  septum  which  f-eparates  the  nasal  chambers  from  the  mouth  is  forme 


Fuj.  30.  -Kn;uuE8,  modified  from  His,  illustratinc;  the  Formation  ok 
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litB  lover  end  attains  a  position  just  behind  and  at  the  side  of  the  posterior  narial 
fflrifice  in  the  upper  and  lateral  part  of  the  pharynx.  Apparently,  therefore,  the 
(inrerendof  the  Eustachian  tube  has  a  much  higher  position  than  that  originally 
jflocajHed  by  the  lower  end  of  the  cleft  from  which  it  is  formed,  for  it  will  be 
|iWD«nbered  that  the  lower  end  of  the  first  visceral  cleft  is  situated,  in  the  early 
litages,  at  the  side  of  the  tuberculum  impar  from  which  the  anterior  two-thirds  of 
jtbe  tongue  is  formed.  This  alteration  in  relative  position  is  due,  however,  not  to 
lAvation  of  the  lower  end  of  the  first  visceral  cleft  during  its  transformation  into 
I tbe  Eostachian  passage,  but  to  the  enormous  downgrowtli  of  the  mandibular  arches, 
^fhieh  earn-  w^th  them  the  tongue,  as  they  enlarge  to  form  the  lower  jaw. 

THE  HIND-GUT,  THE  ANAL  PASSAGE,  AND  THE  POST-ANAL 

OE  TAIL-GUT. 

By  the  formation  of  the  mouth  the  primitive  alimentary  canal  opens  anteriorly  ; 
it  remains  closed  posteriorly  uutil  a  later  date,  when  the  anal  passage  and  orifice 
m  developed. 

Tbe  posterior  end  of  the  hind-gut  which  is  enclosed  in  the  tail-fold  is  termed 
tbe  cl<xica.  The  cloaca  is  dilated,  and,  assuming  a  conical  form,  receives  the 
Imninatious  of  the  gen i to-urinary  ducts.  It  is  bounded  postero-inferiorly  by  the 
doicil  membrane  which  extends  from  the  root  of  the  tail  to  the  body  stalk  by  which 
the  embryo  is  attached  to  the  chorion.  The  cloacal  mem])rane  is  modified  I'rom  the 
posterior  part  of  the  primitive  streak ;  this  remains  on  the  surfjice  of  the  body  after 
the  anterior  i)art  has  Ijeen  separated  and  enclosed  during  the  completion  of  the 
posterior  part  of  the  neural  canal,  and  it  forms  a  septum  ])etween  the  cavity  of  the 
chica  and  the  exterior.  It  consists  at  first  of  ectoderm  and  entoderm  alone,  and 
it  is  only  at  its  lower  and  anterior  part  that  it  is  subsequently  invaded  to  a  slight 
extent  by  mesoderm. 

During  the  second  month  of  intrauterine  life  the  cloaca  is  divided  into  a  ventral 
>r  genit«i-urinar)%  and  a  dorsal  or  rectal  section,  by  the  formation  and  fusion  of 
itend  folds,  which  gradually  unite,  from  before  backwards,  till  finally  the  posterior 
nd  of  the  septum  approaches  and  fuses  with  the  cloacal  membrane,  and  the 
ectum  is  separated  from  the  genito-urinary  chamber.  Before  this  separation 
'Completed  an  eminence  appears  in  the  region  of  the  anterior  part  of  the 
I'jacal  membrane  at  the  junction  of  the  ventral  surface  with  the  posterior 
itremity  of  the  body,  i.e.  in  that  part  which  afterwards  ):)ecomes  the  region  of  the 
Tmphysis  pubis.  This  eminence  is  the  genital  eminence,  and  from  it  are  formed 
be  i^nis  in  the  male  and  the  clitoris  in  the  female.  Tbe  genital  (eminence  is 
srrkunded  by  an  oval  fold  of  skin,  genital  fold,  which  extends  from  the  front  of 
h^  ».'min«*nce  to  the  root  of  the  tail  and  encloses  a  shallow  fossa,  the  cloacal  fossa, 
X  ihe  l>ottom  of  which  is  the  cloacal  membrane.  The  posterior  part  of  the  cloacal 
'wsa  is  aft«»rwards  s<.^parated  from  the  anterior  part  by  a  transverse  fold,  the  perineal 
tid.  which  crosses  the  external  surface  of  the  cloacal  membrane  in  a  ])Osition  which 
«CTespond.s  internally  with  that  occupied  by  the  lower  end  of  the  septum  sei>arating 
iif  i^enito-iirinary  from  the  rectal  ])ortions  of  the  cloacal.  The  posterior  ])art  o\' 
lie  «:loa4:*al  fo.s.'ta,  behind  the  transverse  fold,  is  the  proctodieal  depression  or 
ffoctodcom ;  at  first  its  long  axis  lies  transversely,  afterwards  it  assumes  a 
ri;iQ;:ukr  and  then  a  circular  form,  the  sphincter  ani  muscle  develops  in  its  w^alls, 
Lihl  it  i-"*  transformed  into  the  greater  part,  if  not  the  whole,  of  the  anal  canal  of 
rie  adult.  It  is  st^p^irated  from  the  rectum  by  the  ])osterior  part  of  the  cloacal 
i4?inbrane,  but  when  that  disappears,  at  a  datt^  which  has  not  yet  been  definitely 
i-uertaiue<i,  but  probably  about  the  third  month,  the  anal  passage  forms  tlie  canal 
y  which  the  rectum  communicates  with  the  exterior  of  the  body. 

Tli»'  *.»rifices  of  the  aUmentar}'  canal  are  thus  completed. 

The  Post-anal  or  Tail-Gut. — When  the  hind-gut  is  first  enclosed  there  is  no  tail, 
at  :a  nidimentary  tail  is  subseijuently  developed  as  an  outgrowth  from  the  dorsal  end  of 
iie  uil-fold,  t\e.  from  the  posterior  extremity  of  the  body  of  the  embrvo.  As  the  tail  is 
(•noed,  a  narrow  tube,  which  communicates  in  front  with  the  hind-gut,  is  developed 
tilbin  it.     This  is  called  the  post-anal  or  tail-gut.      As  a   rule  it  only  exists  for  a  short 
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time,  disappearing  from  before  backwards  about  the  period  when  cartilage  begins  t 
formed  in  the  body  and  limbs,  and  before  the  cloaca  is  divided  into  its  rectal  and  ge 

urinary  portions.  In  the  few  cases  in  which  it  pei 
it  retains  its  continuity  with  the  rectum,  whic 
formed  from  the  dorsal  part  of  the  cloaca. 

The  tail-gut  appears  in  the  human  subject  i 
the  embryo  is  3  mm.  long,  and  the  rudimentary  ti 
just  visible  as  a  small  nodule.  When  the  em 
attains  the  length  of  4*8  mm.  the  anterior  pa 
the  tail-gut  begins  to  degenerate,  its  cavity  disapp 
and  it  is  converted  into  a  solid  cord  of  cells  whu 
still  attached  in  front  to  the  hind-gut.  In  eml 
11  *5  mm.  long,  when  the  tail  has  been  enclos^  ii 
posterior  part  of  the  body,  the  connexion  of  the 
gut  with  the  hind -gut  is  lost,  and  the  tail-gi 
represented  by  a  small  vesicle  with  a  short  cor 
degenerating  cells  attached  to  its  anterior  part. 

In  larger  embryos  the  tail-gut  entirely  disapp 
When,  as  in  the  human  subject,  the  rudimentary  tt 
eventually  embedded  in  the  posterior  end  of  the  t 
any  rudiments  of  the  tail -gut  which  persist  wil 
found  in  this  situation ;  it  is  stated  that  such  : 
ments  occasionally  develop  into  tumour  format 
In  mammals  with  free  tails,  rudiments  of  the  tai 
may  be  met  with  in  any  part  of  the  tail,  and  appan 
the  anterior  portion  occasionally  persists  and  maini 
its  connexion  with  the  rectum,  from  which  it  ext 
backwards  as  a  narrow  and  blind  diverticuhmi. 

THE   LIMBS. 

Though  the  body  of  the  embryo  begins  to  ass 
definite  form  as  soon  as  it  is  folded  and  nippe 
from  the  re^t  of  the  ovum,  it  does  not  present 
distinguishable  human   characteristics    until 
anterior  and  posterior  limbs  are  formed.     Then 
no   traces  of  these  before  the  third  week  of 
trauterine  life  when  two  longitudinal  ridges, 
Fio.  37. -Diagrams  siiowing  the  sei>ar».  WollBan  ridges,  are  developed,  one  on  each  lal 
tion  of  the  cioacai  part  of  the  hind-  surface  of  the   body,  just   external    to  the  0 
gut    into    genito-urinar>'    tract    and  margins  of  the  mesodermic  somites,  and  opp 

the  fine  of  the  intermediate  cell  mass.  The  i 
ments  of  the  fore-  and  hind-limbs  are  discern 


rectum. 


A.  AlUintoic  stalk. 

B.  Bladder. 

C.  Cloaca. 
CM.  Cloacal  membrane. 
K.      Kidney. 
K.      Rectum. 


U.      Ureter. 
Ur.     Urethra. 

VS.'  v>«icuin"mi-  almost  from  the  first,  as  slight  prominences  of 


wD.  Wolffian  duct.  Wolffian  ridges,  and  in  the  fourth  week  they  pr< 
as  bud-like  outgrowths  in  the  thoracic  and  p 
regions  respectively.  The  development  of  the  fore-limb  or  arm  is  througl 
slightly  in  advance  of  that  of  the  hind-limb  or  leg.  At  the  fourth  week 
limb-bud  is  a  flattened  semilunar  projection,  as  long  as  it  is  broad,  with  a  d< 
and  a  ventral  surface  and  an  anterior  or  preaxial,  and  a  posterior  or  posti 
border.  As  growth  proceeds  the  elongating  limb-buds  are  bent  ventrally,  am 
the  fifth  week  two  transverse  furrows,  on  the  ventral  aspect  of  each,  indicate 
positions  of  the  joints  and  the  division  of  each  limb  into  three  segments — di 
middle,  and  proximal — representing  the  hand,  fore-arm,  and  arm  in  the  upper  1 
and  the  foot,  leg,  and  thigh  in  the  lower  limb.  The  terminal  or  distal  segna 
are  broad,  flat  plates  with  rounded  margins,  but  each  is  soon  divided  into  a  & 
what  enlarged  basal  part,  and  a  thinner  and  more  flattened  marginal  part, 
where  these  two  parts  are  continuous  that  the  rudiments  of  the  digits  ap; 
They  become  distinguishable  about  the  end  of  the  fifth  week  as  small  lobes  w 
gradually  extend  outwards.  In  the  fore-limb  the  fingers  project  beyond  the  ma 
of  the  hand-segments  in  the  sixth  week,  but  the  toes  do  not  reach  the  margii 
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the  foot  dll  the  early  part  of  the  seventh  week.     The  nails  appear  at  the  third 

lA,  and  reach  the  ends  of  the  digits  at  the  sixth  month. 

Ib  the  primary  position  of  the  limbs  the  elbow  and  the  knee  appear  alike  to  be 
ineted  outwards,  but  this  is  soon  altered.  At  the  end  of  the  sixth  week  each 
Mh  undergoes  a  partial  rotation,  the  direction  of  which  is  different  in  the  fore-  and 
ttid-Hmbs  respectively.  In  the  former  the  elbow  is  turned  backwards,  the  ventral 
v&oe  therefore  becomes  anterior,  and  the  preaxial  (thumb)  margin  is  directed 
liAwuds;  in  the  hind-limb  the  knee  is  turned  forwards,  and  the  ventral  surface  of 
is  limb  becomes  posterior,  whilst  the  preaxial  (great  toe)  margin  is  directed 
biuds;  thus  in  the  adult  the  anterior  surface  and  outer  border  of  the  upper 
gtimitj  correspond  with  the  posterior  surface  and  inner  border  of  the  lower 
■tnmitf ,  whilst  obviously  the  posterior  surface  and  inner  border  of  the  former 

homologous  with  the  anterior  surface  and  outer  border  of  the  latter. 

Eich  limb-bud  may  be  regarded  as  an  extension  from  a  definite  number  of  the 
mnentsof  the  body;  it  contains  a  core  of  mesoderm,  and  the  anterior  or  ventral 
divisions  of  the  corresponding  spinal  nerve  segments  are  apparently 
"  into  it 

The  central  part  of  the  mesoderm,  except  in  the  regions  of  the  joints  where 
appear,  is  condensed  and  then  converted  first  into  cartilage,  and  afterwards 
iDboae.  The  proximal  part  of  the  bony  skeleton  of  each  limb,  the  limb  girdle, 
liot,  however,  developed  in  the  limb-bud,  but  in  the  body- wall  at  its  base.  The 
loperficially  situated  mesoderm  is  transformed  into  muscles  and  subcutaneous 
8,  the  extensor  muscles  appearing  on  the  dorsal  and  the  fiexor  muscles  on  the 
itttnd  aspect 

At  the  nerve  trunks  pass  into  the  free  portion  of  the  limb  they  bifurcate,  the 
iiDches  passing  respectively  to  the  dorsal  or  extensor  aspect  of  the  limb,  and  to 
Ik  ventral  or  flexor  aspect 

Apparently  in  mammals  the  whole  of  the  mesodermal  core  of  each  Umb-bud  is 
hnned  from  the  somatic  mesoderm  of  the  lateral  plates.  If  this  is  the  case  the 
of  the  limbs  differ  in  origin  from  those  of  the  back,  for  the  latter  are 
iwdoped  from  the  muscle  plates  of  the  protovertebral  somites.  In  lower  verte- 
fcto  (cartilaginous  fishes)  buds  are  given  off  to  the  limbs  from  the  muscle  plates 
ittdcQtaneous  lamellae  in  the  thoracic  and  pelvic  regions,  and  as  the  muscle  plates 

E downwards  in  the  somatopleure  towards  the  ventral  aspect  of  the  body,  these 
grow  outwards  into  the  limb-rudiments  and  develop  into  the  muscles  of  the 
hk.  Presumably  this  is  the  more  primitive  arrangement,  and  that  met  with  in 
;im  and  other  mammals  is  secondary,  and  it  is  stated  that  although  no  distinct 
lA  from  the  muscle  plates  pass  into  the  limbs  of  mammals,  nevertheless  the 
ii-muflcles  are  formed  by  cells,  proliferated  from  the  muscle  ])late8,  which  have 
■piled  into  the  somatopleural  mesoderm  of  the  limbs. 


THE  NUTRITION   AND   PROTECTION   OF  THE  EMBRYO 
DURING   ITS   INTRAUTERINE   EXISTENCE. 

lie  impregnated  ovum  during  its  passage  down  the  Fallopian  tube,  and  for  a 

■rfperiod  also  after  it  enters  the  uterus,  lives  either  on  the  yolk  granules  (deuto- 

|l*n^  embedded  in  its  own  cytoplasm,  or  upon  material  absorbed  from  the  Huids 

f  »hieh  it  is  surrounded.     The  human  ovum  is  very  small,  and  consequently  it  is 

f^  from  the  first  dependent  for  its  nutrition  upon  sources  of  supply  outside 

W    The  urgent  necessity  for  adequate   arrangements  whereby  this   may   be 

•fcied  leads   to    that   early  establishment   of  an    intimate  vascular  connexion 

kftJeen  the  embryo  and  the  mother  which  is  so  characteristic  a  feature  in  tlie 

'wrfopment  of  the  human  ovum.     At  the  end  of  the  second  week,  after  fertilisa- 

*fiof  the  ovum,  the  embryo  is  separated  by  a  slight  constriction  from  the  rest  of 

fc  blastodermic  vesicle,  and  already  a  primitive  heart  and  rudimentary  blood- 

••rts  are  distinguishable. 

The  development  of  the  vascular  system,  and  the  establishment  of  the  fcetal 
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circulatiou,  however,  cannot  well  be  understood  until  the  formation  and  struct 
features  of  the  group  of  closely  associated  extra-embryonic  organs  or  append 
have  been  considered. 

This  group  includes  the   yolk-sac,  the  chorion,  the  amnion,  the  allantoiSi  i 
the  placenta. 

THE   FCETAL  MEMBRANES   AND   APPENDAGES. 

Yolk-Sac  or  Umbilical  Vesicle. — That  portion  of  the  blastodermic  ca? 
and  its  wall  which  is  not  included  in  the  body  of  the  embryo  to  form  the  primit&j 
alimentary  canal  constitutes  the  umbilical  vesicle  or  yolk-sac.     Its  walls,  likeT 
cavity,  are  continuous  with  the  corresponding  parts  of  the  intestine,  and 
structural  features  are  identical,  there  being  an  inner  layer  of  entodermal  cellB  i 
an  outer  layer  which  is  formed  by  the  splanchnic  layer  of  the  mesoderm. 

In  the  human  embryo  the  yolk-sac  is  a  small  flask-like  body,  suspended  ; 
the  ventral  wall  of  the  alimentary  canal  by  a  hollow  stalk,  the  vitello-int 
duct,  which  passes  through  the  umbilical  orifice.     It  lies  in  the  extra-embr 
continuation  of  the  body-civity  (ccelom),  and  is  filled  with  fluid.     Possibly! 
contents  of  the  yolk-sac  are  utilised  in  the  nutrition  of  the  embryo  in  its  earS 
stages,  and  the  first  rudiments  of  the  blood  vascular  system,  viz.  l>lood  corpu 
and  vessels,  appear  in  its  walls.     In  the  human  embryo,  however,  it  is  of 
nutritional  importance ;  it  soon  atrophies  and  almost  entirely  disappears,  but 
traces  of  its  existence  in  the  umbilical  cord. 

Amnion. — Tlie  anmion  is  a  protective  sac  which  surrounds  the  embrya 
is  formed,  after  the  development  of  the  ccelom,  from  the  amniotic  area 
l)lii8toderm,  and  its  wall  is  continuous,  at  the  margins  of  the  umbilical  orifice, ' 
the  body- wall  of  the  oml)ryo.  Both  walls  consist  of  a  layer  of  ectoderm  an 
layer  of  somatic  mesoderm,  but  whilst  in  the  body-wall  the  ectoderm  is  ext 
and  the  mesoderm  internal,  the  relative  positions  of  tlie  layers  are  reversed  in 
amnion,  the  mesoderm  being  external  and  the  ectoderm  internal. 

The  cavity  enclosei  between  the  amnion  and  the  embryo,  the  amniotic  cat 
is  filled  with  fluid,  the  amniotic  fluid,  in  which  the  embryo  floats.     The 
cavity  is  quite  shut  off  for  some  time  from  all  the  neighbouring  spaces,  but  i 
the  disai)pearanc«  of  the  biicco-pharyngeal  and  cloacal  membi*anos  it  communi 
both  anteriorly  and  posteriorly,  with  the  alimentary  canal  of  the  embryo. 

Tht^  development  of  the  amnion  in  mammals  is  closely  associated  with 
attachment  of  the  ovum  to  the  uterine  wall  and  with  the  subsequent  formatiaai| 
the  placenta.  Thus  in  the  carnivora,  before  the  ctelom  is  formed,  the  ectoderm  f 
the  chorionic  area  ]>ecomes  attached  to  the  uterine  tissues  by  small  villous 
growths  which  invade  the  uterine  mucous  membrane.  This  attachment  is  ] 
complete  in  the  placental  region,  that  is,  around  the  margins  of  tlie  amniotic  i 
As  the  embryo  is  folded  otf  from  the  blastoderm  and  the  ccelom  develops,  both  tlH 
embryo  and  tlie  amniotic  area  remain  quite  free  from  the  uterine  tissues,  indeed,  j| 
may  V)e  said  that,  at  this  period,  the  eml.>ryo  is  suspended  from  the  margins  of  Uii 
placental  area  by  the  amniotic  membrane. 

As  development  proceeds  the  amniotic  area  increases  in  extent  by  interstitial 
growth,  and  thereupon  the  embryo,  the  membrane  which  suspends  it  being  relaxed 
sinks  more  and  more  into  the  interior  of  the  ovum,  or,  to  be  more  precise,  into  tll 
ccelomic  space,  which,  in  the  meantime,  has  considerably  increased.  At  the  8MBi 
time  the  growth  of  the  ])lacental  area  causes  all  parts  of  its  inner  margin  to  convezgil 
and  as  the  inner  margins  of  the  placental  area  are  continuous  w^th  the  oatili 
margins  of  the  amniotic  membrane,  the  amnion  is  gradually  wirried  over  the  donrf 
surface  of  the  embryo  till  its  margins  meet  and  fuse.  After  the  fusion  of  iH 
margins  the  amnion  separates  entirely  from  the  chorionic  area,  hencefortl 
known  as  the  chorion,  and  forms  a  closed  sac  which  completely  surroundl 
the  embryo. 

On  reference  to  Figs.  21  and  27  it  will  l^e  seen  that  as  the  wall  of  the  blai** 
dermic  vesicle  is  carried  inwards  over  the  dorsal  surface  of  the  embryo  it  is  foil 
the  outer  part  of  the  fold  consists  of  the  chorionic  portion,  and  the  inner  part  of 
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tic  portion  of  the  blastoderm.  The  fold  is  called  the  amnion  fold ;  it  is  quite 
uous  round  the  whole  margin  of  the  embryo,  but  some  parts  of  it  are  more 
^ed  than-  others,  or  in  other   words  the  convergence  of  the  inner  margin 

placental  area  of  the  blastoderm  over  the  dorsal  surface  of  the  embryo  does 

ke  place  at  the  same  rate  or  to  the  same  extent  in  all  parts.     For  convenience 

^hption  it  is  usual  to  divide  the  amnion  fold  into  four  parts — the  cephalic,  the 

i,  and  the  two  lateral  amnion  folds  ;  these,  however,  are  all  continuous  with 

lother. 

le  inner  part  of  the 

'  hich  is  formed  from 

amniotic     area,    is 

1  the  tme  amnion, 

te  outer  part,  formed 

the  chorionic  area, 

alM    amnion.     The 

term  is,  however, 
pnous  with  chorion, 
s  it  is  misleading,  it 
I  be  avoided. 
I  the  amnion  is 
1  from  the  amniotic 
af  the  blastoderm 
±e  extension  of  the 
L,  it  must  consist,  as 
(osly  mentioned,  of 
am  and  somatic 
erm,'and  as  the  sur- 
f  the  amniotic  area 
(rersed  during  the 
tion  of  the  amnion 
it  is  obvious  that  in 
iUy-formed  amnion 
ictodermal  layer  is 
lal  and  the  somatic 
lerm  external. 
I  the  c^se  of  the 
n  ovum  the  phe- 
iia  of  amnion  forma- 
ire  probalJy  practi- 
similar,  except  that 
rum  develops  not  in 
a\ity  of  the  uterus, 
n  the  substance  of 
acous  meml  >rane  into 

I  it  has  penetrated. 
.herefore  surrounded 
B  mucous  membrane 

II  sides,    and    the 

mic  j»art  of  the  surface  of  the  ovum  is  closely  attached  to  the  surrounding 
\  but  the  amniotic  and  embryonic  areas  are  free.  If  this  is  the  case  the  process 
inion  foldin<jj  can  take  place  in  the  human  ovum  exactly  as  in  the  ovum  of  a 
rorous  animal,  the  inner  margin  of  the  chorionic  area  growing  inwards  over 
imiotic  and  embryonic  areas,  the  only  difference  being  that  the  ])rocess  takes 
in  a  cavity  in  the  mucous  membrane  and  not  on  its  surface.  This  conclusion 
pported  by  Slice's  observations  on  human  ova  and  by  those  of  Selenka  on  the 
f  monkeys  and  apes,  but  it  is,  however,  possible  that,  as  in  some  rodents  and 
avora,  the  amnion  cavity  api)eiirs  in  a  mass  of  ectoderm  which  lies  at  the 
fonic  pole  of  the  ovum,  the  mass  being  cleft  by  the  appearance  of  the  cavity 
wmbltfonic  and  amniotic  sections.     The  two  parts  are  then  continuous  at  the 


Fio.  38.— TUANSVERSE  Sections  ok  tue  Uterus  and  Developinq 
Ovum  ok  a  Ferret. 

Showing  the  formation  and  closure  of  the  amnion  fohls,  the  completion  of 
the  amnion,  ami  tlie  coincident  ingrowth  of  the  inner  margins  of  the 
placental  area  of  the  blastoderm. 

A.      Amnion.  EN.  Entoderm. 

AF.   Amnion  fohl  M.  Muscular  wall 
C.      C<*lom.  of  uterus. 

Chorion.  N(i.  Neural  groove. 

Ectoderm.  I*V.  Placental  villus. 


SS. 
SoM. 


Stratum  compactum. 
Stratum  spongiosum. 
Somatic  mesoderm. 


Ch. 

fa:\ 


Sp.M.  Splanchnic  mesoderm. 
UL.        Unchanged    layer    of 
uterine  mucosa. 
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margin  of  the  embryonic  area,  and  the  mesoderm  growing  round  the  amnk 
ectoderm  separates  it  from  the  chorionic  ectoderm. 

After  the  amnion  is  completed  its  cavity  is  distended  with  fluid.  As  it  expai 
it  gradually  obliterates  the  extra-embryonic  part  of  the  coelomic  cavity,  and  find 
its  outer  surface,  of  somatic  mesoderm,  comes  into  contact  and  fuses  with  the  souhI 
mesoderm  on  the  inner  surface  of  the  chorion.  At  this  period  the  cavities  in  tj 
ovum  are  the  amniotic  cavity,  the  remains  of  the  yolk-sac,  and  those  portions  of  li 
original  blastodermic  and  coelomic  spaces  which  have  been  included  in  the  embq 

In  the  human  ovum,  when  the  amnion  folds  unite  and  the  true  amnion  sepant 
from  the  chorion,  the  embryo  and  its  enclosing  amnion  would  be  free  within  tl 
cavity  of  the  chorion,  or  extra-embryonic  coelom,  were  it  not  that  a  very  short  ed 
of  somatic  mesoderm  and  ectoderm,  the  body-stalk,  connects  the  posterior  end  aft! 
embryo  with  the  somatic  mesoderm  on  the  inner  surface  of  the  chorion. 

Body-Stalk. — To  thoroughly  understand  how  this  union  ia  efTected  in  M 
human  ovum,  and  to  comprehend  the  nature  of  the  body-stalk,  it  is  necessaiy  J 
refer  to  some  striking  peculiarities  which  are  to  be  observed  in  the  earlier  8ta§ 
in  the  development  of  the  human  embryo.  When  segmentation  is  completed,  a 
the  morula  is  converted  into  a  blastula  by  the  appearance  of  a  ca\ity  in  its  intent 
the  human  ovum  consists  of  an  outer  layer,  the  ectoderm,  and  an  inner  cell-nui 
(Figs.  12  and  39).  The  latter,  however,  which  is  attached  to  a  small  area  of  d 
ectoderm,  does  not,  as  in  many  mammals,  extend  itself  by  migration  round  the  inn 
surface  of  that  layer,  and  so  transform  the  unilaminar  into  a  bilaminar  blastodflo 
and  convert  the  cavity  of  the  blastula  into  the  blastodermic  cavity.  The  seqaen 
of  events  is  different :  a  cavity  or  space  appears  in  the  inner  cell-mass  itself  (Pk 
41,  42,  and  44),  and  this  expanding  rapidly,  is  ultimately  converted  into  the  yoi 
sac  and  the  alimentary  canal  of  the  embryo ;  it  corresponds,  therefore,  with  tl 
blastodermic  cavity  of  other  mammals. 

Thus  the  entoderm,  though  derived  from  the  inner  cell-mass,  never  lines  tl 
inner  surface  of  the  ectoderm  except  in  the  embryonic  area,  for  soon  after  tl 
appearance  of  the  cavity  of  the  inner  cell-mass  the  mesoderm  grows  rapidly  iEco 
the  primitive  streak  and  extends,  not  in  a  single  layer,  as  in  the  majority  • 
mammals,  but  as  two  layers,  one  over  the  outer  surface  of  the  entoderm,  tl 
splanchnic  layer,  and  the  other,  the  somatic  layer,  over  the  inner  surface  of  tl 
ectoderm.  The  cavity  of  the  blastula  is  thus  ultimately  cDclosed  between  fl 
somatic  and  splanchnic  layers  of  the  mesoderm,  and  so  becomes  converted  into  tl 
coelomic  space  (Fig.  42). 

As  the  mesoderm  extends,  the  several  areas  of  the  blastoderm  are  differentiati 
as  in  other  mammals,  but  the  embryonic  and  amniotic  areas  remain  of  relative 
small  size.  The  separation  of  the  amnion  from  the  chorion  is  effected  at  a  vei 
early  period,  before  the  folding  off  of  the  embryo  has  commenced,  but  the  somal 
mesoderm  growing  from  the  posterior  end  of  the  embryonic  area  still  retains  i 
connexion  with  the  similar  layer  on  the  inner  surface  of  the  chorion,  and  it  fon 
a  short,  and  for  a  time  a  broad  stalk  which  unites  the  embryo,  and  consequent 
the  amnion  and  the  blastodermic  cavity,  with  which  the  embryo  is  connected,  to  tl 
chorion  (Fig.  42).  In  addition  to  forming  a  bond  of  union  between  the  embr 
and  the  chorion  the  mesodermal  stalk  conducts  blood-vessels  from  the  embryo 
the  chorion,  and  more  especially  to  its  placental  part. 

At  an  early  period  a  pouch-like  diverticulum  projects  from  the  posterior  pa 
of  the  entodermal  sac.  This  is  the  allantoic  diverticulnm ;  it  lies  beneath  tl 
posterior  part  of  the  embryonic  area,  and  the  area  is  curved  upon  itself  so  that  i 
convexity  looks  towards  the  entodermal  sac,  and  its  concavity  towards  the  amnio 

After  the  embrj'onic  area  has  increased  in  extent,  and  when  the  folding  oflf 
the  embryo  has  commenced,  the  anterior  end  of  the  area  and  the  posterior  end 
the  primitive  streak  remain  relatively  stationary  as  in  other  mammals,  the  cephal 
and  caudal  folds  appear,  and  the  curvature  of  the  greater  part  of  the  area 
reversed,  but  the  most  posterior  part  retains  its  original  position,  lying  far  a  tu 
parallel  with  the  caudal  fold ;  afterwards,  however,  it  assumes  a  more  horiioal 
position.     This  posterior  section  of  the  embryonic  area  contains  the  divarfei 
process  of  the  entodermal  sac  which  is  called  the  allantois ;  it  also  ocmii 
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ttod-vessels,  alkiiitoic  arteries  and  veins,  which  pass  between  the  embryo  and  the 
aot-nta.  It  is  in  relation  at  first  with  the  amnion,  it  appears  to  be  entirely 
ihind  the  embryo,  and  it  is  called  the  "body-stalk."  At  a  later  period, 
ben  the  stalk  of  mesoderm — the  allantoic  stalk — which  connects  it  with  the 
iner  surface  of  the  chorion  is  elongated,  this  part  of  the  embryonic  area  is 
srersed  in  position,  its  anterior  end  is  carried  forwards  till  it  forms  the  posterior 
oandarv  of  the  umbilical  orifice,  and  the  area  in  (Question  forms  the  ventral  wall 
t  the  Uniy  from  the  umbilical  to  the  genital  region. 

Allantois. — The  allantois  plays  an  important  part  in  the  formation  of  tlie 
hcenta.  It  consists  of  two  portions,  an  entodermic  diverticulum  i'rom  tlie  ventral 
nil  of  the  cloacal  part  of  the  hind-gut,  and  a  mesodermal  covering.  The  ento- 
lermie  diverticulum  appears  in  the  human  su])ject,  before  the  hind-gut  is  defined, 
IB  a  hollow  blind  protrusion  from  the  blastodermic  cavity  ;  it  extends  behind  the 
limitive  streak  into  the  mesodenn  of  the  body-stalk,  but  as  the  folding  off  of  tlie 
mbryo  proceeds,  and  the  body-stalk  is  carried  forward  into  the  ventral  wall  of  the 
mbryo,  the  position  of  the  diverticulum  is  altered,  and  ultimately,  when  the 
iotding  off  is  ctunpleted,  it  springs  from  the  ventral  part  of  the  cloaca,  runs  forward 
K)  the  umbilical  orifice,  and  passing  through  it,  projects  for  a  short  distance  still 
JBTested  with  the  mesodermal  covering  primarily  obtained  from  the  body-stalk. 
Ibe  ventral  j.»ari  of  the  cloaca  is  afterwards  converted  into  the  bladder,  while  the 
netum  is  formed  from  the  dorsal  part. 

The  mesodermal  sheath  which  surrounds  the  entodermic  diverticulum  extends 
beyond  it  to  the  inner  surface  of  the  chorion  ;  the  part  which  extends  beyond  the 
iirerriculum  is  at  first  extremely  short,  indeed  it  is  only  recognisable  as  a  layer  of 
mesoderm  uniting  the  body-stalk  and  cliorion,  but  as  development  proceeds  and 
Lhe  bifdy-stalk  is  folded  forward  to  form  the  ventral  wall  of  the  body  of  the  embryo, 
posterior  to  the  umbilicus,  this  portion  of  the  mesoderm  is  elongated,  and  it  forms 
±K  illantoic  stalk  by  which  the  embryo  retains  its  connexion  with  the  chorion, 
md  along  which  pass  the  allantoic  or  umbilical  arteries  to,  and  the  corresponding 
reins  from,  the  chorionic  villi. 

After  the  separation  of  the  cloaca  into  bladder  and  rectum,  that  portion  of  the 
dlaniois  which  lies  in  the  body  of  the  embryo,  between  the  apex  of  the  bladder 
md  the  umbilical  orifice,  is  gradually  convert^xl  into  a  fibrous  cord,  the  urachus. 
rhf  entoil»-rmal  diverticulum  disap])ears,  and  after  birtli,  when  the  placental  circu- 
ati'in  eeas»-H,  tlie  umbilical  arteries  are  transformed  into  fine  fibrous  straiul.s.  The 
r*!iiaiuder  of  the  allantois  which  lies  outside  the  body  of  tlie  embryo,  and  which 
take?  part  in  the  formation  of  the  umbilical  cord  and  placenta,  is  separated  from 
A*-  embryo  at  birth. 

Umbilical  Cord. — The  umbilical  cord  is  essentially  a  mesodcmial  structure 
rhicli  connects  the  embryo  with  the  placenta,  serving  as  a  passage  for  the  allantoic 
f'^.vU  V)  and  from  the  foital  portion  of  the  latter  organ.  It  repbices,  functionally, 
:hr  ^Hiy-slalk  and  the  allantoic  stiilk,  which  were  earlier  provisions  for  the  same 
jcij^^sse,  and  it  is  formed  l)y  the  fusion  of  the  allantoic  stalk  with  yiart  of  the 
ivllo-int-t^stinal  duct  and  the  remains  of  the  yolk-Siic. 

The  \'itello-intestinal  duct  is  at  first  a  relatively  wide  channel  which  connects 
h^fidmitive  gut  witfi  the  yolk-sac;  it  i»asses  through  the  umbilical  orifice.  In 
aier  .^td<;es,  as  the  bfxly-stalk  is  swung  round  into  the  ventral  wall  of  the  body, 
'^in  allantoic  stalk,  which  projects  from  the  end  of  the  body-stalk,  is  brought  into 
i*K  relation  with  the  distal  end  of  the  vitello-intestinal  duct  and  the  remains  of 
:>  Tolk-.sac :  the  mesodermal  constituents  of  the  three  structures  then  fuse 
tWher,  ami  the  whole  is  surrounded  by  the  expan<ling  anmion.  In  this  way  the 
lEihilieal  conl  is  formed.  It  iDv>ludes,  therefore,  the  allantoic  stalk  ami  its  ])lood- 
'es.«ek  together  with  the  remains  of  the  yolk-sac  and  its  stalk,  the  vitello-intestinal 
iu':t.all  of  which  are  invested  and  bound  together  by  the  amnion. 

The  mesodermal  core  of  the  cord  forms  a  fibro-mucoid  tissue  known  as 
'Wharton's  jelly,"  which  consists  of  stellate  and  irregular  cells  embedded  in  a 
.■datinous  matrix.  The  blood-vessels  of  the  cord  are  situated  in  the  core,  and 
oelade  two  allantoic  or  umbilical  arteries  which  run  spirally  -  id  a  single 
mbilical  vein.     The  terminal  portion  of  the  allantoic  divert  ects  into 
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the  embryonic  end  of  the  cord,  and  at  first  a  loop  of  intestine  protrudes  into  it  Ji 
a  short  distance ;  the  gut,  however,  soon  recedes  into  the  abdominal  cavity. 

The  umbilical  cord,  which  extends  from  the  umbilical  orifice  to  the  centre  of  iSl 
placenta,  is  at  first  short  and  straight.  As  the  amnion  expands  the  length  of  tj/i 
umbilical  cord  increases  until,  at  the  time  of  birth  it  measures,  on  an  avenfp 
about  20  inches.  This  increase  in  the  length  of  the  cord  allows  the  foetus  to  flaiifl 
freely  in  the  amniotic  fluid,  and  prevents  traction  on  the  placenta. 

After  the  middle  of  the  second  month  the  umbilical  cord  is  twisted  Bpinli]| 
usually  from  right  to  left.  It  is  suggested  that  this  is  due  either  to  the  gxn| 
elongation  of  the  allantoic  arteries  or  to  muscular  movements  of  the  foetus,  andtt 
involves  a  rotation  of  the  foatus  in  the  amniotic  fluid.  I 

Chorion. — The  chorionic  area,  by  far  the  largest  of  the  areas  into  whii)l( 
the  blastoderm  is  divisible,  lies  external  to  the  amniotic  area.  In  most  Tnammili 
it  consists  at  first  of  ectoderm  and  entoderm,  but  after  the  extension  and  cleavBgq 
of  the  mesoderm  has  taken  place,  it  is  formed  by  ectoderm  and  somatic  mesodemjl 
In  man,  however,  it  consists  in  the  earliest  stages  of  ectoderm  alone,  but  on  tbv 
formation  and  extension  of  the  mesoderm  it  also  acquires  an  inner  layer  of  somatil 
mesoderm.     In  all  cases,  therefore,  it  eventually  consists  of  the  same  two  lay  era 

The  ectoderm  of  the  chorionic  area  which  immediately  surrounds  the  anmiotil 
area  thickens  to  form  the  annular  placental  area,  and  in  this  way  the  chorionic  arai 
becomes  divisible  into  placental  and  non-placental  regions. 

When  the  blastodermic  vesicle  enters  the  uterus  numerous  ectodermal  villou 
processes  grow  from  the  surface  of  the  chorionic  area,  both  in  its  placental  and  non- 
placental  parts,  and  attach  themselves  to  the  uterine  mucous  membrana  Am 
already  pointed  out  in  the  description  of  the  formation  of  the  amnion,  the  embryonil 
and  amniotic  areas  do  not  become  attached  to  the  uterus,  but  remain  free  from  il| 
whilst  by  the  approximation  and  fusion  of  its  inner  margins,  the  rapidly  growing 
ring-like  placental  area  is  converted  into  a  disc  which  intervenes  between  Um 
amnion  and  the  uterine  wall. 

The  chorionic  area  after  the  separation  of  the  amnion  is  known  as  the  chotioi 
or  chorionic  membrane. 

The  chorion  forms  the  outer  wall  of  a  vesicle,  the  chorionic  vesicle,  which  is  tfal 
modified  remains  of  the  blastodermic  vesicle,  and  which  contains  the  embryo,  th 
yolk-sac,  the  amnion,  and  the  allantoia  It  consists  of  an  outer  layer  of  ectoden 
and  an  inner  layer  of  somatic  mesoderm. 

The  cavity  of  the  chorion  is  the  extra-embryonic  portion  of  the  coelom.  For  i 
time  it  remains  distinct,  and  is  traversed  by  the  allantoic  stalk  which  unites  th 
embryo  to  the  inner  or  mesodermal  layer  of  the  placental  area.  The  cavity  i 
ultimately  obliterated  by  the  growth  of  the  amnion,  the  latter  sac  expanduDj 
rapidly  till  its  outer  surface  is  in  contact  and  intimately  blended  with  the  inne 
surface  of  the  chorion. 

Chorionic  Villi.  —  The  villous  processes  which  begin  to  grow  from  th 
surface  of  the  chorionic  area  before  it  is  separated  from  the  amnion  continue  t 
develop  after  the  separation  of  the  two  membranes  is  completed.  They  penetiat 
the  surrounding  uterine  tissues.  At  first  each  consists  of  ectoderm  only,  but 
core  of  vascular  mesoderm  is  soon  acquired.  The  villi  increase  in  size  and  in  com 
plexity  also,  but  ultimately  only  those  in  the  placental  area  persist  and  continu 
to  grow ;  the  remainder  atrophy  and  disappear. 

Thus  the  placental  region  of  the  chorion  eventually  constitutes  the  main  bond  c 
union  between  the  ovum  and  the  mother,  and  it  forms  the  foetal  part  of  the  placenta 

THE  PLACENTA. 

The  placenta  is  the  organ  of  foetal  nutrition  and  respiration. 

In  it  the  blood-vessels  of  the  foetus  and  those  of  the  uterus  are  brought  int 
such  close  relationship  with  one  another  that  free  interchanges  recuiily  take  plao 
between  the  blood  of  the  mother  and  that  of  the  foetus.  In  the  simplest  form  a 
placenta  the  foetal  villi  are  merely  embedded  in  the  maternal  mucous  memhcmM 
and  the  relationship  between  foetal  and  maternal  blood  is  not  very  close.    In  i  ^ 
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f  bnas,  eg,  the  human  placenta,  the  relation  of  foetal  to  maternal  blood  is  much 
f  jDore  intimate ;  this  involves  marked  complications  in  the  elements  of  thie  placenta, 
Aod  itA  structure  becomes  correspondingly  more  complex.  In  all  forms,  however, 
the  placenta  consists  of  foetal  and  maternal  portions. 

Before  the  impregnated  ovum  reaches  the  uterine  cavity  the  mucous  membrane  of 
tbe  uterus  undergoes  certain  changes  in  preparation  for  its  reception  and  reten- 


Dpi:!ii|iiapt!4riaH4j 


GJlAOd 


Unchangied  layer 

Stratum  Rpongiosum  "\  Uteri  ii<' 
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Tniier  mam  (Entodenii) 
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K.  39.— Diagram  re]>resenting  a  very  young  human  ovum  almost  immediately  after  its  entrance  into  the 
decidna.  and  whilst  the  place  of  its  entrance  is  still  covered  with  a  plug  of  fibrin.  Tlie  ectoderm  has 
alrvady  proliferated  and  embraced  spaces  which  contain  niatenial  blood  and  are  continuous  with  the 
matemAl  blood-vessels. 

ion,  and  the  modified  mucous  membrane  is  known  as  the  uterine  decidua.     These 

banges  are,  for  the  most  part,  hypertrophic  ;   the  vascularity  of  the  mucous  mem- 

rane  is  increased  mainly  by  the  dilatation  of  its  veins  and  capillaries,  the  tubular 

terine    glands     become 

longated,  irregular,  and 

)rtui»us,  and  they  dilate 

oth  at  their  orifices  and 

1  the  deeper  part  of  the 

iBCMius  membrane;  at  the 

ime    time     the     inter - 

landular  cc>nnective  tis- 

oe  proliferates,  and  as  a 

tfsult     the     decidua     is 

bicker,  softer,  and  more 

pongythan  the  unaltered 

uucous  membrane. 

After  the  developing 
vuin  enters  the  uterus 
:  comes  into  contact 
mh  the  de<iidua,  into 
vhich  it  forces  its  way 
Itrstroying  the  surface 
pithelium,  and  destroy- 
L.'.  or  pushing  aside,  the 
ajftriicial  portions  of  the 
ilands.  In  this  way  it 
jtcftmes  embedded   in    the  vascular  interj^landular  tissue. 


Decidua  basaliH 

SlratuiD  cnQ}paoiU[u  / 
Bluod-vuaiKil 


inal  villus 


Fkj.  40. — Dl.vGRAM,  showing  the  n-liition  of  the  young  human  ovum  to 
the  dfciclua. 

Tlie  ectoderm  i.s  distinct  from  Ww  inner  cell-uuiHs.  but  as  yet  thiTc  is  no 
entoderniiil  cavity  in  the  latter. 


The  orifice  which  it 
Bakes  in  the  superficial  surface  of  the  decidua  is  plugged,  for  a  time,  by  a  mass  of 
Sl«ia,  but  all  traces  of  the  aperture  wliich  the  fibrin  closes  eventually  disappear 
Bid  the  ovum  is  entirely  encapsuled  in  the  decidua,  which  again  presents  an 
Bnbroken  surface  towards  the  uterine  cavity. 
4a 
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]>ecidua  basalis 
Unchaiised  layer  Maternal  veHs**! 


Stmt  Elm .  com  |uif.lun] 


L'rimitlve  *itr»vik 


Plar»nitn]  viliuH 


Immediately  after  the  ovum  becomes  embedded  the  superficial  ectoderm 
its  surface  proliferate  rapidly  and  form  numerous  branching  processes  or  vill 
invade  the  surrounding  decidua,  destroying  its  cells  and  gradually  enclosi 

maternal  blood 
with  which  thej 
into  relation.  ^ 
time  the  maternal 
which  at  first  surr- 
the  maternal  blood 
entirely  disappea 
from  this  period  o 
the  maternal  bloot 
lates  in  the  spaces 
fa^tal  ectoderm, 
time  the  prolifera 
the  ectodermal  vi 
comes  most  mark< 
mediately  aroun 
margin  of  the  ai 
area  of  the  ovui 
thus  a  placental  i 
the  chorion  is 
entiated.  In  the 
time  the  expandin| 
lias  forced  the  deci 
its  superficial  surf 
wards  the  cavity 


bccurui4H  fffUiiii 


"^lte*edcriji 


ISiiiijdfiimi 


Fui 


iJediJthH  Vt-tA 


•11. — DiACiRAM,  bhowinj?  a  further  stage  of  development  of  the  human 
ovum  and  its  relation  to  the  decidual  tissues.  ITie  ento<lermal  cavity 
or  yolk-sac  has  appeared  in  the  inuer  cell -mass,  and  the  mesoflerm 
has  commenced  to  extend  from  the  primitive  streak  in  two  layers, 
splanihnic  on  the  yolk-sac  and  somatic  un  the  ectoderm. 


uterus,  and  at  this  period  three  areas  of  the  decidua  can  be  distinguished 

part   outside   the  ovum,   that  is   between  the   ovum   and   the  muscular  ' 

the  uterus,  is  known 

as  the  decidua  basalis ;  uiidmn^^-a  m»^T       i^ccidTjn  tAjmuit     Amnion 

the  part  pushed  into  sumtuni  »iionejftitiiu^ 

the      cavity      of      the  WtTatum  compactly 

uterus     around     the  ^    "--  — ^^"^^-'^  '  ^  ^A^    ^^  ^K,^-M*t*rr 

growing  ovum  is  the 

deciduacapsalaris ;  and 

tlie  remainder  of  the 

decidua  is  the  decidua 

vera. 

The  decidua  cap- 
sularis  is  not  formed, 
jis  was  formerly  be- 
lieved, by  f(jlds  of  the 
decidua  which  have 
grown  up  and  sur- 
rounded an  ovum 
mert-'ly  attached  tu 
the  surface  of  the 
decidua  basalis.  On 
the  contrary  it  is 
merely  the  superficial 
part  of  that  portion 
of    the   decidua   into 


.ISO 

mt 


rhHiltluii  vpjn 
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Fk;.  42. — DiAiiHAM,  .shoANJng  thr  oonij»letion  of  the  decidua  cajwu 
enlargement  of  the  maternal  hlooil-ve^sels  in  the  stratum  romp 
the  decidua  bahalis,  the  increase  of  the  placental  villi,  the  fori 
the  amnion  folds,  and  the  appearam.e  of  the  allantoic  divertiiMilui 


which  the  ovum  has  penetrated,  tlierefore  it  may  contain  glands  or  the  rem 
j^lands  which  open  on  its  superficial  surface  into  the  uterine  cavity,  but  no 
ojHin  on  its  inner  surface. 

The  decidua  basalis  lies  in  contact  with  the  placental  area  of  the  chori 
the  fcetal  part  of  the  placenta,  and  it  forms  the  maternal  jiart  of  the  orga 
the  fully  developed  human  placenta,  the  foetal  and  maternal  tissues  of  vf 
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litxl  are  so  intimately  iuingle<l  and  Mended  together  that  it  is  iniiK.)8sible 
where  one  ends  and  the  other  begins.  By  a  eareful  study,  liowever,  of  a 
•t  I'lac^ntie  of  different  ages  a  fairly  clear  and  satisfactory  idea  of  the  ]«irl 
Iiv  the  iimternal 


Smtiim  compBctujiu 


'         Mat^^rtial  blood -TMeifl 

/  Fif'tal  w:todp*riii  villus, 

KiiduHiij^  4^LC'(<  lillttii 
with  nffltflninl  MimxI 


■livi'fik'iilum 


''■-ijiftti'" 
"'[i]i",iMli-r]£i 
!S]jlAtL(.:]LliH-  TlK'Sculrrill 


f'f'tal  elements 
\Ay,  as  well  as 
vlations  toe<ich 
.ly  l>e  obtained, 
•iictiiral     char- 

the  eompletetl 
IllK?bestiinder- 

rhe   two  con- 

|wrt>*  are  first 
»d  separately. 
al  Part  of 
icenta.  —  The 
the  pfacental 
•f  the  chorion 
m'l  i»enetrat<^ 
i<iiia  l»asiilis, 
le  villi  of  the 
^ntal  chorionic 
le  ovum  enter 
ua  capsularis. 
ii^evioiisly  e.\- 
in  connexion  Vu,.  r-\. 
onnation  hotli 
iniiion  and  of 

ion,   the    annular  plnccnLal   area   is  converted    into   a  circular  disc.     It 

like  the  rest  of  the  chorion,  of  ectoderm  and  mesoderm,  and  it  contains 

ih-cuhm  u-.saiis  rami ficationsof  the 

K  MaUriial  Ij1c>.mI  sinus  allantoic      VCSScls  .' 

but  the  ectiulerm 
is  thickened  and 
incrcMsi'd,  its  vilfi 
arc  lavLTcr  than 
those  of  the  non- 
plac(}iilal  region 
of  the  chorion,  and 
it  is  (Hrectly  con- 
necied  with  the 
allantoic  stalk. 

The  early  villi 
are  merely  ecto- 
dermal buds  which 
])»'netrate  the  sur- 
rr)undiiig  dccitlual 
tissues,  destrr)yin^u 
and  rcplaciut^r  the 
uterine  elements. 
Tlie.se  villi  grow 
and  branch,  and 
their  branches  an- 
astom(»s(»  tOiroj.JK*!. 
ur;rcA.M,    slu'wiiij:  the   fVi'tul   eftn,l,iiii   MiruHiinlin^'  tlie  nutmial   lilo.i.l  surronmlill'*"        ihc 

"•^"  ^""'bbHMl  s].aees..f  the 
<leeidua  which  an- 

miiediate  neigh])ourhood  nf  the  ovum.     As  develojunent   proceeds  everv 
til   villus   is    penetrated    by    an    outgrr>wtli    of    tin*   subjacent    mesoderm 
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p.iit  of  the  i>l.i«-cnta  ami  the  closure  of  the  amnion. 
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which  carries  branches  of  the  allantoic  vessels,  and  so  the  villi  become  vasci 
with  foetal  blood.  For  some  time  all  the  villi,  placental  and  non-placental,  gr 
absorb  nutriment  from  the  maternal  tissues,  prolably  utilising  as  food  the 
which  they  destroy  and  replace ;  but  when  the  decidua  capsularis  is  thin 
the  expansion  of  the  growing  ovum,  the  ^illi  of  the  non-placental  region 
have  penetrated  it  are  no  longer  able  to  obtain  nutrient  matter,  and  the 
sequently  atrophy  and  disappear.  The  placental  villi,  on  tlie  contrary,  cont 
increase ;  they  grow  in  size  and  become  more  complex,  and  secondary  bi 
growing  from  them  project  into  the  maternal  blood  spaces  which  the] 
surrounded  and  float  in  the  maternal  blood.     When  tlie  formation  of  the  p 

is    complefc 

foetal  part  ( 

of    villi,    ei 

.*.*..      which  posse 
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45. — Diagram,  showing  further  growth  of  the  placental  sinuses  and  villi ;  the  Mate 

fuHion  of  the  decidua  capsularis  with  the  decidua  vera,  an<l  the  obliteration  of  -j  ^  a.u 

the  uterine  cavity.  raXt   01   til 

centa  an( 
Changes  in  the  Decidua. — The  occurrence  of  further  changes  in  the  decidii 
the  developing  ovum  enters  the  uterus,  is  dei>endent  upon  the  retention 
•  ovum  in  the  substance  of  the  decidua.  These  chan^^es  only  occur,  there 
what  may  be  termed  the  decidua  of  pregnancy.  They  are  intimately  ass 
with  and  essential  to  the  development  of  the  maternal  part  of  the  placen 
a  more  detailed  and  complete  account  of  the  decidua  and  the  inodificationi 
several  parts  is  therefore  necessary. 

The  decidua  is  formed  by  the  mucous  membrane  of  the  uterus,  which  is  a 
thick-walled  muscular  organ,  situated  in  the  pelvic  cavity.  The  mucous  me: 
contains  numerous  tubular  glands  embedded  in  an  intiTglanduLir  tissue  for 
round  and  irregular  cells.  The  uterine  glands  are  lined  by  a  columnar  or 
epithelium,  and  they  op^n  into  the  cavity  of  the  uterus  on  a  surface  which 
covered  by  columnar  cells.  The  whole  of  the  mucous  membrane  is  plei 
supplied  with  blood-vessels  which  pass  into  it  from  the  surrounding  m 
walls,  and  it  is  transformed  into  the  decidua  by  prolifemtion  and  hypertrc 
all  its  parts.  The  interglandular  tissue  increases  in  amount  and  its'  blood- 
dilate,  especially  near  the  surface  of  the  membrane ;  but  the  most  striking 
early  changes  occur  in   the   glands — they  become   longer,  more  tortuoui 


Fig. 
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M  enlarge  and  assume  a  funnel-like  appearance,  and  they  dilate  a  short 
I  from  their  terminations  into  large  irregular  spaces.  The  increase  of 
iglandular  tissue  is  most  marked  in  the  intervals  between  the  dilated 
of  the  glands  and  their  apertures,  and  when  all  the  changes  are  fully 
led  it  is  possible  to  recognise  three  layers  of  the  decidual  tissue.  (1)  A 
al  relatively  thick  layer  in  which  the  interglandular  tissue  preponderates, 
tun  comiiactam ;  (2)  A  layer  formed  principally  by  the  dilated  portions 
lands,  the  stratum  spongiosum ;  and  (3)  a  thin  deep  part  of  the  membrane 
ntains  the  outer  extremities  of  the  glands  which  are  practically  unchanged, 
anged  layer. 

lecidua  capsularis  differs  from  the  other  portions  of  the  decidua  in  that 
ents  only  the  superficial  portion  of  the  other  parts  of  the  decidua,  and 

contains  no  spongy  layer  or  deep  unchanged  layer.  This  is  obviously  the 
after  the  ovum  has  penetrated  through  the  surface  epithelium  it  becomes 
d  in  the  stratum  compactum  of  that  portion  of  the  decidua  which  it  has 
and  consequently  the  portion  of  the  stratum  which  closes  over  it  cannot 
nore  than  the  outer  parts  of  some  of  the  uterine  glands  with  their  orifices 
intervening  interglandular  tissue. 

changes  which  occur  in  the  decidua  capsularis  are  due,  first,  to  its 
n  with  and  invasion  by  the  chorionic  villi ;  and,  secondly,  to  the  pressure 
ipon  it  by  the  enlarging  ovum.  The  former  influence  is  brought  to  bear 
be  decidua  is  still  increasing;  the  latter  after  it  has  reached  its  full 
lent 

changes  which  result  from  its  union  with  the  chorion  are  the  destruction 
rption  of  some  of  the  interglandular  tissue ;  they  are  due  to  the  activity 
bodermic  cells  of  the  chorion,  which  attack  and  invade  the  uterine  tissues. 
changes  due  to  pressure  exerted  by  the  enlarging  ovum  are  diminution  of 
ty,  disappearance  of  the  lumina  of  such  portions  of  the  glands  as  remain  in 
ua  capsularis,  and  the  removal  of  their  epithelium,  together  with  the  co- 
itrophy  of  the  foetal  villi  which  have  penetrated  this  portion  of  the  placental 

All  these  changes  result  in  the  reduction  of  the  decidua  capsularis  to  a 
ibrane  in  which  no  traces  of  the  original  structure  are  recognisable,  in  the 
the  altered  decidua  capsularis  with  the  decidua  vera,  and  the  consequent 
on  of  the  uterine  cavity. 

'  the  fifth  month  the  decidua  vera  also  undergoes  atrophic  changes,  but  they 
roceed  so  far  as  in  the  decidua  capsularis ;  nevertheless  the  stratum  com- 
is  greatly  reduced,  the  superficial  epithelium  and  the  superficial  parts  of 
ds  entirely  disappear  from  it,  the  interglandular  tissue  becomes  less 
and  it  diminishes  very  considerably  in  thickness.  The  epithelium  dis- 
from  the   spaces  in   the   spongy  layer,   and   the  spaces   themselves   are 

out  into  long  slit- like  clefts,  in  which  condition  they  remain  till 
)d  of  pregnancy  is  completed.  The  decidua  vera  is  thus  reduced  to  the 
I  of  a  relatively  thin  membrane,  and  its  inner  surface  is  fused  with 
ins  of  the  decidua  capsularia 

lua  Basalis. — This  portion  of  the  decidua  is  constituted  by  the  deeper 
ihe  stratum  compactum  in  which  the  ovum  is  embedded  together  with 
)  externally  situated  spongy  and  unchanged  layers,  and,  apart  from  the 
lue  to  the  invasion  of  the  foetal  villi,  tlie  most  important  transformations 
art  of  the  decidua  occur  in  the  stratum  compactum.  The  alterations  in 
ry  layer  are  similar  to  those  which  occur  in  the  same  layer  of  the  decidua 
the  lining  epithelium  disappears  and  the  spaces  are  flattened  out  into  a 
:left-like  slits. 

e  stratum  compactum,  however,  much  more  striking  changes  occur;  all 
the  glands  disappear,  but  the  blood-vessels  become  greatly  dilated,  and, 
ntly,  the  layer  increikses  considerably  in  thickness.  The  small  blood-vessels 
s  in  the  immediate  neighbourhood  of  the  ovum  become  converted  into 
I  blood  sinuses,  but  in  the  deeper  part  of  the  stratum  a  thin  layer,  which 
the  stratum  spongiosum,  remains  relatively  unchanged ;  this  deeper  part 
the  basal  layer,  and  through  it  the  blood-vessels  pass  to  and  from  the 
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blood  sinuaes  in  the  more  superficial  portion  of  the  membrane.  When 
is  com})leted,  therefore,  the  maternal  portion  of  the  placenta,  which  is  ti 
transformed  decidua  liasalis,  no  longer  consists  of  the  stratum  compactum,  tl 
stratum  spongiosum,  and  the  unchanged  layer,  but  it  is  formed  from  with 
outwards  of — (1)  a  layer  of  Idood  sinuses,  (2)  the  basal  layer,  (3)  the  inodifi 
spongy  layer,  and  (4)  the  unchanged  layer.  The  ditterence  between  the  decidi 
basalis  and  the  maternal  part  of  the  placenta  may  be  tabulated  as  follows : — 


Decidua  basalis. 

Deep  part  of  stratum  compact uni 

Stratum  spongiosum 
Unchanged  layer 


Placenta 


Stratum 
coiiilActunt 


FUci^iiUl  villus 


Maternal  placenta. 

Layer  of  blood  sinuses, 
liasal  layer. 

Modified  stratum  spongiosum. 
I'uchanged  layer. 

it  nmst  not  be  forgotten,  however,  that  wliilst  the  changes  which  result  in  tl 
formation  of  the  maternal  placenta  out  of  the  decidua  basalis  are  taking  place  tl 
stratmu  compactum  has  been  invaded  by  the  placental  viUi. 

The  first  result  of  this  invasion  is  the  destruction  of  much  of  the  decidual  tissue  I 
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the  fcctal  vil 
Gradually  thee 
tcniermof  the\il 
always  in  advani 
of  the  main  bod 
reaches  and  su 
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thehal  walls  of  t 
vessels,  which  1 
this  time  ha 
dilated  into  enc 
mous  spaces.  In 
these  s^Mices  t 
ramifications 
the  villi  proje 
and,  as  the  enc 
tlielial  walls  e 
destroyed,  they 
directly  with 
the  cavities  of  t 
spaces,  and  s 
surrounded  on  ; 
sides  l>y  materi 
blood.  The  nu 
peculiar  feature 
this  part  of  t 
placenta,  wh 
fully  developed 
that  the  whole 
the  maternal  pc 
tion  of  it,  exc€ 
the      blood,     1 


Fused  (i«^idMiL  cup- 
tiilAi-Ls  tthd  diicidu.'i 

(^Iiiii1ii!;i  31  lid  cjiorjuti 


Fl(i.  40.  -Diagram.  loiter  sUige  in  the  clevelopiufnt  of  the  phio«rnta,  showing  the 
relations  of  the  frntal  villi  to  the  placrnl.tl  sinuses,  the  fusion  of  the  amnion  with 
the  inner  surface  of  the  chorion,  and  the  thinning  of  the  fused  ileciduje  (cap- 
sularisi  an<l  vera). 


been  removed  and  replaced  by  fa^tal  tissues,  so  that,  although  tlie  materr 
blood  continues  to  circulate  in  the  same  spaces  which  it  has  occupied  from  t 
first,  viz.  the  blood  sinuses  in  the  more  superficial  part  of  the  stratum  compactum 
the  maternal  decidua,  yet  the  walls  of  these  spaces  have  been  replaced  more  or  h 
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■upleiely  by  foetal  ectoderm,  aud,  consequently,  the  spaces  now  lie  in  the  midst  of 
K  tetal  tissues. 

The  invasion  of  the  maternal  by  the  foetal  part  of  the  placenta  proceeds  as  far 
I  the  liasal  layer,  and  in  this  region  the  foetal  ectoderm  is  directly  continuous  with 
he  ^'alls  of  the  maternal  blood-vessels  at  the  points  where  they  enter  the  sinuses. 

Althongh  the  invasion  of  the  decidua  basalis  is  so  complete,  some  portions  of 
he  maternal  tissues  persist ;  thus  the  basal  layer  and  many  strands  of  the  stratum 
uupaetum  escape  destruction.  The  latter  extend  from  the  basal  layer  to  the  outer 
nrface  of  the  chorion,  and  they  are  eventually  converted  into  fibrous  strands,  which 
Kvide  the  superficial  part  of  the  completed  placenta  into  lobular  areas. 

The  completed  placenta  consists,  tlierefore,  of  closely  intermingled  and  fused 
btal  and  maternal  tissues,  through  which  both  the  foetal  and  maternal  blood 
Rreams  circulate.  It  is  well  adapted,  on  account  of  its  peculiarities  of  structure,  to 
Util  the  nutritive  and  respiratory  requirements  of  tlie  embryo.  The  foetal  bloo<^l 
iream  which  flows  through  the  placental  vilU  and  the  maternal  blood  stream  in 
Ik  placental  sinuses  are  only  separated  from  each  other  by  two  layers  of  tcetal 
letodemial  epitlielium  and  a  small  amount  of  fajtal  mesodenii,  the  latter  being 
pKtically  reduced  to  the  single  layer  of  endothelial  cells  which  form  the  walls  of 
ihe  fcetal  vessels.  Through  these  layers,  by  osmosis,  and  possibly  by  secretion, 
■tterials  are  (massed  l>oth  from  mother  to  embryo  and  from  embryo  to  mother,  tlie 
fheenta  serving  not  only  for  purposes  of  nutrition  and  respiration,  but  also  as  an 
eicretor}*  organ. 

Whilst  the  placenta  is  attaining  its  full  development  the  amnion  is  exi)anding, 
and  tinally  it«  outer  surface  fuses  with  the  inner  surface  of  the  chorion,  consequently, 
the  innermost  portion  of  the  placenta  is  provided  with  a  covering  of  amnion. 

Tlie  full-time  placenta  is  a  discoid  mass  about  20  or  25  inches  (50  to  60  cm.)  in 
drcuniference  and  IJ  in  thickness  at  its  centre;  it  is  much  thinner,  however, 
at  its  margins,  where  it  is  continuous  with  the  membranes  formed  by  the  fused 
chnrion,  decidua  vera,  and  decidua  caj^sularis.  Its  weight  is  about  one  })Ound,  and 
it  oonsists  from  within  outwards  of  the  following  layers : — 

.       .  (  Ectodcmi. 

_    -^™""'» I  Mes(xlcr,n. 

Fatal     .    \    AUjintois  with  fcetiil  vessels  Mesoderm. 

rii      •  I    Mesoderm. 

I    hctoderm. 

Layer  of  maternal  bl(K)d  sinuses  and  remains  of  tlio  iuterglandular 
tissue  of  the  stratum  compactum. 
Maternal   |    Iksiil  layer. 

Modified  spongy  layer. 
Unchaniied  layer. 

WTien  the  jKjriod  of  intrauterine  hfe  is  completed  the  muscular  walls  of  the 
Tilerus  contract  and  the  lower  orifice  of  the  uterine  cavity  is  dilated,  the  fused 
chorif»n  and  amrdon,  which  close  the  upper  part  of  the  orifice,  rupture  and  the 
afimiotic  fluid  e.scai)es,  the  fo^-tus  is  then  expelled,  but  it  remains  attached  to  the 
IiUenia  l»y  the  umbilical  cord.  The  cord  is  divided  artificially,  and  after  a  short 
Ji:ri«jil  the  placenta  and  membranes  are  expelled.  The  membranes  attached  to  the 
j'Wnta  con.sist  of  the  fused  amnion,  chorion,  decidua  ca])sularis,  and  also  the 
drtidua  vera  internal  to  the  altered  spon^^^y  layer;  therefore  both  the  ])laceuta  and 
'he  membranes  consist  of  maternal  and  fretal  tissues.  Before  the  placenta  and 
luHiubranes  are  expelled  the  uterine  decidua  is  separated  into  two  parts  ]>y  a 
■Iwiva^'e  which  takes  place  in  the  modified  stratum  spongiosum.  The  inner  |)ortion 
wWch  includes  the  placenta  and  membranes  is  cast  off.  Tlie  outer  portion  remains 
13  the  uterus:  it  consists  almost  entirely  of  the  deep  une hanged  layer  (»f  the 
4rtiiliia.  and  from  it  the  uterine  nnicous  membrane*  is  reconstructed. 
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THE   PRIMITIVE   VASCULAR  SYSTEM   AND   THE  FCETAL 

CIRCULATION. 

It  has  already  been  said  that  the  ovum  during  its  passage  down  the  Fall 
tube  lives  either  on  its  own  yolk  particles  or  upon  substances  absorbed  from  I 
fluids  by  which  it  is  surrounded.     For  a  tiine  after  it  enters  the  uterus  its  nutritj 
must  be  provided  for  in  a  similar  manner,  but  as  soon  as  the  chorionic  villi  i 
formed  it  is  probable  that  the  ectodermal  cells,  of  which  in  the  earliest  stages  1  * 
entirely  consist,  and  wliich  cover  their  surfaces  in  the  later  stages,  actually  eati 
the  decidual  tissues  which  tliey  invade  and  use  them  for  food.     This  souroe 
nutrition,  however,  is  only  sufficient  for  the  short  period  during  which  the 
remains  relatively  small,  and  8ul>stances  absorbed  througli  the  surface  cells  can  1 
readily  transmitted  to  all  its  parts. 

In  addition  to  the  solid  decidual  tissues  devoured  by  the  ectodermal  cells 
evident  that  fluids  from  the  mother  are  also  absorbed,  for  the  yolk-sac  and 
enlarge  and  are  filled  with  fluid.     The  only  sources  from  which  this  can  have 
derived  are  the  uterine  glands  or  the  blood  and  lymph  vessels  of  the  decidua. 

In  all  probability  the  fluids  absorbed  into  the  ovum  contain  nutritive  mat 
and  so  long  as  the  embryo  is  constituted  by  the  thin  layers  of  the  early  blast 
sufficient  food  material  can  easily  be  absorbed.  When,  however,  the  various 
of  the  embryo  increase  in  thickness  and  become  moulded  into  the  fonn  of 
they  are  no  longer  in  such  intimate  relation  with  the  surrounding  nutritive  flu 
whilst,  further,  as  their  development  progresses  they  require  a  greater  amount  i 
food  and  oxygen  than  they  can  obtain  from  these  fluids.  There  is,  therefore,  al 
imperative  necessity  for  a  further  supply  of  nutritive  material  by  which  their  i» 
quirements  may  be  satisfied,  failing  which,  development  must  cease  and  death  enani 

To  meet  this  necessity  the  vascular  system  is  fonned.  It  is  essentially  a 
irrigation  system  consisting  of  a  propulsive  organ,  the  heart,  and  of  tubulai 
vessels,  the  blood-vessels,  all  of  which  contain  blood.  The  heart  propels  the  blood 
through  the  blood-vessels  to  all  parts  of  the  embryo,  but  the  blood  which  is  at  fini 
fonned  from  the  mesoderm  of  the  ovum  must,  at  least  so  far  as  its  fluid  part  i 
concerned,  be  supplemented  largely  from  maternal  sources.  It  is  necessary,  there 
fore,  that  the  fcetal  blood-vessels  be  brought  into  close  relation  with  the  matema 
blood-vessels  at  an  early  period.  It  is  for  this  purpose,  amongst  others,  that  tia 
large  ])lood  sinuses  are  fonned  in  the  maternal  portion  of  the  placenta,  and  tha 
tliey  are  surrounded  and  invaded  by  the  f(ctal  villi,  carrying  in  their  interia 
Iminches  of  the  fcetal  blooil-vessels,  and  as  previously  shown,  the  fcetal  blood 
vessels  hi  the  placenta  are  only  separated  from  the  maternal  blood  in  the  sinuae 
by  their  own  thin  mesodermal  walls,  and  by  one  or  two  layers  of  ectodermal  celb 
When  the  placenta  is  fully  formed  fluids  can  readily  pfiss  from  the  maternal  t 
the  fietal  vessels,  and  there  can  be  no  doubt  that  both  food  and  oxygen  pass  froB 
the  maternal  blood  to  the  fcetal  blood  through  and  by  the  agency  of  the  interveninj 
cells,  whilst  at  the  stime  time  the  waste  ])roducts  wliich  are  fonned  in  the  embry 
pass  outwards  to  the  maternal  bloocL 

Obviously,  however,  a  system  of  vessels  filled  with  fluid  would  be  of  little  ui 
in  the  general  economy  unless  there  were  some  means  by  which  the  fluid  could  b 
kept  in  constant  movement.  In  the  first  instance  tliLs  is  accomplished  ])y  rhythmioa 
contractions  of  the  vessel  walls,  but  in  a  short  time  jmrtious  of  the  two  primitiv 
stem-vessels  which  appear  in  the  embryo  are  modified  into  a  single  propulsiv 
organ,  the  heart,  which  forct^s  the  fluid,  or  blood,  in  a  definite  direction  boti 
through  the  body  of  the  embrj'-o,  along  the  body-stalk  or  um])ilical  cord,  accord 
ing  to  the  age  of  the  embr}"o,  and  through  the  vessels  in  the  placental  villi. 

We  have  now  to  consider  how  the  l)lood- vessels  and  blood  are  fonned. 

Where,  or  how,  the  first  blood-vessels  appear  in  the  human  subject  is  no 
(letinitely  known,  but  in  other  mammals  they  are  first  seen  outside  the  body  c 
the  em])ryo  in  the  wall  of  the  yolk-siic.  The  outer  layer  of  the  wall  of  j;he  yolk 
sac  consists  of  splanchnic  mesoderm,  and  in  that  part  of  this  layer  which  lie 
nearest  the  primitive  alimentary  canal  a  large  numl)er  of  the  cells  proliferafc 
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»pidlv  and,    fusing   together,   tbnii   niulti-nucleiiteil   masses   of  protoplasm,  the 
- -Uood  ialandB  "  of  Pauder. 

S«>jn  after  their  appearance  the  blooil  islands  anastomose  togetlier  by  means  of 
ftuclt-ated  processes  which  they  throw  out  on  all  sides,  and  thus  a  nucleat(?d  ])roto- 
'isiiiie  reticulum  is  formed  in  the  substance  of  tln^  s]>lanc.hnic  mesoderm.     Tlio 
eion  in  which  this  occurs  is  known  as  the  vascular  area.     The  solid  nucleated 
culum  is  soon  converted  into  a  system  of  anastomosing  canals,  the  primitive 
-vess4»ls,  by  the   ap- 
.nce     within     it     of 
rous  vacuoles  whicli 
p«Km  fuse  together,  whilst 
M  the  same  time  the  uu- 
detted  protoplasmistrans- 
fonoi'd  int^j  cells.   The  eel  Is 
which  lie  nearest  the  in- 
■■teriw  sepiiraU?  fwni  each 
ether  and  f^nn  the  primi- 
tive blood -cori»uscles, 
whikt  those  situated  ex- 
taially  remain  connected 
kf  their  uuirgins  and  fi»nn 
tte  endothelial  walls  of  the 
onbryonic    vessels.      The 
fluid  which  tills  these  first- 
formed  vesf«els  in  the  vas- 
cular area  is  prolxibly  de- 
rived either  from  thectfdom 
or  fruiu  the  yr»lk-sac. 

Hie  primitive  bhx)d- 
wrj.iw^les  arc  nucleated 
eells  of  a  reddish  colour; 
white  or  colourless  blood- 
wqiuscles  a]»ijear  lat«^r,  and 
il  Ls  staled  that  thosi' 
ta  fonu«*d  are  develojxid 
in  the  thymus  gland. 

Xucleated  red  eor- 
pu.«»cle?  l^-rsist  and  increase 
in  nuinlier  till  tht*  end  of 
the  .se<:^in*l  month  of  in- 
inuterine  life ;  they  an^ 
liien  '^TJidually  replaced  by 
fria-nudeated  red  corpus- 
cle^.   Tlie  majority  of  the 

a>le.-it*/d  r»;d  corpuscles  disap])oar  long  before  birth,  l;nt  a  fi*w  can  usually  Ik*  found 
:a  thn  Mi:ka1  nf  the  new-bom  child.  There  is  staiie  doubt  about  their  ultimate  fair, 
kt  ir  i^  generally  l)elieved  that  their  nuclei  disappear,  and  that  tliey  are  converted 
ia^j  non-nucleated  cor])uscles. 

Directly  after  the  ajiiicarance  of  the  blood  islands  in  thf  vascular  area  <»r  the 
yoIk-s:ic.  anil  just  as  the  folding  otf  of  the  embryo  c<»mmences,  two  short  tulailar 
•■e**t'k  ap{)e<tr  in  the  splanchnic  layer  of  the  ]iericanlial  mesoderm.  Tbrse  vessels 
i'  'lice  ext<i!nd  forwards  and  outwards  int"  the  extra-embryonic  region  where  they 
^*"i]ie  Cfinnected  with  the  vessels  of  the  vascular  area  ;  they  also  exleml  back- 
WinL-*  in  the  Ijody  of  the  embryo  l)eneath  the  ])rotovertebral  somites.  In  the 
uajnrity  of  uianmials  they  at  lii-st  termniate  behind,  as  in  front,  on  the  wall  of  the 
yr»lk.sac,  but  after  a  time  the  main  stems  appear  to  ])e  continued  al(»ng  the  allantoic 
3talk  to  the  placenta,  whilst  they  give  off  branches  to  the  yolk-sac.  It  is  proljabk' 
that  in  the  human  embryo  also,  though  this  has  n<»t  a]»parently  been  actually 
olwrved,  these  main  stem  vessels,  the  iJrimitive  aorta.*,  end  at  first  on  the  wall  of 
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the  yolk-sac,  but  on  the  fourteenth  day  of  intrauterine  life,  before  the  heart  ] 
formed,  the  two  primitive  stem  vessels  pass  backwards  along  the  body-stalk  to  f' 
chorion,  their  tenninal  brandies  entering  the  chorionic  villi  As  they  pass  fail 
wards  the  primitive  aortie  give  off  branches  to  the  wall  of  the  yolk-sac.  Thii^l 
this  period  tlie  vascular  system  of  the  human  embryo  consists  of  two  longitudifl 
vessels  which  run  parallel  with  each  other,  one  on  each  side  of  the  middle  '" 
tliroughout  the  whole  length  of  the  embryo.  They  communicate  anteriorly  ' 
the  vesstjls  on  the  yolk-sac,  and  terminate  posteriorly  in  the  chorion.  When  1 
circulation  commences  the  blood  flows  from  tlie  anterior  part  of  the  vascular 
into  the  anterior  ends  of  the  primitive  aortse,  and  passes  backwards  through  I 
embryo.  Some  of  it  is  returned  to  the  vascular  area  by  the  branches  whioh  i 
given  off  to  the  walls  of  the  yolk-sac;  but  the  greater  part  is  carried  to  thft 
chorion,  whence  it  retunis  by  venous  channels,  the  allantoic  veins,  which  httid 
been  develojKjd  in  the  meantime,  to  the  anterior  ends  of  the  primitive  aortae.  | 

As  the  cephalic  and  caudal  folds  are  developed  the  anterior  and  posterior  parti 
of  the  primitive  aortie  are  carried  into  the  ventral  wall  of  the  body  of  the  embiji^ 

and  thus  each  primitive  vessel  is  divisible  intl 
three  parts:  (1)  a  dorsal  part,  the  primitiw 
dorsal  aorta,  which  extends  from  the  dorsal  end 
of  the  mandibular  arch  to  the  cloaca,  and  mai 
beneath  the  protovertebral  somites;  (2)  aa 
anterior  ventral  part,  situated  in  the  dond 
wall  of  the  pericardium  and  extending  fron 
the  umbilicus  to  the  ventral  end  of  the  man- 
dibular arch;  and  (.S)  a  posterior  ventral  part^ 
which  at  first  runs  in  the  ventral  wall  at  the 
side  of  the  cloaca,  and  then  turns  backwards  im 
the  body-stalk  to  the  placenta,  but  afterward^ 
when  the  posterior  i)art  of  the  ventral  wall  d 
the  body  is  completed,  it  extends  forwards  firom 
the  pelvic  region  to  the  umbilical  orifice,  through 
which  it  passes  to  the  umbiliciil  cord. 

The  three  sections  are  united  together  by  twc 
arches — an  anterior  arch,  the  first  ct'phalic  aortal 
arch,  which  passes  through  the  mandibular  aich 
and  a  i)osterior  arch,  the  caudal  arch,  which  liei 
at  the  side  of  the  cloaca. 

In  a  short  time  four  additional  couuuunioa 
tions  are  formed  between  the  anterior  ventral  am 
the  dorsiil  jwirt  of  each  primitive  aorta ;  they  are  the  second,  third,  fourth,  am 
fifth  ce])halic  aortic  arches,  each  of  which  lies  in  the  substance  of  the  correspondin] 
visceral  arch. 

As  soon  as  the  last  a^phalic  aortic  arch  is  developed  the  rudiments  of  the  mail 
vessels  of  the  i*mbr}'o  are  established ;  and  by  a  series  of  transformations,  for  a  ful 
account  of  which  the  chapter  wliich  deiils  with  the  Vascular  System  must  b 
consulted,  there  are  formed  from  the  vessels  which  heave  been  mentioned  the  heart 
the  aorta,  the  main  vessels  of  the  head  and  neck,  the  pulmonary  artery  and  it 
primary  branches,  the  common  and  internal  iliac  arteries,  and  the  hypogastric  arteriof 
The  blood  distributed  by  the  various  arteries  is  returned  to  the  heart  by  vessel 
called  veins,  which  are  developed  in  the  substance  of  th(i  mesoderm  in  the  sam 
manner  as  the  arteries.  From  the  yolk-sac  the  blood  returns  by  the  vitellin 
veins ;  from  the  alimentary  canal  and  its  appendages,  through  the  i)ortal  and  hepati 
veins;  from  the  head  and  neck,  by  the  juguLir  veins  and  the  superior  vena  cava 
and  from  the  body  and  lower  limbs,  first  by  the  cardinal  veins,  and  afterwards  b; 
the  inferior  vena  cava  and  the  azygos  veins. 

The  heart  is  formed  by  the  fusion  of  portions  of  the  anterior  ventral  sections  c 
the  primitive  aorUe  behind  the  origins  of  the  cephalic  aortic  arches,  and,  therefon 
it  is  primitively  a  bilateral  organ.  Subsequently  it  possesses  for  a  time  a  singl 
chamber,  but  this  is  afterwards  divided     During  the  greater  part  of  fcetal  life  Ui 
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heart,  as  in  the  adult,  poesesses  four  chambers — two  auricles  or  upper  chambers,  and 
two  ventricles  or  lower  chambers,  right  and  left.  The  two  auricles  coniniunica,te 
with  the  corresjwnding  ventricles  through  auriculo- ventricular  aj^ertures,  and  with 
flich  other  through  a  foramen,  the  foramen  ovale,  in  the  septum  between  them. 
In  the  adult  the  blood  enters  the  right  auricle  by  the  superior  and  inferior 
ii£  cavse  and  the  coronary  sinus ;  from  the  right  auricle  it  passes  into  the  right 
icntricle,  by  which  it  is  proi)elled  through  the  pulmonary  arteries  and  lungs ;  re- 
tnniing  to  the  heart  by  the  pulmonary  veins  it  ^Misses  into  the  left  auricle,  and 
then  into  the  left  ventricle,  by  the  contraction  of  which  it  is  forced  into  the 
^ijBtemic  aorta.  From  the  aorta,  by  various  branches,  it  traverses  the  organs  and 
tieaes  of  the  body,  and  is  returned  again  to  the  right  auricle. 

The  course  of  the  foetal- circulation  differs  from*  that  of  the  adult;  the  blood 

puses  out  of  the  body  into  the  placenta,  to  he  oxygenated  and  purified,  tlie  lungs 

:  of  die  foetus  remaining  functionless  until  the  time  of  birth.     Very  little  of  the 

bkod  which  is  ejected  from   the   right  ventricle   at  every  contraction   of  that 

chamber  reaches  the  lungs;  the  greater  part  is  transferred  from  the  pulmonary 
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Fi.Va— Diagram  of  thi  Blood-Vessei-s  of  a  Mammalian  F^mrrto  after  the  formation  of  the  Heart. 

artery  to  the  aorta  by  an  anastomosing  channel,  the  ductus  arteriosus,  which 
disipr^iirs  after  the  pulmonary  circulation  is  established. 

Inuring  the  later  mouths  of  foetal  hfe,  blood  enters  the  right  auricle  by  the 
iap^rior  and  inferior  venaj  cava  and  through  the  coronary  sinus;  only  a  small 
iBKiunt  of  bkxKl,  viz.  that  returning  from  the  walls  of  the  heart,  enters  the  right 
whcle  through  the  coronary  sinus.  The  blood  poured  into  the  right  auricle  by 
ihe  superior  vena  cava  is  returned  from  the  head,  neck,  uppt*r  extremities,  ami  the 
tt-Tacic  walls ;  jxissing  from  the  auricle  by  the  right  auriculo- ventricular  ojx'ning 
ii  eutt-rs  the  right  ventricle;  from  the  right  ventricle  it  is  forced  into  the 
pilmonary  artery,  and  a  small  part  oi"  it  traverses  the  lungs  and  returns  to  the 
fat  auricle  l»y  the  pulmonary  veins;  the  main  part,  however,  is  conducted  by  the 
ductiw  artfiriosus  into  the  aorta  at  a  ]X)int  l)eyond  where  the  main  vessel  of  supply 
If'  the  left  upi)er  extremity,  the  left  subclavian  artery,  rises. 

The  blood  which  enters  the  right  auricle  by  the  inferior  vena  cava  is  mixed ;  it 
OMttist*  partly  of  purified  blootl  from  the  placenta,  and  partly  of  impure  blood 
Morning  from  the  abdomen  and  lower  extremities.  The  blood  from  the  placenta 
is  returned  to  the  embryo  by  the  umbilical  vein.  From  the  umbilical  vein  it  passes 
•long  a  channel  called  the  ductus  venosus,  which  terminates  in  the  u^jper  ]  art  of  the 
inferior  vena  cava.  The  mixed  blood  from  the  inferior  vena  cava  passes  through 
the  right  auricle,  traverses  the  foramen  ovale  in  the  interauricular  septum,  and 
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enters  the  left  auricle ;  from  the  left  auricle  it  is  transferred  to  the  left  ve: 
through  the  left  auriculo- ventricular  opening,  and  the  left  ventricle  ejects  i 
the  aorta.  From  the  first  part  of  the  aorta  some  of  the  blood  passes  in 
vessels  which  supply  the  head  and  neck  and  upper  extremities,  the  rem 
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Fio.  50. — Diagram  of  the  Fcetal  Cihculation. 

mixes  with  tho  blood  conveyed  to  the  aorta  by  the  ductus  arteriosus,  ai 
blood,  thus  further  mixed,  is  in  part  distributed  to  the  walls  of  the  thora 
abdomen  to^  the  abdominal  viscera  and  to  the  lower  extremities,  and  in  j 
passes  to  the  placenta. 

Before  birth,  therefore,  there  is  no  pure  arterial  or  fully  oxygenated  bl 
the  arteries  of  the  fcetua  The  blood  entering  the  heart  by  the  superior  veni 
is  venous  blood  from  the  head,  neck,  upper  extremities,  and  thorax  ;  that  en 
by  the  inferior  vena  cava  is  mixed  blood,  consisting  of  venous  blood  from  the 
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part  of  the  body  aud  the  lower  extremities,  and  arterial  blood  from  the  placenta. 
The  two  streams  do  not  mix  in  the  right  auricle,  but  the  mixed  or  more  arterial 
stTeam  passes  directly  through  the  right  into  the  left  auricle,  thence  into  the  left 
Tentricle,  and  from  the  left  ventricle  into  the  aorta  or  main  systemic  vessel,  which 
conveys  it  to  all  parts  of  the  body.    The  different  parts  of  the  body  do  not,  however, 
receive  e<|ually  oxygenated  blood,  for  the  venous  stream  which  enters  tlie  right 
auricle  by  the  superior  vena  cava,  passes  through  that  cavity  into  the  riglit  ventricle  ; 
by  the  light  ventricle  it  is  forced  into  the  pulmonary  artery,  from  which  some  small 
liart  passes  into  the  lungs,  and  so  back  to  the  left  auricle  by  the  pulmonary  veins, 
l»ut  by  far  the  greater  part  is  carried  by  the  ductus  arteriosus  to  the  aorta,  which  it 
enters  beyond  the  origins  of  the  vessels  which  supply  the  head,  neck,  and  upper 
exiremities ;  therefore  the  blood  in  the  lower  part  of  the  aorta,  which  is  distributed 
to  the  abdomen,  the  abdominal  viscera  including  the  liver,  the  lower  liml)S,  and  the 
lilacenta,  is  much  more  mixed  or  impure  (less  oxygenated)  than  that  which  is  dis- 
tributed to  the  head,  neck,  and  upper  extremities  from  the  upper  part  of  the  aorta. 


SUMMARY   OF   THE  EXTERNAL   FEATURES   OF   THK   HUMAN 
EMBRYO   AT   DIFFERENT   PERIODS   OF   DEVELOPMENT 

First  week. — The  phenomena  of  fertilisation  and  segmentation  have  not  been 
(Aystntni  hi  the  human  ovum,  but  there  is  no  reason  to  believe  that  they  differ  in  any 
ts.soniial  resi^wct  from  those  met  witli  in  the  ova  of  other  mammals.  Fertilisation  jirohably 
•x^cunj  ill  the  upper  |«irt  of  the  Fallopian  tube,  and  segmentation  is  comjileted  in  the 
k'ucr  jvirt  of  the  same  canal  by  the  sixth  or  eighth  day,  when,  presumably,  the  ovum 
Utxniios  a  morula,  and  passes,  either  as  such  or  as  a  blastula,  into  the  cavity  of  the  uterus. 
Second  week. — At  the  twelfth  day  the  ovum  is  embedded  in  the  uterine  wall ; 
it  i>  a  lenticular  vesicle, 
»liicli  ineasures  5*5  mm. 


.'.-.f 


;ui  inch)  in  length  and 


AM 


\.  Huiuati  embryo  at  tlie  end  of  the  12111  <lay  of  (leveIo|nueut  ;  li.  At  tlie, 
end  of  the  13th  day  of  development ;  V.  At  the  en«l  of  the  14th  tlay  of 
development.      (After  His.) 

\M.  Amnion;  AS.  Allantoic  stalk  ;  BS.  Hody-stalk  ;  (!V.  ('hoii<>ni<-  villi  on 
a  segment  of  the  «;horion  ;  E.  Emhryo  ;  H.  lleml  of  niihryo  ;  l*\l.  IVri- 
eaniial  region  ;  SS.  Stomatodieal  depression  :  YS.   Yolk  sa«\ 


3!tuim.  (1  of  an  inch)  in 

Ifnaidth.     Its  upper  and 

luwtr  surfaces  are  smooth 

a:iii  convex,     the     latter 

i'^iiii:    >')iiiewhat     tlatter 

tii.iH  ilii.'  former,  and  it  is 

s.irrniiiiilerl     efjuatorially 

\>}'  a  lircxul  hand  of  villi, 

-«>:neof  which  are  slightly 

^^^^L•he•i.      The    wall    of 

:!.•■  vesicle  and  the  villotis 

IP -.esses    which    project 

■piui  it   consist  of    ecto- 

•I'.niiai  cells,  and   in   the 

*nilirvonie  area,  which  is  clearly  marked   on  the   upper  surface,  there  is  an  inner  layer 

■f  LT.iijiihir  nucleated  corpuscles. 

Hv  the  end  of  the  twelfth  or  the  bepnning  of  the  thirteenth  day  the  length  of  the 
'rt'inj  has  increased  to  6  nmi.  (|  inch),  and  its  breadtii  U)  4  5  mm.  (,l  inch).  The  emhryonic 
area  i^  u(i  longer  on  the  stirface  of  the  ovum,  for  the  amnion  folds  iiave  closed.  The  yolk- 
Mc  ii>  forme<l,  and  tiie  rudiment  of  the  allantoic  duct  projects  backwards  from  tlu;  upper 
*U'J  |«.i.>terior  part  of  the  embryonic  area.  Mesoderm  has  formed,  and  it  has  extende*! 
p'jrj.j  the  yolk-sac  and  over  the  inner  surface  of  the  chorion.  The  embryonic  area,  with 
trie  volk-sac  atid  the  amnion,  are  enclosed  within  the  blasUKlerm,  but  they  remain 
atU4;he<l  to  the  intier  surface  of  the  chorion  by  a  relatively  thick  stalk  of  ectodiMiiial  and 
awjofjermal  tissue,  the  body-stalk,  which  is  subsetjuently  replaced  by  the  umhilical  eord. 
The  outer  surface  of  the  ovum,  which  now  consists  entirely  of  chorion,  is  covered  with 
fluall  villi  into  some  of  winch  mesodermal  cores  are  projecting. 

Ohviously  the  ovum  of  the  latter  part  of  the  twelfth  day  differs  considerably  from 
tliut  of  the  earlier  part  of  the  same  day,  but  the  transitional  stages  which  intervene 
l*tween  the  two  have  not  yet  been  observed.  Probably,  however,  the  inner  granular 
Ujer  of  cells  iu  the  embryonic  area,  which  represent  the  entoderm,  increase  and  form  a 
solid  mass  in  which  a  cavity  soon  appears.  Directly  after  the  formation  of  the  cavity  in 
tlie  eDtodemi  the  primitive  streak  appears,  and  the  mesoderm,  growing  fnnn  it,  rapidly 
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covers  the  entodermal  siic  and  spreads  over  the  inner  surface  of  the  chorionic  area.  At 
the  same  time  the  amniotic  folds  form  and  separate  from  the  chorion,  but  this  separation  ii 
not  effected  till  the  mesoderm,  extending  backwardii  from  the  posterior  end  of  the  embryonic 
area,  has  reached  and  becomes  connected  with  the  inner  surface  of  the  chorion.  Conser^uentJr, 
when  tiie  amniotic  folds  fuse  together  and  separate  from  the  remainder  of  the  blastoderm, 
the  embryonic  area  with  the  yolk-sac  and  amnion  still  remain  attached  to  the  inner 
surface  of  the  chorion. 

During  the  thirteenth  day  the  embryonic  area  is  elevated,  the  cephalic  and  caudil 
folds  are  developed,  and  the  pericardial  region  becomes  prominent  between  the  head, 
extremity  of  the  embryo  and  the  upper  and  anterior  part  of  the  yolk-sac.  The  neunl 
groove  and  the  neural  folds  appear ;  the  i)osterior  ends  of  the  folds  embrace  the  anterior* 
extremity  of  the  })rimitivc  streak  on  which  the  primitive  groove  is  formed.  At  th^ 
anterior  end  of  the  primitive  groove  a  neurenteric  canal  appears,  forming  a  communicatioKi 
between  the  neural  groove  and  the  posterior  end  of  the  primitive  alimentary  canal 

On  the  fourteenth  day  the  embryo  is  more  distinctly  separated  from  the  yolk-sac ;  tlics 
head  increases  considerably  in  size,  and  its  anterior  part  is  bent  downwards.  The  posteriox- 
l>art  of  the  neural  canal  is  completed,  except  at  the  extreme  end,  by  the  meeting  and  fusiowm 
of  the  neunil  folds,  but  it  is  still  open  anteriorly,  where  traces  of  the  cerebnd  vesicles  anc* 
present.  The  two  halves  of  the  heart  fuse  tf>gether  ;  the  single  tube  thus  fonned  iaa 
slightly  bent  upon  itself,  and  its  outline  is  visible  from  the  exterior.  The  pericardia.  1 
region  increases  in  size,  and  a  distinct  stomatodwal  space  appears  between  it  and  th.  «3 
anterior  jwirt  of  the  head.  The  outlines  of  fourteen  protovertebral  somites  are  visible  ox » 
the  outer  surface  of  the  Ixxlv. 
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Fnj.  52. 


I),    lliinian  embryo  at  tin*  '2\st  day  of  devfloinneiit  ;  E.    At  tlie  23r(l  day  «>f  ilevulopiiifiil  ; 
F.   At  the 'Jrth  <lay  of  devflopment.     (After  His.) 

AS.  Allantoic  sXiiik  ;  BS.  Hodv-stalk  ;  CV.  Chorionic  villi  on  a  st'gnjent  of  the  chorion  ;  KY.  Eve  ;  FL  Fore* 
limb;  H.  Head:  II  A. 'h  void  arch  ;  HL.  Himl-linib ;  MA.  Mandibular  arch  ;  MB.  Mi'd-brain  :  MP. 
Maxillary  jiroceHK  ;  01*.  Olfiu'tory  ]>it  ;  OV.  Otic  ve«icl«  ;  PR.  IVricanlial  region  :  PS.  Protovertebral 
«oniit»*  ;  SS.  Stoniato<ljpal  sjMice  :  Vi\  Umbilical  •■onl  :  VC.  Vi«ccral  cleft  ;  WR.  WoKMan  ridpe  ;  YS. 
Yolk-sac. 

Third  week.  Ou  the  fifteenth  day  the  auditory  pits  and  two  visceral  clefts 
appear.  The  head  and  pericardial  region  enlarj^e,  and  the  stomatoda?al  space,  which 
increases  simultaneously,  becomes  more  defined  laterally  by  the  forward  jrniwtii  of  the 
maxillary  j)rocoKses. 

Wy  the  end  of  the  thinl  week  Wolffian  ridiires  appear  below  the  ventral  ends  «)f  the 
I)rot^»vertel)ral  somites;  they  are  most  marked  in  the  thoracic  and  j)elvic  regions,  where 
i)ud-like  projections  form  the  rudiments  of  the  limbs.  Four  visceral  clefts  are  visible,  and 
there  is  a  distinct  tail. 

Fourth  week.  —  The  embryo  is  curved  u|K)n  itself,  and  its  otitline  is  almost 
circular.  The  viscenU  arches  l)egin  to  overlap  each  other.  The  nidiments  of  the  extemiU 
ear  are  just  visible  as  small  noflules.     The  limb  rudiments  are  flat,  oval  buds. 

Fifth  week.-  The  ctirvature  is  (liminishcd,  and  the  head  an<l  neck  form  about 
half  the  embryo.  The  eye  is  recognisaV»le  externally.  The  nose  begins  to  grow  forwards, 
but  it  is  still  broad  and  flat„  and  tlie  nostrils  are  widely  apart.  The  Ufidular  elements  of 
the  external  ear  fuse  together.  The  segments  of  the  limbs  are  defined,  but  the  digits  do 
not  project  beyond  the  ends  of  the  limb-buds.  The  genital  tubercle,  the  rudiment  of  the 
external  generative  organs,  is  formed. 

Sixth  week. — During  the  sixth  week  the  increase  in  size  is  less  rapid  than  in 
jjrevious  stiiges,  but  the  embrj'o  begins  to  assume  a  njore  tlistinctly  human  form.     The 
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I  remains  relatively  large  and  it  is  bent  at  right  angles  to  the  body.     The  neck  is 
er  defined  and  appears  as  a  constricted  region  between  the  Uead  and  trunk.     The 
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Fio.  53. 
U.  HuDun  euibryo  at  the  29th  day  of  development ;  H.   At  the  32iid  day  of  development.     (After  His.) 
!L  Ru'liment  of  ear  ;  EY.  Eye;  Fli.  Fore-limb;  HA.  Hyoid  arch  ;  HL.  Hin«l-limb  ;  MA.  Mandibular  arch  ; 
MB.  Mid-brain  ;  MP.   Maxillary  process  ;  OP.   Olfactory  pit ;  PR.   Pericardial  region  ;  VC   Umbilical 

iaiillan-  processes  fuse  with  the  lateral  nasal  processes,  and  the  lips  and  eyelids  begin  to 
ssttwe  their  characteristic  form.  The  outer  parts  of  all  tlie  visceral  clefts  except  the 
Ti>niandibular  disap[)ear.     The  external  ear  aapiires  its  adult  fonn.     The  rotation  of 


¥lu.  51. — HCMAN    FCETUS   AT   THE    SIXTH    WEKK  FlO.  5').       HTMAN    FcKTlS    SIX    AND    A 

OF  Dkveloi'MBnt.     (After  His.)  half  wekks  old.     (After  His.) 

.  IMeitt  :  EEL  Kudiment  of  ear ;  FL  Fore-limb;  HL.  Himl-limb  ;  MP.  Maxillary  process  ;  N.   Nose; 

UC.  IJiiibilical  cord. 

limbs  commences,  and  the  finjjjers  reach  tlio  oxtroniity  of  the  liand  ;  the  tail  is 
inning  to  disappear  as  an  external  projection. 

Seventh  week. — The  flex\ire  of  the  head  upon  the  body  is  reduced.  The  nose 
jetts  more  than  in  the  preceding  sUige,  and  the  cliin  a])})oarH.  Tiie  toes  reach  the 
rgins  of  the  feet,  and  the  projecting  |K)rtion  of  the  tail  is  still  further  reduced  in  length. 
Eighth   week.  —  The    flexure    oi    the    head    disajipears.     The    forehead    projects. 
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The  nose  narrows  and  becomes  more  prominent,  but  the  anterior  nasal  orifices  i 
directed  forwards.  The  upper  lip  is  completed  by  the  fusion  of  the  globular  pi 
The  thumb  is  widely  separated   from   the  fingers,  and   the  hand  assumes  a  di 

human  appearance.  The  tail  is  reduced  tc 
nodule,  and  the  umbilical  cord  is  atUichc 
lower  part  of  the  abdominal  wall.  At  th 
the  second  month  the  total  length  of  th* 
excluding  the  legs,  is  28  mm.  (1 J  in.). 

Third  month. —  The  head  gro 
rapidly  and,  though  it  is  still  large,  it  is  re 
smaller  in  proportion  to  the  whole  bodj 
eyelids  close,  and  their  margins  fuse  t4 
The  neck  increases  in  length.  The  vario 
of  the  limbs  assume  their  definite  pro])orti 
nails  appear  on  the  fingers  and  toes.  The 
dajumisformedandtheextemalgenerativ 
are  differentiated,  so  that  the  sex  can  bt 
gtiished  on  external  examination.  The  i 
rosy  colour,  thin  and  delicate,  but  morecoi 
than  in  the  preceding  stages.  By  the  en 
third  month  the  total  length  of  the  fa' 
eluding  the  legs,  is  7  cm.  (2  ^  in.)>  i^clut 
legs,  9-10  cm.  (35-4  in.),  and  it  weigl 
100-125  grammes '(3i-4i  oz.). 

Fourth  month.— In  the  fourth 
the  skin  becomes  firmer,  and  fine  hairs 
veloped.  The  disproportion  between  t 
and  hind  limbs  distippears.  If  the  fu?tus 
at  this  [)eriod  it  may  live  for  a  few  hou 
total  length  from  vertex  to  heels  is  16-20ci 
in.),  from  vertex  to  coccyx  12-13  cm.  (4  J 
and  it  weighs  from  230-260  grammes  (8^ 
Fifth  month. — The  skin  becomes 
the  hairs  are  more  developed,  and  se 
matter  appears  on  the  surface  of  the  bodj 
legs  are  longer  than  the  arms,  and  the  ur 
is  farther  from  the  pubis.  At  the  end 
month  the  total  length  of  the  fa't\is,  fron 
to  heels,  is  25-27  cm.  (10-lOJ  in.),  from  vertex  to  coccyx  20  cm.  (8  in.),  and  its 
weight  is  al>out  half  a  kilogramme  (1  ^^^^  lbs.). 

Sixth  month. — The  skin  is  wrinkled  and  of  a  dirty  reddish  colour.  Th 
are  stronger  and  darker.  The  de{)osit  of  sebaceous  matter  is  greater,  especiall}' 
axilhe  and  groins.  The  eyelashes  and  eyebrows  apjxjar.  At  the  end  of  the  mo 
total  length  of  the  fa>tus,  from  vertex  to  heels,  is  from  30-32  cm.  (12-12:  in.), 
avenige  weight  is  alK)ut  one  kilogramme  {2\  lbs.). 

Seventh    month.  —  The  skin  is  still  a   dirty  red  colour,  but   it   is   lights 
in  the  previous  month.     The  body  is  more  plump  on  account  of  a  greater  deix)sit 
cutaneous  fat.     The  eyelids  reopen,  and  the  fcutus  is  capable  of  living  if  Iwrn 
pericMl.     Its  tot^l  length  at  the  end  of  the  month,  measured  from  vertex  to  heels,  i 
cm.  (14-I4'r  in.),  and  its  weight  is  about  one  and  a  half  kilogrammes  (3;*j  lbs.). 

Eighth  month. — The  skin  is  completely  covered  with  sebaceous  deposit 
is  thickest  on  the  head  and  in  the  axilla;  and  groins,  and  its  colo\ir  changes  to  a 
flesh  tint.  The  umbilicus  is  farther  from  the  pubis,  but  it  is  not  yet  at  the  centn 
body.  The  total  length  of  the  fa'tus,  from  vertex  to  heels,  is  40  cm.  (16  hi.),  and  its 
varies  from  2  to  2i  kilogrammes  (4J-5i  lbs.). 

Ninth  month.  —  The  hair  begins  to  di8aj)pear  from  the  body,  but  it  i 
long  and  abundant  on  the  head.  The  skin  becomes  paler,  the  plumpness  increaj 
the  umbilicus  reaches  the  centre  of  the  iKxiy.  At  the  end  of  the  ninth  month,  w 
fo>tiis  is  born,  it  measures  about  50  cm.  from  vertex  to  heels  (20  in.),  and  it  weig 
3-3J  kilogniunnes  (^\^o-'*jii  \hs.). 

The  age  of  a  foetus  may  W  estimated  approximately  by  Hasst^'.s  rule,  viz.  l-ji  to  t 
month  the  length  in  centimeters,  the  lower  nmbs  being  included,  equal.s  the  yquai-e  of 
in  months,  and  after  the  fifth  month  the  length  in  centimeters  equals  the  age  multiplied 


Fig.  56.— Human  F«ETrs  eight  and  a  oalk 
WEEKS  CM).     (After  His.) 

GK.  (leiiital  einiueiicc  ;  UC.   Umbilical  cord. 
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OSTEOLOGY. 

THE  SKELETON. 
By  Arthur  Thomson. 

The  term  skeleton  (from  the  Greek,  o-kcXctos,  dried)  is  applied  to  the  parts  which 
remain  after  the  softer  tissues  of  the  body  have  been  disintegrated  or  removed, 
ud  includes  not  only  the  bones,  but  also  the  cartilages  and  ligaments  which  bind 
them  together.  In  the  restricted  sense  of  the  word  the  skeleton  denotes  the 
OMeous  framework  of  the  body.  It  is  in  this  sense  that  it  is  generally  employed  in 
koman  anatomy. 

The  skeleton  serves  to  support  the  softer  structures  which  are  grouped  around 
it,  and  also  ^tlbrds  protection  to  many  of  the  delicate  organs  which  are  lodged 
within  its  cavitiea  By  the  articulation  of  its  several  parts,  its  segments  are  con- 
verted into  levers  which  constitute  the  passive  portion  of  the  locomotory  system. 
£ecent  research  has  also  proved  that  certain  cells  found  in  bone -marrow  are 
intimately  associated  with  the  development  and  production  of  some  of  the 
corpuscles  of  the  blood. 

Bone  may  be  regarded  as  white  fibrous  tissue  which,  having  become  calcified, 
has  undergone  subsequent  changes,  so  as  to  be  converted  into  true  osseous  tissue. 
Most  probably  all  bone  is  of  membranous  origin,  but  it  may  pass  through  a  stage 
in  which  cartilage  plays  an  important  part  in  its  development.  In  many  instances 
tbe  cartilage  persists,  and  is  not  converted  into  bone,  as  in  the  case  of  the  articular 
cartilage  which  clothes  the  joint  surfaces,  the  nasal  septum,  the  cartilages  of  the 
noee,  and  the  cartilages  of  the  ribs.  A  persistence  of  the  membranous  condition 
■  met  with  in  man  in  the  case  of  the  tentorium  cerebelli,  which  in  some  groups 
of  animals  (Camivora)  is  converted  into  a  bony  partition. 

Skeletal  structures  may  be  derived  from  each  of  the  three  layers  of  tlie 
trikniinar  blastoderm.  The  exo-skeleton  includes  structures  of  ectodermal,  and 
mm  of  mesodermal  origin  in  the  shape  of  hair,  nails,  feathers,  teeth,  scales,  armour- 
plates,  etc.,  whilst  the  endo-skeleton,  with  which  we  are  more  particularly  concerned, 
is  krgely  derived  from  the  mesoblastic  tissue,  but  also  includes  the  notochord,  an 
cntodermal  structure  which  fornis  the  primitive  endo-skeleton,  around  which  the 
axial  skeleton  is  subsequently  developed  in  the  Vertebrata.  The  endo-skeleton  is 
divisible  into  an  axial  portion,  appertaining  to  the  trunk  and  head,  and  an  appen- 
dicular part  associated  with  the  limbs.  It  also  includes  the  splanchnic  skeleton, 
which  comprises  certain  bones  developed  in  the  substance  of  some  of  the  viscera, 
Stth  as  the  os  cordis  and  os  penis  of  certain  mammals.  In  man,  perhaps,  tlie 
cartilaginous  framework  of  the  trachea  and  bronchi  may  be  referred  to  this 
eyiteuL 

The  number  of  the  bones  of  the  skeleton  of  man  varies  according  to  age. 
Owing  to  a  process  of  fusion  taking  place  during  growth,  the  number  in  the  adult 
ifi  leas  than  the  number  in  the  child.  The  following  table  does  not  include  the 
lenmoid  bones  which  are  frequently  developed  in  tendons,  the  most  constant 
Mcks  of  this  description  being  those  in  relation  to  the  metaoarpo-phalangeal 
joint  of  the  thumb,  and  the  metatarso-phalangeal  joint  of  the  great  toe. 
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The  luble  rei)r(*sonta  the  numbur  ol  })ones  distinct  and  separable  during  adn] 
life:- 

Single  IWuus.     Pairs.  TouL 

I' The  vertebral  cohimn  20  ...  26 

Tlie  skull  .             .  .           «i               S  22 

vwiiii  ^sK«.•lL•^/fnl                      The  stenuun          .  1  ...  1 

The  ribs    .  ....  12  24 

%         I  The  h void  W      .  1  ...  I 

.           ,.     T       ,    I  ,           I  Tlie  upper  lmlb^s    .  ...  32  f»4 

.Vppemlu'uliir  skeleton        ',,.     i    ^     i-    i  .>i  ^o 

''                                        1  I  he  lower  liiiib.s     .  ...  Jl  02 

The  ossicles  of  tlie  e:ir  ....                 3  0 
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Bones  are  often  classified  according  to  their  shai)e.  Thus  long  bonds,  thi 
is  to  say.  bones  of  elongated  cylindrical  tbrui,  are  more  or  less  characteristic  > 
the  limbs.  Broad  or  flat  bones  are  plate-Iikc,  and  serve  as  protective  coverings  i 
the  structures  they  overlie ;  the  l)ones  of  the  cranial  vault  display  this  particuli 
form.  Other  bone.n,  such  as  the  carpus  and  tarsus,  are  termed  short  bones  ;  whil 
the  bones  of  the  cranial  bjise,  the  face,  and  the  vertelinc,  are  frequently  referred  1 
as  irregular  bones. 

Various  descriptive  terms  arc  applied  to  the  prominences  commonly  met  wit 
on  a  bone,  such  as  iuherosity,  emincncCy  ^>rt>/w6er«/w^,  ^m;ce,ss,  tubercle,  spin 
ridge,  crest,  and  line.  These  may  he  articular  in  their  nature,  or  may  serve  i 
points  or  lines  of  nmscular  and  ligamentous  attachment.  The  surface  of  tlie  boi 
may  be  excavated  into  pits,  (Irprcssions,  fosscr^  cavities,  furrows,  t/rooves,  ac 
7iotches.  Tliese  may  be  articular  or  non-articular,  the  latter  serving  for  the  race] 
tion  of  organs,  tendons,  ligaments,  vessels,  and  nerves.  In  some  instances  tl 
substance  of  the  bone  is  hollowed  out  to  form  an  air  space,  sinus,  or  antrui 
Bones  are  traversed  \iy/o/'a)/ii/ia  anil  canals ;  these  may  be  for  the  entrance  and  ex 
of  nutrient  vessels,  or  for  the  transmission  of  vessels  and  nerves  from  one  region  ; 
another.  A  c/e/t,  hiatus,  or  ^fissure  serves  the  same  i)uri>ose.  Channels  of  this  kii 
are  usually  plac(»d  in  the  line  of  a  suture,  or  correspond  to  the  line  of  fusion  of  tl 
primitive  portions  of  the  bone  which  they  pierce. 

Composition  of  Bone. — Bone  is  com]K>sed  of  a  combination  of  organic  at 
inorganic  substane<*s  in  about  the  projiortion  of  one  to  two. 

Organie  matter  (Fjit  ('olla;:eu)  .  .  31*04 

Mineral  maiter — 

(  aleie  phosphate  .... 

Calcic  carbonate    .... 

(  alcic  Ihioride       .... 

Ma'^ne.>ic  j»hosphate 

S(xlie  eliloride        .... 

10000 

The  animal  matter  may  l»e  removed  by  boiling  or  charring.  According  to  tl 
completeness  with  which  the  fibrous  elements  have  been  withdrawn,  so  the  brittl 
iiess  of  the  bone  increa.^es.  When  subjected  to  high  temperatures  the  eartl 
matter  alone?  remains.  By  soaking  a  Ixme  in  acid  the  SJilts  may  be  dissolved  oi 
leaving  only  the  organic  j)art.  The  sha]K'  of  the  bone  is  still  retained,  though 
has  now  become  soft,  and  can  be  )>ent  about  in  any  direction. 

Hone  may  ))e  examined  either  in  the  fresh  or  dry  condition.  In  the  form 
state  it  retains  all  its  organic  parts,  which  include  tin?  fibrous  tissue  in  and  aroui 
it,  the  blood-ve.ssels  and  their  contents,  together  with  the  cellular  elements  foui 
within  the  substiince  of  the  i»one  itself,  and  the  marrow  which  occui>ie8  tlie  liBiaii 
spaces  and  njarrow  cavity.  In  the  dried  or  macerated  bone  most  of  these  lia 
disiip])eared,  though  a  consiilerable  portion  of  the  organic  matter  still  remaii 
even  in  Ixnies  of  great  antiquity  and  in  a  more  or  less  fossil  condition.  Co 
sidering  its  nature  and  the  amount  of  material  employed,  bone  possesses  a  rcuiar 
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aUe  strength,  ecjUiil  to  nearly  twice  that  of  ouk,  whilst  it  is  capable  of  resisting  a 
greater  crushing  strain  ;  it  is  stated  that  a  cubic  inch  of  bone  will  support  a  weight 
uf  over  two  tons.  It.s  elasticity  is  remarkable,  and  is  of  the  greatest  service  in 
eDjMing  it  to  withstand  the  shocks  to  which  it  is  so  frequently  subjected.  In 
ftviyiis  where  wood  is  scarce  the  natives  use  the  ribs  of  large  mammals  as  a  sub- 
stitute iu  the  construction  of  their  bows.  Its  hardness  and  density  vary  in  different 
jtjrts  of  the  skeleton,  and  its  permanency  and  durability  exceed  that  of  any  other 
ti*iue  of  tlie  body,  except  the  enamel  and  dentine  of  the  teeth.  The  osseous  remains 
oi.i  nii-e  over  eighty  centuries  old  is  now  being  excavated  iu  Egypt. 

Stmctnre  of  Bone. — The  structure  of  the  lx)ne  varies  with  tlie  form  of  the 
i*mv  t^xamined.  If  a  long  bone  l)e  studied  in  section,  ttie  shaft  or  diaphysis  is  seen 
li  l^  hollow,  displaying  a  cavity  of  elongated  shape,  which  contains  the  soft 
leniiLir  nKirr«»w.  Around  this,  the  bone  is  deposited  in  spicules  so  as  to  form  a 
k<«se  a-^setjus  mcshw^ork,  wliich  becomes  denser  as  it  reaches  the  circumference,  and 
gnuluidly  mergt^s  with  the  compact  layer  which  forms  the  outer  investing  envelope. 
The  extn*mities  of  the  bone,  usually  developed  from  separate  or  secondary  centres 
tilled  epiphyses,  .ire  composed  of  cancellous  tissue,  usually  finer  in  the  grain  and 
not,  a.-*  a  rule,  displaying  any  medullary  cavity.  Here  tlie  confining  shell  of  bone 
istbin.  and  displays  none  of  the  stoutness  which  is  so  characteristic  of  the  outer 
layiH  in  the  shaft.  In  the  recent  condition,  the  extremities  are  Ciirtilage-covered 
wliere  they  enter  into  the  formation  of  joints.  In  tlat  bones  tlie  osseous  tissue  is 
iiis|wseil  in  two  comi)act  layers,  with  a  layer  of  softer  cancellous  bone,  here  called 
ilif  diploe,  sandwiched  in  between.  There  is  no  medullary  cavity,  although  in  certain 
regions  the  subst^ince  of  the  diploe  may  be  alisorbed,  thus  iorming  air-spaces  or  air- 


True  lK)ne  dillers  from  calcified  cartilage  or  membrane  in  that  it  not  merely 
MisUts  of  the  depositi(m  of  earthy  salts  within  its  matrix,  but  displays  a  definite 
*rrrm,;'ement  of  its  organic  and  inorganic  ])arts.  Dense  lK>ne  merely  difiers  from 
Ijose  or  cancellous  lx)ne  in  the  compactness  of  its  tissue,  the  characteristic  feature 
oi  wliich  is  the  arrangement  of  the  osseous  lamellas  to  form  what  are  called 
Eftfosiin  systems.  These  consist  of  a  central  or  Haversian  canal  which  contains 
Ae  vtsaels  of  the  bone.  Around  this  the  osseous  lamellsB  are  arranged  con- 
teutrii.-ally,  sejiarated  here  and  there  by  interspaces  called  lacunae,  in  which  the 
kne  loquiscles  are  lodged.  Passing  from  these  lacunie  are  many  tine  channels 
allnl  canaliculi.  Tliese  are  disposed  radially  to  the  Haversian  canal,  and  pass 
ilirocjjh  tlie  osse<.>us  himelhe.  They  are  occupied  by  the  slender  processes  of  the 
kne  C'jrjiUfiicIes.  Each  Haversian  system  consists  of  from  three  to  ten  concentric 
riai,^  of  Jisseous  lamellie. 

Iu  addition  to  the  lamellie  of  the  Haversian  systems  there  are  others  which  are 
termed  the  interstitial  lamellsB;  these  occupy  the  intervals  between  adjoining 
Haversian  systems,  and  consist  of  Haversian  systems  which  have  undergone  a  proces.s 
^•fpartial  abst;»rption.  Towards  the  surface  of  the  bone,  and  subjacent  to  the  i)eri- 
*Teal  Djembrane  which  surrounds  the  shaft,  there  are  lamelhe  arranged  circum- 
bvDtially ;  these  are  sometimes  referred  to  as  the  outer  fundamental  lamellse. 
n*  periosteal  membrane  which  surrounds  the  bone,  and  which  ])lays  so  important 
*pirt  in  it«  development,  sends  in  process^^s  through  the  various  Haversian  systems, 
rtich  carry  with  them  vessels  and  cells,  thus  tunning  an  organic  meshwork 
Around  which  the  earthy  salts  are  de])0sited. 

The  interior  of  the  bone,  viz.  the  marrow  cavity,  and  the  iiitei*si>aces  withiu  the 
'>*ntelloiis  tissue,  as  well  as  some  of  the  larger  Havtjrsiaii  canals,  are  occu]»ied  l)y 
'lirf  maxTow  i.»r  medulla  of  the  bone.  Tliis  varies  consiilerably  in  its  composition  in 
-iflerent  loues.  In  the  medullary  cavity  of  the  shafts  of  the  long  bonus  it  consists 
winly  of  fat  cells,  together  with  a  few  marrow  ct^lls  proj^ur,  support-tul  by  a  kind 
•f  letiform  ti.ssue,  and  is  known  as  the  yellow  marrow.  In  other  situations,  viz. 
nthe  dipli>e  of  the  cranial  Inmes,  in  the  cancellated  tissue  of  tlie  epii)hyses  of  the 
*mg  liones,  the  vertebra,  the  sternum,  and  the  ribs,  the  marrow  is  more  llui<l  in  its 
"CAiatence,  contains  less  fat,  but  is  characterisetl  by  the  presence  of  marrow-cells 
['Toper,  which  resemble  in  some  respects  colourless  bluod  corpuscles.  In  addition 
^' these,  however,  there  are  smaller  reddish  coloured  cells,  akin  to  the  nucleated  red 
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coriniscles  of  the  blood  of  the  embryo.  It  is  those  cells  (en'throblasts)  which  aiE 
coiiceriu'd  in  the  forimition  of  the  coloured  corpuscles  of  tlie  blood.  Marrow  which 
displays  these  characteristic  appeiirances  is  distinguished  from  the  yellow  varielgp 
already  described  by  being  called  the  red  marrow.  In  the  diploe  of  the  cnmiil 
bones  of  aged  individuals  the  marrow,  which  has  undergone  degenerative  changtfi 
is  sometimes  referred  to  as  the  gelatinous  marrow. 

Ai)art  from  the  adaptation  of  form  rendered  necessary  by  the  use  to  which  the 
bone  is  put,  external  intluences  are  seen  to  react  upon  the  intimate  structure  ol 
the  bone  itself.  Thus,  if  sections  of  diflferent  bones  be  made,  the  structural  arrange- 
ment of  their  cancellous  and  dense  tissue  is  seen  to  vary.  In  long  bones  the  wdb 
of  the  shaft  are  thick  and  strong,  more  particularly  towards  the  concave  side  if  the 
shaft  happens  to  be  bent.  The  marrow  cavity — largest  towards  the  centre- 
gradually  tapers  towards  the  extremities,  being  encroached  upon  by  the  surroand- 
ing  cancellous  tissue,  which  is  disposed  in  lines  converging  towards  the  extremitieiB 
like  the  sides  of  a  vaulted  arch,  thereby  forming  platforms  on  which  the  epiphyeai 
are  sui)])orted.  The  surfaces  of  these  platforms  are  not  smooth,  but  so  arranged 
as  liest  to  withstand  the  strain  to  which  the  epiphyses  are  habitually  subjecteA 
Such  provision  is  necessary  in  order  to  obviate  the  tendency  to  separation,  wbiot 
might  otherwise  occur  prior  to  the  complet-e  osseous  union  of  the  diaphysis  wift 
the  epii»hysis.  In  the  epiphysis  itself  the  arrangement  of  the  fibres  of  ibi 
cancellous  tissue  is  determined  by  the  disixwition  of  the  articular  surfaces.  Th< 
ossciHis  lamellae,  as  a  rule,  are  disposed  at  right  angles  to  the  planes  of  the  articulv 
facets,  whilst  they  are  bound  together  by  other  lamellai  arranged  conformably  witi 
these  articular  planes.  The  former  correspond  to  the  direction  of  greatest  pressuic 
whilst  the  latter  agree  with  the  lines  of  greatest  tension.  In  cases  where  there  h 
an  outstanding  process  projecting  from  the  shaft,  as,  for  example,  the  head  an4 
neck  of  the  femur,  a  section  of  the  bone  displays  a  bracket-like  arrangement  of  tlw 
osseous  fibres  of  the  cancellous  tissue,  which  assists  materially  in  strengthening  tb 
bone. 

Ossification  and  Growth  of  Bones. — For  an  account  of  the  earlier  developmeK 
(^f  the  skeleton  the  reader  is  referred  to  the  section  on  Em])ryology.  Concerning  Hba 
subsequent  changes  which  take  place,  these  are  dependent  on  the  converaion  of  tlM 
seleratogenous  tissue  into  membrane  and  cartilage.  A  characteristic  of  this  Uman 
is  that  it  contains  elements  which  become  formed  into  bone-producing  cells,  callei 
osteoblasts.  These  are  met  with  in  the  connective  tissue  from  which  the  membiaa^ 
l»oiies  tire  formed,  whilst  they  also  appear  in  the  deeper  layers  of  the  inve8tiiL| 
tissue  of  the  cartilage  (perichondrium),  and  so  lead  to  its  conversion  into  the  bone 
]»rodu(ing  layer  or  periosteum.  All  true  bone,  therefore,  may  probably  be  regarded 
as  of  nuMnl>ranous  origin,  though  its  appearance  is  preceded  in  some  instances  b^ 
the  deposition  of  ciirtiiage ;  in  this  case  calcification  of  the  cartilage  is  an  essentia 
stage  in  the  jirocess  of  bone  formation,  but  the  ultimate  conversion  into  true  boni 
with  characteristic  Haversian  systems,  leads  to  the  absorption  and  disappearance  d 
this  i)rimitive  calcified  cartilage. 

Membrane  bones  are  such  as  have  developed  from  fibrous  tissue  withott 
haviiiir  ]>jissed  through  a  cartilaginous  stage.  Of  this  nature  are  the  bones  of  th 
cranial  vault  and  the  majority  of  the  bones  of  the  face,  viz.  the  superior  mazillsE 
malars,  nasals,  lachrymals,  and  palate  bones,  as  well  as  the  vomer.  The  interna 
pterygoid  ])lale  is  also  of  meni}>ranous  origin. 

Cartilage  bones  are  those  which  arc  preformed  in  cartilage,  and  include  moi 
of  the  bones  of  the  skeleton.  Their  growth  is  oft(»n  described  as  endochoi^dn 
and  cctochondral,  the  former  term  implying  the  deposition  of  membrane  bone  i 
the  c(»ntrc  of  tli(^  cartilage,  while  the  latter  signifies  a  deposit  of  membrane  lx)ne  o 
the  surface  of  the  cartilage,  the  osteogenetic  layer  (»n  the  surface  of  the  cartilag 
l).4ng  called  the  perichondrium  till  onc«  Inme  has  been  formed,  when  it  is  calle 
the  periosteum. 

In  the  course  of  the  development  of  a  lx)ne  from  membrane,  as,  for  exampl 
the  parietal  bono,  the  fibrous  tissue  corresponding  to  the  jwsition  of  the  priiuar 
centre  becomes  osteogenetic,  l^ecause  here  appear  tlie  bone-forming  cells  (osteoblasts 
which  rapidly  surround  themselves  with  a  bony  deposit  more  or  less  spicular  i 
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imni.'eineut.  As  growth  goes  on  these  osteoblasts  become  t^mbedded  in  the  ossify- 
inj:  matrix,  and  remain  as  the  corpuscles  of  the  future  bone,  the  spaces  in  wliich 
Lhey  art^  lodged  corre^sponding  to  the  lacunie  and  wmalicMili  of  the  fully  developed 
Kseous  tissue.  From  the  primary  centre  ossification  spreads  eccentrically  towards 
:Le  margins  of  the  bone,  where  ultimately  the  sutures  are  formed.  Here 
;ie  growth  rendered  necessary  by  the  exi)ansion  of  tlie  cranium  takes  place 
ibnwgh  the  agency  of  an  int-ervening  layer  of  vjiscular  connective  tissue  rich  in 
KErtiMast^s ;  but  in  course  of  time  the  activity  of  this  is  reduced  until  only  a  thin 
fver  of  intermediate  tissue  persists  along  the  line  of  the  suture;  this  may  eveutu- 
illv  become  absorl>ed,  leading  to  the  obliteration  of  the  suture  by  the  osseous  union 
if  the  contiguous  bones.  Whilst  the  expansion  of  the  bone  in  all  directions  is 
Jbu>  provideil  for,  its  increase  in  thickness  is  determined  by  the  activity  of  the 
uhierlying  and  overlying  strata.  These  fomi  the  periosteum,  and  furnish  the 
limellae  which  constitute  the  inner  and  outer  compact  osseous  layers. 

lu  a  cartilage  bone  changes  of  a  similar  nature  occur.  The  cartilage,  which  may 
be  reganled  histologically  as  white  fibrous  tissue  +  chondro-sulphuric  acid  and  a 
ootain  amount  of  lime  stilts,  undergoes  the  following  clianges : — First,  the  cartihige 
odb  being  arranged  in  rows,  Income  enlarged ;  secondly,  the  matrix  l)etween  the 
eutilaire  c«lls  Ixjcomes  calcified  by  the  deposition  of  an  additional  amount  of  lime 
Bits;  thirdly,  the  rows  of  cells  liecome  conlluent;  and,  fourthly,  into  tlie  spaces  so 
fcnutJ  extend  the  blood-vessels  derived  irom  the  vascular  layer  of  the  periosteum. 
Aotoniiianying  these  vessels  are  osteoblasts  and  osteoclasts,  the  former  building  up 
tree  iHiiie  at  the  expense  of  the  calcified  cartilage,  the  latter  causing  an  absorj)tion  of 
tk newly-fonned  lK>ne,  and  leading  to  its  conversion  into  a  marrow  ca,vity,  so  tiiat 
indue  ouurse  all  the  cartilage  or  its  products  disiip])ear.  At  the  same  time  that  this 
isukiiig  place  within  the  cartilage,  the  perichondrium  is  undergoing  conversion  in^o 
lhe[wiij.sleum,  an  investing  membrane,  the  deeper  stratum  of  which,  highly  vascular; 
famishes  a  layer  of  osteoblast  colls  which  serve  to  develop  the  circumferential^^ 
limelLi:  of  tlie  bone.  It  is  by  the  accrescence  of  these  layers  externally,  and  their 
ibsflfptiou  int4?rnally  through  the  action  of  the  osteochust  cells,  that  growtli  takes 
jJice  transversely.  A  transverse  section  of  the  shaft  of  a  long  bone  shows  this 
%y  clearly.  Centrally  there  is  the  marrow  cavity,  formed  primarily  by  the 
dawrjition  of  the  calcified  cartilage;  around  this  the  cancellous  tissue  produced 
iff  the  partial  erosion  of  the  primary  |.Kiriosteal  bone  is  disposed,  w^hilst  cxlernully 
ibferel-*  the  den.re  envelope  made  up  of  the  more  recent  periosteal  growLli. 

Sucli  a  desi-ription.  whilst  explaining  the  growth  of  bono  circumfcreiitially,  fails 
l^account  fr»r  ii.s  growth  in  length;  hence  the  necessity  in  long  bones  for  some 
WiDjireuient  whereby  ossification  may  take  place  at  one  or  b<)th  extremities  of  tlio 
sbfL  This  zone  of  growth  is  situated  where  the  ossified  shaft  becomes  continuous 
»i«bthe  cartilaginnus  epiphysis.  In  addition,  within  these  ei»ii>hysial  cartihiges 
tilciliiation  of  tlie  cartilage  takes  place  centrally,  just  as  in  the  diaphysis.  The  two 
i«t^of  the  bone,  viz.  the  diaphysis  and  epiphysis,  are  thus  separated  by  a  layer  of 
Qrtilaire,  as  yet  uncalcified,  but  extremely  active  in  growth  owing  to  the  invasion  of 
'Oeband  cells  from  a  vascular  zone  which  surrounds  the  epiphysis.  The  nucleus  of  ^ 
fe epiphysis  becomes  converted  into  true  ])one,  which  grows  eccentrically.  This 
win^'eiiient  provides  for  the  growth  of  the  shaft  towards  the  epii»hysis,  and  the 
?r'Wiii  of  the  epiphysis  towards  the  shaft ;  so  that  as  long  as  the  active  intervening 
!*?« of  cartilage  jx^rsists,  extension  of  growth  in  a  longitudinal  direction  is  possible. 
JJahse^uently,  however,  at  variable  periods  the  intervening  layer  of  cartilage  becomes 
tJcitieil,  and  true  l)ony  growth  occurs  within  it,  thus  leading  to  complete  osse(>us 
snijn  lietween  the  shaft  and  epiphysi.s.  When  this  has  taken  ])lace  all  further 
iffiwth  in  a  longitudinal  direction  ceases.  In  cases  where  the  epiphysis  enters  into 
the  furniiition  of  a  joint,  the  cartilage  over  the  articular  area  iH^rsisls  and  undergoes 
whither  calcification  nor  ossification.  In  long  bones  the  ossific  nucleus  for  the  shaft 
'?  diaphy.s^is  is  the  first  to  appear,  and  is  hence  often  called  the  primary  centre  of 
^tii:aiion.  The  centres  for  the  epiphyses  a]>pear  subsequently  at  variable  ]>eriods, 
•Mare  referred  to  as  the  secondary  centres  of  ossificati(»n. 

From  wljat  has  been  said  it  will  be  gathered  that  the  vascular  supply  of  the 
Wis  derived  from  the  vessels  of  the  periosteum.     These  consist  of  fine  arteries 
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whicli  outer  the  surface  of  the  shaft  and  einphysis;  but  in  addition  there 
largei-  trunk  which  enters  the  diajihysis  and  reaches  the  meduHary  cavity.  Th 
called  tht^  nutrient  artery  of  the  bone.  The  direction  tiiken  by  this  vessel  \'ari< 
ditlcrent  bimcs.  In  the  upper  limb  the  arterj'  runs  downwards  in  the  case  of 
hunifUMis  and  upwards  in  the  radius  and  ulna;  in  the  lower  limb  the  nuti 
viissel  of  the  J'emur  is  directed  towards  the  upixjr  extremity  of  the  shaft,  w; 
in  the  til>ia  and  fibula  it  follows  a  downward  course.  It  is  ditticult  to  account 
this  dill'erence  in  the  arrangement  of  the  vassels ;  but  it  has  been  pointed  out 
when  all  the  joints  are  flexed,  as  in  the  position  occupied  by  the  fcrtus  in  u 
the  direction  taken  by  the  vessels  is  the  same,  and  corresi>ond8  to  a  line  pas 
from  the  head  towards  the  tail-end  of  the  embryo.  Consequently,  in  the  u 
limb  the  vessels  How  towards  the  elbow,  whilst  in  the  lower  limb  they  i>ass 
the  knee. 

The  attention  of  anatomists  has  long  l)een  directed  to  the  elucidation  of  the 
which  regulate  bone-growth.  Our  present  knowleiige  of  the  subjecit  may  be  bi 
summarised  in  the  following  gcueralisiitions : — 

1.  In  bones  with  a  shaft  and  two  epiphyses,  the  epiphysis  towards  wliiel 
nutrient  artery  is  direct^^l  is  the  first  to  unite  with  the  shaft. 

2.  In  bones  with  a  shaft  and  two  epiphyses,  as  a  rule  the  epiphysis  wiiich  i 
mcnces  to  ossify  latest  unites  soonest  witli  tlie  shaft.  (The  fibula  is  a  not 
exception  to  this  rule.     See  p.  239.) 

3.  In  lx:)nes  with  a  shaft  and  one  epiphysis  the  nutrient  artery  is  din 
towards  the  end  of  the  bone  which  has  no  ej)iphysis.  (This  arrangement  1 
good  in  the  case  of  th(?  clavicle,  the  metacarpus,  metatarsus,  and  phalanges.) 

4.  AVlien  an  epiphysis  is  ossified  from  more  than  one  centre,  coalescence  1 
l»lace  between  the  separate  ossific  nuclei  before  tlie  epiphysis  unites  with  the  s 

Highly  suggestive,  too,  are  the  following  proi:K)sitions — That  ossification 
commences  in  the  ejaphysis  which  ultimately  acquires  the  largest  relative  pn 
tion  to  the  r«*st  of  the  bone,  and  that  the  ossificiition  of  the  epiphysis  is 
corrclated  with  its  functional  importance.  In  cases  of  long  bones  with  onlj 
epii)hysis.  the  epiphysis  is  placed  at  the  end  of  the  bone  where  there  is 
movement. 

The  veins  w  hich  permeate  the  c^mcellous  texture  of  the  bone  are  large  and  1 
walled.     Tlii^y  <lo  not  accompany  the  arteries,  and,  as  a  rule,  in  long  bones 
escape  through  large  openings  neur  the  articular  surfact*.     In  flat  bones  they  oc 
(jliannels  within  tlie  di]>loe,  and  drain  into  an  adjacent  sinus,  or  form  conimu' 
tions  with  the  su]»erficial  veins  of  tlie  scalp. 

The  l3rmphatics  are  mainly  periosteal,  but  eiiU?r  the  bone  along  with  the  vi 
and  Uvome  perivascular. 

Tlie  nerves  wliich  accomi)any  the  arteries  are  probably  destined  for  the  bi 
of  tlie  cojits  (if  thesi*  vesstds.  Whether  they  end  in  the  bony  tissue  or  n 
unknown. 

TIIK  VEKTKHRAL  COLUMN. 

Tlic  vertebral  column  (e<^lumna  vertebralis)  of  man  consists  of  thirty- 
segments  or  vertebrae,  place<l  one  on  tlie  top  of  the  other.  In  the  adult,  certa 
these  vertebra-  have  become  fused  together  in  the  process  of  growth  to  form't 
the  segmentJil  arrangement  of  which  is  somewhat  obscured,  though  even  in 
fully-(levelopeil  roiulition  sullicient  evidence  remains  to  demonstrate  their 
pound  nature.  The  vertel)rje  so  blendetl  are  termed  the  fixed  or  false  vert 
wliilst  ili(»se  between  which  osseous  union  has  not  taken  jdace  are  described  a 
movable  <ir  true  vertebrae.  This  fusion  of  the  vertebral  segments  is  met  wil 
either  fxtreiuiiy  of  the  vertel»ral  ct)lumn,more  particularly  l»elow,  where  the  co! 
is  modified  to  ada])t  it  for  union  with  the  girdle  of  the  lower  limb,  and  al 
tlie  region  of  mans  degenerated  wiudal  ap]iendage.  liut  a  pirtial  union  o 
vertebral  segments  al.^^o  Uikes  place  alx)ve,  between  the  two  highest  \"ertebi 
association  with  the  mi?chanism  necessary  to  ] provide  for  the  movements  o 
head  on  the  column. 
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>r  descriptive  piiriX)SOs  the  vertebral  coluinii  is  subdivided  according  to  the 
3  thnmgh  which  it  passes.  Thus  the  vertebiie  an^  described  as  cervical 
•ra^  cardcales),  dorsal  or  thoracic  (vertebra^  thoracalesj,  lumbar  (vertebra* 
les;,  Mcral  (verttjbrui  sacrales),  and  coccygeal  (vertebrie  caudales;,  ae<:ordiiig 
•  be  in  the  regions  of  the  neck,  back,  loins,  pelvis,  and  tail.  The  number  of 
■ii-  met  with  in  these  regions  is  fairly  constant,  thougli,  as  will  \je.  hereafter 
I  out,  variations  may  occur  in  the  number  of  the  members  of  the  dillerent 

Tiie  vertebne  in  man  are  thus  apportioned — 7  cervical,  12  dorsal,  5  lumbar, 
I,  and  4  or  5  coccygeal ;  the  three  former  groups  comprise  the  true  or  mov- 
rl<;bne,  the  two  latter  the  false  or  fixed  vertel>ne.     The  vertebral  formula 

tlais  expressed  : —  * 


Movi^ble  or  Ifme  Ysrtelzzie. 
Tvical.        Dorsjil.        Luinbur. 
7  12  r> 


Fixed  or  False  Vertebrae. 
Sacml .      ( .'occy^eal . 


=  ;?3. 


tebrae  of  which  the  column  is  l>uilt  up,  though  displaying  great  diversity  of 
:?rs  in  the  regions  alcove  enumerated,  yet  preserve  certain  features  in 
1.     All  jHJSsess  a  solirl  part, 


Sui)«M-ior 


for  hwifl 

of  11  h  Holy 


Facpt  f( 
tulM^rclfr  lit  r1 


lenit^l^net  for 
hfAd  iif  rib 


(As  vitfWtMl  tVoJii  tin.'  ri.:,'lil  suW.] 


Sjiinfi'Ud  limcimiM 


I  '^r  body  (cori)us  vertebne): 
'  articular  processes  by  which 
ticulace  with  their  fellows; 
lave  muscular  processes  de- 
i  in  connexion  with  them ; 
the  majfirity  display  a  verte- 
qnnal  foramen  (foramen  verte- 
•)rmed  by  the  union  of  a  l)ony 
reus  vert<!bnej  with  the  V)ody. 
(;«>mmon  chanicters  may  test 
lied  l.»y  selecting  for  descrip- 
i  intenn»*diate  member  of  the 
For  this  puriHJse  one  of  the 
'  iir  lower  thoracic  vertebne 
i  chosen. 

typical  vertebra  ma}-  be  de- 
i  Ji5  consisting  of  a  body  or 
n  (corpus  vertebne)  composed 
uLss  ni  spongy  bone,  more  or 
lindrieal  in  form.  The  size 
lapt?  of  the  body  is  liable  to 
irable  variation  according  to 
rtebni  examined.  The  upper 
wer  surfaces  of  the  l>ody  are 
lightly  concave  from  before 
ards  and  from  aide  to  side, 
»  the  thickening  of  the  bone 
litf*  margins.  I  n  the  recen  t con- 
these  surfaces  afford  attnch- 
for  the  intervertebral  discs 
are  placeil  like  pads  lx*.tween 
dies  of  the  movable  members 
aeries.  The  circumference  of 
jdy,  formetl  as  it  is  of  more 
rt  bone  than  the  interior,  is 
f  slightly  concave  from  alrove 
ranis,  though  it  becomes  Hat 
I,  where  the  l)ody  forms  the  anterior  lioundary  of  the  spinal  or  verlebnd 
a,  at  which  i)oint  it  is  usually  slightly  concave  from  side  to  side.  The 
il  surfaces  of  the  body  are  pierced  liere  and  there  by   fonimina   for   the 


Fujs, 


(As  vii'Wi'il  from  alxut*.; 
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passage  of  nutrient  vessels,  nioi-e  particularly  on  the  i)08terior  surface, 
depression  of  considerable  size  receives  the  openings  of  the  canals  throu 
some  of  the  veins  wliich  ilrain  the  body  of  the  l>one  escajHj.  Connected 
})ody  [posteriorly  there  is  a  l)ony  arch  (areas  vertebra^),  which,  by  its  ui 
the  body,  encloses  a  foramen  of  variable  size,  the  spinal  or  vertebral 
(foramen  vertebrale).  When  the  vertebrai  are  placed  on  the  toj)  of  e« 
these  foramina  form  with  the  uniting  ligaments  a  continuous  canal — 
neural  canal — in  which  the  spinal  cord  with  its  coverings  is  lodged.  '] 
w^hich  is  formed  by  the  union  of  the  pedicles  and  laminae,  besides  ench 
spinal  fonimen,  also  supports  a  certain  number  of  processes;  of  these, 
outstanding,  and  may  be  regarded  as  a  series  of  levers  to  whicli  mu 
attiiched,  whilst  othei-s  are  articular  and  assist  in  uniting  the  different 
together  by  means  of  a  series  of  movable  joints.  The  pedicles  are  tin 
bone  which  ^piiss  from  the  back  of  the  l)ody  of  the  vertebra?  on  eithe 
tlie  points  wliere  the  articular  processes  are  united  to  the  Utch.  Tlie 
are  compressed  laterally,  and  liave  rounded  superior  and  inferior  border 
the  vertical  breadth  of  the  pedicles  is  not  as  great  as  the  thickness  of  tin 
which  they  are  attached,  it  follows  that  when  the  vertebrae  are  ]>laced  t 
tlie  other  a  series  of  intervals  is  left  between  the  pedicles  of  the  different 
Tliese  spaces,  enclosed  in  front  by  the  bodies  of  the  vertebrae  and  tin 
vertebral  discs,  and  l)ehind  by  the  coaptation  of  the  articular  processes 
series  of  holes  communicating  with  the  neural  or  spinal  canal ;  these  are  c 
intervertebral  foramina  (foramina  intervertebralia),  and  allow  of  the  transE 
spinal  nerves  and  vessels.  As  each  intervertebral  foramen  is  }K)uuded  a 
telow  by  a  jiedicle,  the  grooved  surfaces  in  correspondence  with  the  u 
lower  liorders  of  the  pedicles  are  called  the  upper  and  lower  intervertebn 
or  notches  (incisura  vertebrahs  superior  et  inferior).  Posteriorly,  the  two 
are  unitt»d  by  two  somewhat  flattened  plates  of  bone — the  lamins,  which 
towards  the  middle  line,  and  become  fused  with  the  root  of  the  projectin 
process  (processus  spinosus).  The  breadth  of  the  laminte  and  their  sloping 
ment  are  such,  that  when  the  vertebnc  are  articuLated  together  they  lei 
space  iHjtween  them,  thus  enclosing  fairly  completely  the  neural  canal, 
tliey  form  the  ])Osterior  wall.  The  edges  an<l  inner  surfaces  of  the  lai 
i-ough  for  the  attachment  of  the  ligaments  which  bind  them  together. 

I'he  muscular  processes  are  three  in  number,  viz.  two  transverse  procei 
on  either  side  —  and  one  central  or  median,  the  spinous  process.  Th 
(pnxjessus  transversus)  project  outwards  on  either  side  from  the  arch  at  ( 
where  the  ]>edicle  joins  the  lamina.  The  latter  (pn)a*asus  spinosus)  extei 
wards  in  the  midclle  line  from  the  point  of  fusion  of  the  laminie.  Th< 
processes  display  much  variety  of  length  and  form. 

The  articular  processes  (zygapophyses),  four  in  number,  are  arranged  ii 
one  superior,  the  other  inferior;  the  former  are  placed  on  the  upper  surfa 
arch  where  the  ^ledicles  and  laminje  join,  the  latter  l»elow  the  arch  in  Carres' 
with  the  superior.  WhiLst  differing  much  in  the  direction  of  their 
surfaces,  the  upper  have  generally  a  backward  tendency,  whilst  the  lowi 
ibrwards. 

THK  TRUE   OR   MOVAHLK   VKUTKmM:. 

ThK    (-KUVIGAL    VEHTEIiHyi:. 

1'he  cervical  vertebrae  (vert(*l»ra'  cervi(;ales),  seven  in  number,  can  1: 
di.stinguishfd  from  all  the  other  vertebnc  by  the  fjict  that  their  trausv 
cesses  are  jiierced  by  a  foramen.  The  two  highest,  and  the  lowest,  requii 
description;  the  remaining  four  conform  to  a  common  type. 

Their  bodies,  the  smallest  of  all  the  true  vcrte]>ra%  are  oblong  in  si 
transverse  diameter  \mug  much  longer  than  theantero-]K)8teriur  width.  1 
surface,  which  slopes  from  Ijehind  forwaixls  and  downwards,  is  concave  froi 
side,  owing  to  the  marked  projection  of  its  lateral  margins.  Its  auteri 
rounded  oti',  whilst  its  posterior  edge  is  shar])ly  defined. 
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ferior  surface,  which  is  more  or  less  saddlc-sliaped,  is  directed  downwards 
ards.  It  is  convex  from  side  to  side,  and  concave  from  hefore  backwards, 
iht  rounding  off  of  the  projecting  anterior  lip.  The  vertical  diameter  of 
ia  small  iu  proportion  to  its  width.  The  anterior  surface  is  Hat  in  the 
le,  but  furrowed  laterally.  The  posterior  surface,  whicli  is  rough  and 
r  mauy  small  foramina,  is  Hat  from  side  to  side  and  above  downwards ;  it 
its  entire  extent  the  anterior  wall  of  the  spinal  foramen.  The  lateral 
the  body,  pirticUlarly  in  their  upper  parts,  are  fused  with  the  costal 
:lie  transverse  processes,  and  form  the  inner  wall  of  the  vertebrarterial 
foramen  transversarium). 

sdidea  which  spring  from  the  posterior  half  of  the  lateral  aspects  of  the 
»ut  equidistant  from  tlu^ir  upper  and  lower  nuirgins,  are  directed  hori- 
Mckwanls  and  outwards  The  superior  and  inferior  notches  are  nearly 
le]:ith. 

uninae  are  long,  and  about  as  wide  as  the  body  of  tlie  bone  is  thick. 
pinal  foramen  is  larger  than  in  the  thoracic  and  lumbar  r'^gi(^ns ;  its  shajK) 
liar,  or  more  nearly  semilunar. 
ransTerse  processes,  so  called,  are  pierced  by  the  vertebrarterial  foramen 


Oihii '. 


iplIlO 


SuiM'iiui-  ailiiMilar  iin)ci'>s        Suiw-rior  notch 


Vfprtcbmi'tf'rial  fi^raiiKMi 


Anterior 

tuU-H'U' 

Gitx^ve  UiT 
niTVc 
F*<»sterior 
tubiTch; 


Siiinous  proorss 


.Uit«Tfur  tul«rrl« 
Kn;.  59.- -Fi)cuTH  Cervical  Vertebra  v\um  Ahovk  and  kkum  tiik  Ui«ht  Sidk. 


iransversariuiii).  They  consist  of  two  ])arts — the  part  ]»e}iind  the  fonimen, 
rings  from  the  neural  arch  wnd  is  th(;  true  transverse  process,  and  the. 
ront,  which  is  homologous  with  the  ribs  in  the  thorncic  portion  of  the 
These  two  proces.si's,  united  i^xternally  by  a  l»ri(lge  of  bone,  which  thus 
the  interval  between  them  into  a  foramen,  terminate  in  two  tubercles, 
'}?|»ectively  as  the  anterior  jind  posterior  tubercles.  The  general  direction 
irocesses  is  outwards,  slightly  forwards,  and  a  little  downwards,  the  anterior 
lying  intt^rnal  to  the  posterior.  The  two  tubercles  are  separuted  al»ove  ])y 
directed  outwards,  downwards,  and  forwards  ;  along  this  tlie  s])inal  nerve 
ise^es.  Tlie  vertebrarterial  foramen  (foramen  transversiirium),  often  sub- 
by  a  spicule  of  bone,  is  traversed  ]»y  the  vtTtebral  artery  and  vein  in  the 
c  vertebrn\  The  spinous  processes,  wliit.'h  are  directed  down  war  (!.'=«,  are  short, 
sed  vert i<;ally,  and  bifid,  'i'he  articular  processes  are  supported  on  cylindrical 
>f  lione  fused  with  the  arch  wliere  the  pedicles  and  lamina*  join.  These 
s  are  olicetl  away  obliquely  above  and  lielow,  so  that  tlie  superior  articular 
lore  or  less  circular  in  form,  are  directed  upwards  and  backwards,  whilst 
=«j»ondiiig  inferior  surfaces  are  turiuHl  downwards  and  forwards. 

tio&B. — Szawlowski  ri-i-oi-d.s  tli«-  pivst'iire.  (.f  an  iii<l«*ju'ii(lfiit  ill)  clfiiMMit  in  llio  traiis- 
•Dn»#<«f  tlje  fourth  cervical  vnti-l.ra.     (Annf.  Air:.  Jfitu,  vol.  xx.  ]•.  J^OO*. ; 

ft  Cervical  Vertebra  or  Atlas. — This  bone  may  ]»e  readily  recognised  by 
enee  of  the  body  and  s]»inous  ])rocess.  It  consists  of  tw«>  lateral  masses, 
^upywirt  the  articular  and  transverse  processes.  The  lateral  mass<\s  n\\\ 
vi-fl  iinite<l  by  two  curved  bars  of  bone,  the  anterior  and  posterior  arches,  of 
ibe  former  is  the  stf)uter  and  slioi  ter.  Kaoli  lateral  mass  is  irregularly  six- 
ndfio  placed  that  it  lies  closer  to  its  fellow  of  theop])osite  side  in  front  than 
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Kiii.  f.O. 

1.  I'osti'iior  ari.h. 

'2.  Trans vt-rsw  pmoe^s. 

3.  TiiIkmi^Ii*  fur  traiisvfr.w 

li^niiient. 

4.  AiitiTior  arch. 

.■».   AiJtirrir)r  ttilitrcle. 


Thk  Atlas  ik<».m  Ahovk. 

i'}.  Surfa«-«*  for  articiilatidii  with  oilontoM 

7.  Superior  artii-ular  procu'ss. 
S.   ForamfU  for  xcrtebral  artery. 
!».  (Iroove  lor  vcrt«l>ral  artorv. 
10.   Posti'ri<ir  tnl^-rrle. 


l)ehiiul.  Us  iii>iH?r  surface  is  excavated  to  inriii  an  elongated  oval  facet,  c( 
from  lieforir  backwanls,  ami  inclined  obliciuely  inwards;  not  infroquenth 
articular  surface  dis])lays  indicutions  of  division  into  two  parts,  Tlies*?  face 
for  the  reception  of  the  condyles  of  the  occipital  hone. 

The  inferior  articular  facets  are  i)laced  on   the  under  surfaces  of  the  1 

masses.  Of  circular 
they  display  a  slight 
to -side  concavity,  tl 
flat  in  the  antero-]X)fi 
direction.  Theirdisjjo 
is  such  tliat  their  sii 
incline  downwanls 
sliglitly  inwanls.  The 
on  the  su]K?rior  art 
pnxjesai^s  of  the  seconi 
vical  vertebra.  Si^ri: 
from  the  anterior  and 
as^KJCtscif  tlie  lateral  ni 
and  uniting  tlieni  in 
is  a  curveil  bar  of 
the  anterior  arch  ( 
"  anterior) :  compres«e 
either  side,  this  is  t 
ened  centnilly  so  as  to 
on  its  ant<3rior  aspec 
rounded  anterior  tnl 
(tuberculum  anterius).  In  corresi)ondence  with  this  on  the  ]>osterior  surfa 
this  arch  is  a  circular  facet  (fovea  dentis)  for  articulation  with  the  odontoid  pi 
of  the  second  cervical  vertebra  (axis;. 

The  inn(*r  suvfatn^  of  tlie  latenil  mass  is  rough  and  irregular,  displaying  a 
tubercle  for  tlie  attachni(;nt  of  the  tran verse  ligjiment  wliich  passes  across  the 
included  between  the  two  lateral  masses  and  the  anterior  arch,  thus  holding 
odontoid  ])ro('ess  of  the  axis  in  position.  Behind  each  tulK.^rclo  there  is  usui 
deep  pit,  oj)ening  into  the  bottom  of  which  ani  the  canals  for  the  nutrient  ves 
External  to  ihe  lateral  mass,  and  principally  from  its  ui)i)er  half,  the  trans 
process  arises  ])y  two  roots  which  include  between  them  the  vertebrarterifil  fon 
Tlie  transverse  process  is  long,  (Uniquely  compressed,  and  down-turned  ;  the  am 
and  posterior  tuben*lesare  no  longtT  distinguishable,  as  they  have  fused  to 
tme  mass. 

T\u'.  posterior  arch  arises  in  part  from  the  ])osierior  surfact^  of  the  lateral 
an«l  in  part  fn»m  tln^  posterior  root  of  the  transverse  process.  Coui pressed 
abtive  downwnrds  anteriorly,  where  it  bounds  a  grtM)ve  which  curves  aroun< 
piistvrior  as] KM' I  of  the  su]M'rii>r  articular  process,  which  groove  is  also  contii 
exltu'iially  with  the  vertebra rterijil  foramen,  the  ]K)Sterior  arch  beoomes  tfc 
mesially,  at  which  point  it  (lis])Iays  ]iostfri(a'ly  a  rough  irregular  X)rojection- 
posterior  tubercle  (tul»erculum  posterius),  the  feeble  representative  of  the  sp 
process.  A  priniiinriit-  little  tubercle,  arising  from  the  piKsterior  extremity  o 
superior  artieular  process,  overhangs  the  groove  al>ove  mentioned,  and  no 
frcipiently  biTomes  d(»v«^lo|H'd  s«»  as  to  form  a  l^ridge  of  Imhii*  across  it,  convc 
tht^  groove  into  a  canal  through  which  the  vertebral  artery  and  the  tirst  cervii 
sulKicuipital  nrrvi>  ])ass-  a  condition  normally  met  with  in  many  animals, 
notewoithy  that  the  grooves  traversed  by  the  two  liighcst  sjjinal  nerves  lie  h 
the  articular  pnuMiSM's.  in  place  of  in  front,  as  in  otlnT  ]»arts  of  the  column. 

The  ring  form<Ml  by  the  lateral  massifs  an< I  tlie  anterior  and  ])osterior  arc 
of  irregular  outline.  The  anterior  ]>art,  cut  oif  from  thu  rest  by  the  trans 
ligament,  serves  for  the  lod«iment  of  the  ••doiitoid  ]aoce.<s  of  the  axis;  the  1 
part  behind  corresponils  to  the  upper  part  of  the  neural  or  spinal  canal. 

Variations.     Tin*  vrrli^hrarterial  fniaiii<-ii  is  ofton  «li'firi»^nt.  in  fnnit.     IiiiiH*rffot  OKsifi 
nrra^iuiially  \vniU  t'»  tlif  aiilfrinr  ami  ]n»f»trnt»r  anlii*?  InMiip  iiirompU't*'.    Tlu-  sii|>erior  art 
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rcAr^ionally  partially  or  oonipletely  divided  into  anterior  and  jK>sterior  portioiij*. 
!*:*-»  tlie  extreiiiily  of  the  traiisvei-se  pi-oocr^s  han  two  tuWrclcs.  Tlie  transverse 
n  rare  casof»,  articulate  with  a  projecting  process  (pai-occii)ital;  from  the  under 
jugular  pnjcess  of  the  (x'<;ipital  lK)ne  (see  )».  113).  An  uiiwai-d  extension  from  the 
the  anterior  arch,  due  probably  to  an  ossification  of  the  anterior  occij>ito-atlantal 
articulate  with  the  anterior  surface  of  the  Huniniit  of  the  orlontoid  jiroct^ss  of 
Ml  has  noticed  the  articulation  of  the  suiKnior  boixler  of  the  jjoyterior  arch  with 
Niitler  of  the  foramen  magnum.  Cashes  ot  partial  or  <'x.>mi)lete  fusion  of  the  atlas 
ital  lioue  are  not  uncommon  (mte  j).  113). 

Cervical  Vertebra,  Axis,  or  Epistropheus.— This  is  characterised  by 
of  the  tooth-like  odontoid  process  (dens)  which  ])r()joct8  upwards  froin 
surface  of  the  body.  Slightly  constricted  where  it  joins  the  body,  tlu? 
K:e8S  tapers  to  a  blunt  point  superiorly,  on  the  sides  of  whicU  there  are 
the  attatrhment  of  the  odontoid  or  check  ligaments.  When  the  atlas 
articulated  t<)gether  this  process  lies  behind  the  anterior  arch  of  the 
isplavri  on  its  anterior  surface  an  oval  or  circular  facet  which  articu- 
hat  on  the  jHisterior  surface  of  the  anterior  arch  of  the  atlas.     On  the 


'A'i  iiix-ce^s    tinwvft  for  transwrar  lijjiiiiient 

8ttj:i*rlnr  urticiilar 
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ft^lArtS^f. 
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Fifj.  62.  -   Axis  from  thk  Lkft  Sidk. 


[tecl  of  the  neck  of  the  odontoid  ])rocess  there  is  a  shallow  groove  which 
transverse  ligament  which  holds  it  in  position. 

.erior  surface  of  the  body  has  a  raised  triangular  surface,  wliich  ends 
ti  a  ridge  ]:»assing  upwards  to  the  ne(jk  of  the  odontoid  ])rocess.  The 
concealed  above  by  the  suyKU'ior  articular  processes  ;  inferiorly,  they  are 
I'frd.  The  laminae — prismatic  (»n  section — are  thick  and  st mug,  <*nc]ing 
briniil.  and  bifid  spinous  process,  the  under  surface  of  which  is  deejdy 
lilst  its  sides  meet  superiorly  in  a  ridge.  Platted  over  the  ]M'dicles 
erior  root  of  the  transverse  processes  are  th(»  superior  articular  surfaces. 
uore  or  les.s  circular  in  shape,  slightly  c<invex  from  ])efore  backwards, 
le  to  side,  and  have  a  direction  upwards  and  a  little  outwards.  They 
led  inferiorly  by  the  vertebrarterial  foramina  which  turn  outwards 
m.  The  grooves  by  which  the  second  cervical  nerves  leave  the  neural 
the  laminae  immediately  behind  the  superior  articular  pnicesses.  The 
icnlar  processes  agree  in  form  and  posit i«ni  with  those  of  the 
nembers  of  the  s(»rie.s,  and  are  placed  ]>ehind  the  inferior  intervertebral 

insrerse    process    is    markedly    down-turned,   witli   a    single    pointed 


18.  -  In  w»iiie  iiisltiiKvs  tlie  yiiiiiiiiit  of  ilu'  (xlouluid  j»nM('ss  aMi«iilnt<*s  wjih  ;i  piDmi- 
nn  tlie  anterior  ItoHerof  the  for/iiueu  ina^Miiini  (thinl  f)(ri]»ital  r-ondyle,  see  p.  113. 
Lg.  Path,  Soc.  Dublin^  vol.  vii.)  recmls  a  c'.l^v  in  wliirlj  the  'Kl.)iii<»i«i  i»njei->s  was 
'M  the  iit?rj*istenee  of  the  jiriniitive  <'«)ii(lilioii  in  ulii«li  it  i>  (h-vj-lopeu  firmi  iwo 
wirmally  the  od«)iJtoi(l  proce.***  fails  to  In-  unitecl  ^v\\h  the  IkmIv  of  ihr  axi>,  fnniiin^r 
)ideniu  oomjiarahle  to  that  met  with   in   the  cro<:(;<liIia  (Oiacomini,  Komiti,  nutl 
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TiiriHT).     The  vert«jV»rarlerial  foramen  is  nut  infi-equently  iiiconij)lete,  owing  to  tlie  impeif 
ojvitication  of  the  poutorior  root  of  the  transverse  process. 

The  seventh  cervical  vertebra,  or  vertebra  prominens,  rei^eives  the  latter 
from  the  outstandiug  natureof  its  spinous  process,  which  ends  in  a  single  broad  tu' 
This  Ibrnis  a  well-marked  surface  projection  at  the  back  of  the  root  of  the 
The  transverse  processes  are  broad,  being  flattened  from  above  downwarils; 
l)roject  considerably  beyond  those  of  the  sixth.  The  maximum  width  beto 
their  extremities  agrees  with  tliat  In^tween  the  transverse  processes  of  the 
these  two  constituting  the  widest  members  of  the  cerviciil  wTios.  The 
brarterial  foramen  is  small.  Not  infrequently  the  costal  element  is  separate 
tlu^  true  transverse  process,  tlnis  constituting  a  cervical  rib. 

Variations.-  Thir  verlflirarteniil  foranu*n  may  !»«•  aU'^eiil  on  one  or  othi-r  si«lr. 

V  TnoKACic  Veutebk/K. 

« 

.   The  thoracic  or  dorsal  vertebrae  (vertebne  thoracales),  twelve  in  nui 
are  distinguisht'd  l>y  liaving  facets  on  the  sides  of  their  bodies  for  the  heads  i 
ribs,  and  in  most  instances  also  articular  surfaces  on  their  transverse  proc< 
the  tui)ei'cles  of  the  ribs  (Figs.  i^7  and  nH.  p.  75). 

The  body  is  describe*!  as  characteristically  heart-shaped,  though  in  tlie 
and  lower  members  of  the  series  it  underg<>es  transition  to  the  tyi>ical  forms 
cervicjal  and  lumbar  vertebra?  respectively.  Its  antero- posterior  and  tram 
wiilths  are  m^irly  equal ;  the  latter  is  greatest  in  line  with  the  facets  for  the 
of  the  rib.  The  bodies  are  slightly  thicker  behind  than  in  front,  thus  ada 
themselves  to  the  anterior  concavity  which  the  column  disjJays  in  this  n 
The  bodies  of  the  second  to  the  ninth  thoracic  vertebra*  inclusive,  e^ich  i>oi 
costal  demi-facets — a  superior  pair  ])laced  on  the  upjK>r  margin  of  the  IkxIv,  dd 
the  junction  of  the  pedicle  with  the  centrum,  and  an  inferior  pair  situated  c 
lowtjr  edge,  clo.se  to  and  in  front  of  the  inferior  inU'rvertebral  gro(»ves. 

When  contiguous  vertohno  are  articiilatc«l,  the  up]H^r  j>air  of  demi-facets  of  the 
vcrtohni  coincide  witli  the  lower  clcnii-fac'cts  of  the  higher  vertebra,  and,  together  wi( 
intcrvciiiuir  intervertchral  disc,  form  an  articular  cup  for  the  reception  uf  the 
a  rih.     Of  these  facets  on  the  ImkIv  the  upper  pair  are  tlie  primary  articular  « 
for  the  head  of  the  rih  ;  the  lower  an?  only  ac<piire(l  secondarily.     Moreover,  these 
thou;rh  apparently  placed  on  the  hody,  are  in  reality  developed  on  the  sides  of  the  p 
behind  the  line  of  union  of  the  pedicles  with  the  c^intnun  (neuro-eentral  ftynehoud 
will  he  explained  hereafter. 

The  pedicles  are  short  and  thick,  and  directed  backwards  and  slightly  upii 
The  superior  notch  is  faintly  marked  ;  the  inferior  notch  is  de-ep.  The  ^ 
broad,  Hat,  and  sbiping,  having  sharj»  u\)\mT  and  lower  margins.  Whfl 
vi.Ttebne  are  super] >osed  the  latter  overlap  the  former  so  as  to  foB 
iml»ricaled  arrangement.  The  spinal  foramen  is  smaller  than  in  the  cervioi 
lumbar  regions,  and  ne«irly  circtdar  in  shaj)e. 

The  spinous  processes  vary-  in  length  and  direction.  Uung  shorter  and 
horiz<intal  in  the  u])per  and  lower  members  of  thi?  series,  longest  and  most 
in  direction  towards  the  middle  of  this  part  of  the  column.  Xearly  all  have  a 
ward  inclination,  an«l  are  so  arranged  that  tl\ey  overlap  one  another.  Trian|_ 
section  where  they  spring  from  the  neural  arch,  they  become  laterally  coin]^ 
towanls  their  extremities,  which  arc  capynid  by  more  or  less  distinct  tnbercleB.  .3 
transverse  processes  an*  directed  backwards  and  outwards,  and  a  little  upM 
They  gradually  diHjrease  in  size  and  length  from  a]»ove  downwards.  Each  t| 
somewhai  expandiMJ  extremity,  tlie  anterior  surface  of  which,  in  the  case  of  the  V] 
ten  vertebra*,  is  hollowed  out  in  the  form  of  a  circular  facet  for  articulation  1 
tlie  tubercle  of  the  rib  which  rests  in  the  ujiper  demi-facet  of  the  vertiibra  totd 
the  transverse  pnK-ess  belongs.  The  superior  articular  processes  are  vertical; 
have  their  surfai'es  directed  backwards,  slightly  upwards,  and  a  little  autwljj 
the  inferior,  corn'spondingly  forwards,  downwards,  and  inwanls.  ] 

Certain  of  the  thoracic  vertebra;  display  characters  by  which  they  can  rei 
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luseiL     These  are  the  first,  teuth,  eleventh,  and  twelftli,  and  wjnietimes  the 

Irst  thoracic  verte- 
r'uiljles   the  seventh 

in  the  shape  uf  its 
id  the  length  and 
I  uf  its  spine.  There 
tire  facet  on  either 
hf  IxKiy  for  the  head 
:st  rib.  aud  one  demi- 
1  each  side  at  the 
•rder  of  its  bxly,  to 
e  tlie  socket  for  the 

the  second  ril).  Its 
se  processes  are  long, 
u?  .suiK?rior  inter- 
il    notch     is     better 

than  in  other  ineni- 

the  thoracic  stories. 
iHjrior  articuLir  sur- 
e  directed  Iwck wards 
warcLs,  not  outwards 
le  lower  members  of 
es- 

ninth  thoracic 
pa  occasionally  has 
B  upjier  piir  of  demi- 
rti  its  lioily ;  at  other 

conforms  to  the  usual 

tenth  thoracic 
ra  may  liave  only  one 
te  c«»Rtal  facvt  on  each 
r  the  X.  ril),  thouj^h 
nes  the  articular 
may  he  completed  by 
nth  dorsal  vertebra. 
cret  on  the  transverse 
,  is  generally  small, 
uietimes  absent. 
*  eleventh  thoracic 
ira  has  a  complete 
r  facet  on  the  outer 
»f  each  i>edicle  for  ^'u..  a 
ation  with  the  XI.  rib. 

inrfverse  pnjcesses  are  |   i„f»Tior  arti.-niar  proc-ss  with 
».nd  .stunted,  and  have        out-timuMi  ijmt. 

Q*^  2,  Siiijili- iati't  f(»r  lu-a.l  of  \n.  ril» : 

le    twelitn    thoracic  :j,  siiij.'i.-  i-.rct  f..r  lua.i  ..f  xi.  rii> ; 

ii(»  f;u  rt  «»ii  ti!nis\er^f  ]>io<ts<. 
Sini:l<'  «»r  «|i.'iiii-tit«'it   \\*y  hviul  «'f 


Kiu.sT,  Ninth,  Tkntm,  Ki.kvknth,   ani»  TwEi.tTH  Thdhacic 
Veiitkbu.k  khom  tmk  Lkkt  Side. 

^.  Sih^rlo  fjict't  fiir  head  of  I.  ril), 
I».   KaiM'ton  trjiiisMTsif  pHH-t-ss  fur 
till  Til  v-sity  of  I.  ril). 
10.   Kji'-t't  Mil  tiaiiN\Hrse  ]>roccss  for 

tulM-lnsity  nf  |X.  rib. 

n.  Fa'i-t  on  tiansvfi'sr'  jmn'oss  for 
(iilirrosity  of  \.  rib.  in  tlii.s 
jiiirti«iilur  in-tanci!  wt-ll 
iii;irk<:<l. 

M.iinniill.iiy. 

K.  Kxt.iiiiil  .'  to  I     oflmiilMr. 


for   lu':i«l 

..r   I\. 


inn.ri..vL.:;':::;;":J^ 


bra  has  a  single  facA't 
e  pedicle  on  each  Bide  ^ 
e  XII.  rib.  Its  trans-  r, 
jaocesses,  which  hav<^ 
loets,  are  l>rc>ken  up  ^' 
mdler  tubercles,  willed  j 
^lively  the  external, 
ior,  and  inferior  tubercles.  These?  an*  homoloorous  with  the  transvi^rsc  mam- 
ry  and  accessriry  prowesses  of  tho  himlmr  vrri(^ln';i*.  Iinlications  of  thes<^ 
"»e8  may  also  be  met  with  in  the  tenth  an«l  eleventh  Ihnracic  vertebnv.  The 
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twelfth  thoracic  vertebra  may  usually  be  distinguished  from  the  eleventh  by 
arranj^cment  of  its  inferior  articular  processes,  which  restmible  thase  of  the  luxn 
series  in  being  out-turned;  but  the  eleventh  occasionally  displays  the  a 
aiTangement,  in  whiph  case  it  is  not  always  easy  to  distinguish  l)etween  them. 

VfriatipD5».'^ Ban-lay  Smith  {Journ.  Annt.  and  Phijifiol.  Ix»nd.  1902,  p.  372)  records  fivee 
in  wlnchHuiFiiprior  articular  processes  of  the  twelfth  thoracic  vertebra  displayed  tboraciei 
lumbar  characteristics  on  the  opiKjsite  sides. 


Inferior  *rtICBliiJ-  proeoits 


Lumbar  Vkrtebrj^.. 

The  lumbar  vertebrae  (vertebrni  lumbales),  five  in  number,  are  the  largest 
the  niova})le  vertebne.     They  have  no  costal  articular  facets,  nor  are  their  tn 

verse  processes  pierced 
—  ''*^'*"*'  a  foramen.     In  this  i 

they  can  be  readily  i 
tinguished  from  the  me 
bers  of  the  cervical  a 
thoracic  series. 

The  body  is  kidn 
shaped  in  outline,  and 
large  size.  The  tranava 
diameter  is  usually  ah 
a  half  greater  than  1 
antero  -  posterior  .  vrid 
The  anterior  thicknea 
slightly  greater  than  J 
posterior,  being  Q 
adapted  to  the  anter 
convex  curve  of  t 
column  in  this  regi 
The  pedicles,  direcl 
horizontally  backwas 
are  short  and  stout;  t 
superior  notches  s 
shallow,  but  deeper  th 
in  the  thoracic  region;  i 
inferior  grooves  are  de 
The  laminsB  are  broad  a 
nearly  vertical,  slopi 
but  little.  They  sappi 
on  their  lower  mai^ 
tlie  inferior  articular  p 
cesses.  The  spinal  fbraa 
is  large  and  triangular. 
The  spinous  procoH 
spatula  shaped,  with 
thickened  poster] 
margin,  project  backwa: 
and  slightly  downwai 
The  transverse  procMi 
more  slender  than  in  1 
dorsal  region,  pass  he 
zontally  outwards,  wit! 
slight  backward  inelij 
lion.  Arising  from  tlie  junction  of  the  pedicles  with  the  lamina?  in  the  higl 
meml^ers  of  the  series,  they  tend  to  advance  so  as  to  become  fused  »ith  the  oui 
side  of  tlie  pedicle  and  back  of  the  body  in  the  two  lower  lumUir  vertebne. 
these  latter  vertebrje  the  superior  intervertebral  grooves  are  carried  obliquely  acn 
the  upper  surfaces  of  the  bases  of  the  transverse  processes.     The  transverse  prooe^ 


Vui.  04.- 
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ine  with  the  external  tubercles  of  the  lower  thoracic  vertebnie,  with  which 
je  serially  homologous,  and  are  to  be  regarded  as  representing  the  costal 
it-  Placed  on  their  base  posteriorly,  and  just  external  to  and  below  the 
>r  articular  processes,  are  the  small  accessory  tubercles  (processus  aceessorii) 
are  in  series  with  the  inferior  tubercles  of  the  lower  thoracic  vertebric.  The 
►r  artieiilar  processes  are  stout,  oval,  curved  plates  of  bone,  fused  in  front  with 
dicles  and  laminae,  and  having  their  concave  articular  surfaces  vertical  and 
ued.  Externally,  and  on  their  posterior  edge,  the  bone  rises  in  the  form  of  an 
.ted  oval  tubercle,  the  mammillary  process  (processus  mammillaris) ;  these  are 
respondence  with  the  superior  tubercles  of  the  lower  thoracic  transverse  pro- 

le  inferior  articular  processes  lie  on  either  side  of  the  root  of  the  spinous 
8,  supported  on  the  inferior  margin  of  the  laminae.  Their  articular  surfaces, 
n  outUne,  convex  from  side  to  side,  and  plane  from  above  downwards,  are 
rned.  The  inferior  articular  processes  are  much  closer  together  than  the 
or ;  so  that  when  the  vertebrae  are  articulated  the  8Ui)erior  articular  processes 
3  lower  vertebra  embrace  the  inferior  articular  processes  of  the  higher 
»ra. 

le  fifth  lumbar  vertebra  is  characterised  by  the  size  of  its  body,  which  is 
truest  of  all  the  vertebrae.  Further,  the  imder  surface  of  the  body  is  rut 
at  the  expense  of  its  posterior  part :  hence  the  thickness  of  the  centrum  in 
much  exceeds  that  of  the  vertical  diameter  behind.  The  transverse  process 
ramidal  in  form,  and  stouter  than  those  of  the  other  lumbar  vertebrie.  It 
by  a  broad  base  from  the  side  of  the  back  of  the  body,  as  well  as  from  the 
ie,  and  is  directed  outwards  and  a  Httle  backwards  and  upwards.  Its  up])er 
.•e  is  slightly  grooved  by  the  superior  intervertebral  notch.  A  deep  notch 
ites  it  posteriorly  from  the  superior  articular  processes,  which  are  less 
med  than  in  the  other  members  of  the  series,  their  articular  surfaces  being 
;ed  more  backwards  than  inwards,  and  displaying  less  concavity.  The  inferior 
dar  processes  are  further  apart  than  is  the  case  with  the  other  members  of 
eries,  they  lie  in  line  with  the  superior.  The  spinous  process  is  shorter  and 
wer  than  the  other  lumbar  spines,  particularly  so  in  the  female. 

ffiations. — The  mammillary  and  accessory  processes  are  sometimes  unduly  developed.  The 
larch  of  the  fifth  lumbar  vertebra  is  occasionally  interrupted  on  either  side  by  a  synchon- 
which  runs  l>etween  the  upper  and  lower  articular  processes.  In  macerated  specimens  tht^ 
irt*  of  the  br>ne  are  thus  separate  and  independent  Tlie  anterior  includes  the  centrum,  to- 
'with  the  policies,  transverse  and  superior  articular  processes  ;  the  posterior  comprises  the 
particular  prc>cesses,  the  laminae,  and  the  spine.  (Turner,  Ghallemjer  Reports,  voL  xvi.) 
owgki  and  Dwight  record  instances  of  the  occurrence  of  a  foramen  in  the  transvei-se 
•of  the  V.  lumbar  vertebra  (^7i«<.  Anz.  Jen<i,  vol.  xx.),  and  Ramsay  Smith  describes  a  case  in 
;the  right  transverse  prowss  of  the  IV.  lumbar  vertebra  of  an  Australian  sprang  from  tlm 
I  the  Ixxly  in  fn:»nt  of  the  i)edicle,  being  unconnected  either  with  the  pedicle  or  articular 
i. 

THE   FALSE   OR   FIXED    VERTEIilLE. 

The  Sacrum. 

he  gacmni  (os  sacrum),  of  roughly  triangular  shape,  is  formed  l)y  the  fusion 
lally,  of  five  vertebrae.  The  anterior  surface  of  the  bone  is  slightly  hollow  from 
to  side  and  concave  from  above  <lowiiwards,  the  curve  beiug  usually  most 
nmced  opx>o8ite  the  third  sacral  segment.  I'he  central  part  corresponds  to 
©dies  of  tlie  sacral  vertebra^  the  lines  of  fusion  of  which  are  indicated  by  a 
§  of  four  parallel  ridges  which  cross  the  central  part  of  the  bone  at  gradually 
Dishing  intervals  from  above  downwards;  externally,  these  ridges  disappear 
ither  aide  on  the  inner  walls  of  I  lie  four  anterior  sacral  foramina  (foramina 
lia  anteriora).  The  size  of  these  holes  decreases  from  al)Ove  downwards.  The 
T  and  under  border  of  each  foramen  is  formed  by  a  stout  bar  of  bom^,  of  which 
Kara  five  on  each  side,  corresponding  in  number  with  the  vertebnc  present. 
le  unite ^jKEtemally  so  as  to  form  the  lateral  mass  (pars  lateralis),  and  tlius 
Qie  the  foramina  to  tlie  outer  side,  though  here  the  edge  is  not  aljrupt,  but 
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8loi)ed  80  as  to  pass  gradually  into  the  canal.  The  large  anterior  divisions  o 
sacral  nerves  pass  through  these  foramina  and  occu]>y  the  shallow  groovea. 
bone  is  broiidest  ticross  the  first  sacral  vertel»ra,  tt^nds  to  narrow  opi)osit< 
second,  and  again  usually  increases  in  width  opposite  the  thiRl.  When 
condition  is  well  marked,  the  edge  has  a  notched  appearance  (sacral  notch)  i 
assists  in  the  interlocking  of  the  sacro-iliac  joint ;  this  feature  is  common  ii 
Simiidic  and  some  of  the  lower  races  of  mankind  (Paterson).  The  surface  of 
between  and  external  to  the  first,  second,  third,  and  fourth  foramina  a; 
attachment  to  the  fibres  of  origin  of  the  pyriformis  wliich  may  in  some  iust 
extend  on  to  the  bodies  of  the  II.  and  III.  segments  (Adolphi),  whilst  on  the 
external  to  and  l)elow  the  fourth  foramen  the  coecygeus  is  inserted. 

The  posterior  surface  is  rough  and  irregular.     (Jonvex  from  above  downwai 
displays  mesially  a  crest  (crista  sjxcralis  media)  whereon  are  seen  four  elon; 


^?u|•^•riur  artioular  pniCi's.M»H      Trarwverso  i)roCP.»s  of  tirat  iwcnil  veitebi 
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i;<ii-r-y;f»'al  articular  siirfaci* 
Fi<;.  <)'>. — The  Sacuvm  laiiU*rior  \i».'\v). 

tubercles — the  sjiinea  of  tlie  upper  four  Siicral  verlcbne.  External  to  thea 
l)one  forms  a  groove — th(»  sacral  groove — the  floor  of  whicli  is  made  up  of  the 
fluent  Inminii'  of  the  corres]>onding  vertebra*.  In  line  witli  the  intervals  bet 
the  spines,  and  wider  a])art  above  than  IhjIow,  anotlier  series  of  tubercles  is 
seen.  These  are  due  to  the  fusit.m  of  tlie  articular  processes  of  the  sacral  vert 
and  togt?ther  tliey  form  faint  irn*guhir  riilges  on  the  bone  (eristic  sacrales  articul 
Normally,  the  spine  of  tlit*  lowest  siicral  segment  is  absent,  and  the  laminae  d 
coalesce  mesially,  thus  leaving  a  ga]>  in  wliich  th(»  spinal  carnal  is  exposiMl  (1: 
saoralis) ;  whilst  inferiorly  the  tubercles  corrus]»onding  to  the  inferior  arti 
processes  of  the  Inst  sacral  vertebra  form  little  down-]a'ojeeting  processes 
sacral  comoa  (cornua  sacralia) — by  means  of  which  the  sacrum  is  in  j)art  unit 
the  coccyx.  Just  wide  of  the  articular  tu)>ercl(?s  are  the  posterior  sacral  fon 
(foramina  sacralia  posterioni),  for  the  transmission  of  the  posterior  divisions  o 
sacral  nerves.     These  are  in  correBix)ndeuce  with  the  anterior  fonim?na,  so  tl 
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e  can  be  passed  directly  through  both  openings ;  but  it  is  to  be  noted  that  the 

ixior  are  much  smaller,  and  their  margins  much  shariKir,  than  is  the  case  with 

anterior.     The  surface  of  the  lateral  mass  external  to  the  posterior  sacral 

nina  is  rough  and  irregular,  owing  to  the  presence  of  four  more  or  less  elevated 

rcles,  which  constitute  the  lateral  ridges  on  either  side  of  the  bone  (crista 

Jes  lateralea),  and  which  are  serially  homologous  with   the  true  transverse 

Mk*s  of  the  lumbar  vertebrie. 

Tie  posterior  surface  of  the  bone  furnishes  an  extensive  surface  for  the  origin 

e  erector  spinie  muscles,  whilst  the  edge  of  the  bone  external  to  the  third  juid 

h  foramen  gives  attachment  to  the  gluteus  maximus. 

'he  base   of  the  bone  displays  features  more  in  accordance  with  a  typical 


Supiriior  articular  procuss 
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li^uiiientri 


I  iilbviar  bitcrml  iini$L«^ 


Sacml  cumu 


.liiferJor  ajw^rtiiTO  of -Sflt^ml  rjiiial 
lini{>V4'  fur  liflL  saicml  twrve 


(.!«»(■(•  ji^rnl  arliful.'ir  sut f;ict* 
Fig.  go.— The  Sacuim  (posUTior  view). 

ibra.  Centrally,  and  in  front,  is  placed  the  body,  the  upper  surface  of  whicli 
dates  with  the  last  lumbar  vertebra  through  the  uuHlium  of  an  intervertebral 
The  anterior  margin  is  thin  and  projecting,  overhanging  the  general  con- 
ty  of  the  front  of  the  bone,  and  forming  what  is  called  the  promontory  (promon- 
m).  Behind  the  body,  the  spinal  canal,  of  triangular  form  with  slightly 
wed  sides,  is  seen,  whilst  posteriorly  is  the  short  si»inoiis  process  forming  the 
est  tubercle  of  the  median  crest.  Spreading  out  from  the  sides,  and  partly  from 
Isck  of  the  lK)dy  on  either  side,  is  a  fan-shaped  mass  of  bone,  the  up])('r  surface 
rhich  is  slightly  concave  from  side  to  side,  and  convex  fmm  above  and  behind 
nvBrds  and  fonvards.  This,  the  ala  (ala  sacral  is),  corresponds  to  the  tliick  u])iHjr 
lerof  the  lateral  mass,  and  is  formed,  as  will  be  exj^laincd  horoafter,  by  elements 
ch  correspond  to  the  j)edicles  and  transvt^.rsc  j processes  of  the  sacral  vertebra3, 
ither  with  superadded  structures — the  sjicral  rihs.  The  external  margin  of  the 
oil  mass,  as  seen  from  above,  is  sharp  an»l  outwardly  convex,  terminating  behind 
tpraouDent  tubercle — the  highest  of  the  series  of  ole\ations  seen  on  the  posterior 
h»o(  the  bone,  which  have  ])een  already  described  as  serially  homologous  with 
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the  true  transverse  prowsses  of  the  lumbar  vertebroe.  Fused  with  the  back  of 
lateral  mass,  and  separated  from  it  externally  by  a  narrow  Imt  deep  notch,  it 
superior  articular  process.  Tliis  supports  a  vertical  articular  surface,  which'  i 
circular  or  oval  form,  and  concave  from  side  to  side,  having  a  general  diraa 
backwards  and  a  little  inwards. 

The  borders  of  the  bone  are  tluck  above,  where  they  articulate  with  the 
thin  and  tapering  below,  where  they  furnish  attachments  for  the  powerful  m 
sciatic  ligaments.  The  iliac  articular  sur£Eu;es  arc  described  as  auricular  in  si 
(facies  auriculares),  and  overlie  the  lateral  masses  formed  by  the  first  three  ■ 
vertebra?,  though  this  arrangement  is  liable  to  considerable  variation.  Behind 
auricular  surface  the  bone  is  rough  and  pitted  l»y  three  distinct  depressions  for 
attachment  of  the  strong  sacro- iliac  ligaments.  Inferiorly,  the  edge  formed' 
the  lateral  masses  of  the  fourth  and  fifth  sacral  vertebrte  becomes  gradi 
thinner,  and  at  the  inferior  lateral  angle  changes  its  direction  and  sweeps  ini 
towards  the  body  of  the  fifth  sacral  segment. 

The  apex,  or  lower  end  of  the  sacrum,  is  formed  by  the  small  oval  l>ody  of 
fifth  sacral  vertebra,  which  articulates  with  the  coccyx. 

The  sacral  canal  follows  the  curve  of  the  bone;  more  or  less  triangular^ 
shai)e  above,  it  Ixjcomes  appressed  and  flattened  below.     Inferiorly,  its  po8tei| 
wall  is  deficient  owing  to  the  imperfect  oasification  of  the  laminie  of  the  fifth, 
it  may  lx.»,  of  the  fourth  sacral  segments.     Passing  obliquely  outwards  and 
wards  from  this  canal  into  the  lateral  masses  on  either  side  are  the  four 
intervertebral  foramina,  each  of  which  is  connected  externally  with  a  V 
canal  wliich  terminates  in  front  and  behind  in  the  anterior  and  posterior 
foramina.     The  hinder  limb  of  the  V  is  shorter  and  narrower  than  the  anterioc 

The  female  sacrum  is  proportionately  broader  than  the  male.  Its  curvei 
liable  to  great  individual  variation,  though  the  absolute  depth  of  the  curve  is 
than  in  the  male. 

Variations. — The  number  of  .sacral  Bcgments  may  be  increased  to  six  or  reduced  to  fonc 
J).  90).     Transition  forms  ai«  occasionally  met  with  in  which  the  first  sacral  segment  d" 
on  one  side  jmrely  sacral  characters,  t.^  it  articulates  with  the  innominate  bone,  whilBt 
opposite  side  it  niay  present  all  the  features  of  a  lumbar  vertebra.    Through  deficiency 
developmt-nt  of  the  laminie,  the  neural  canal  may  l>e  exposed  througliout  its  entire  lim|ri 
to  a  greater  extent  than   is  normally  the  case.      (Paterson,  Roy.  Dublin  Soc.  Scieniifiell 
vt)l.  V.     Serie."*  II.)    Szawlowski  and  Barclay  Smith  record  the  occunenre  of  a  foramen  i| 
lateral  mass  of  thr  1.  sacral  vertebra  (Joarn.  of  Anat.  and  Phygiol.  Lond.  voL  xxxvi.  p.  378)l 

Coccyx. 

The  coccyx  consists  of  four — sometimes  five,  less  frequently  three — rudimen 

vertebrte,  which 
become  fused.    Tha 
piece  is  larger  than 
others;   it  has  an 
hollow  facet  on  its 
surface,  which  ai 
with  the  body  of  feha^ 
sacral    segment.      1 
teriorly,  two    prooMJ 
comoa   coocygea,  ¥ri| 
lie  in   series  with  i 
articular    procesaea 
the  sacrum,  extend^ 
wards  and   unite  ^ 
the  sacral  comua,  li 
bridging  over  the  no 

1.  Transverse  ijnjti'ss.       3.  Sacrum.       5.  Suoniiii.        7.  Traiisvorse  jirocess.  a*      ^.i      .*vif  r»f   fliA    A 

2.  IVaiisvcrsu  pnK'ems.       4.  Coniu.         6.  C'oriiu.  8.  Transverse  process.  *"^  ",  '  *^^"  "^    ''"?    " 

sacral   nerve,  and  o 
verting   it   into  a   foramen,    the    last   of    the   intervertebral    series.     From 
outer  sides  of   the   body   project   rudimentary  transverse   proceBses  which  m 
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r  not,  unite  with  the  sacrum  close  to  the  lower  lateral  angles;  in  the 
ase  the  fifth  anterior  sacral  foramina  are  enclased.  Inferiorly,  the  body  of 
ne  articulates  with  the  succeeding  vertebra.  The  second  coccygeal  vertebra 
B  slight  traces  of  a  transverse  process  and  the  rudiments  of  pedicles.  The 
Qg  segments  are  mere  rounded  or  oval-shaped  nodules  of  bone. 

Ion  between  the  lower  elements  occurs  normally  in  middle  life,  whilst  union  between 
:  and  second  segments  occurs  somewhat  later.  It  is  not  unusual,  however,  to  find 
»  first  coccygeal  vertebra  remains  separate  from  the  others.  Though  very  variable, 
e,  fusion  occurs  more  commonly  in  the  male,  and  at  an  earlier  age,  than  in  the 
Szawlowski  has  recorded  a  case  in  which  a  curved  process  arose  from  the  ventral 
of  the  first  coccygeal  segment  He  regards  this  as  possibly  the  homologue  of  a 
arch  {Anat.  Anz,  Jena^  vol.  xx.  p.  320). 

m  the  posterior  surface  of  the  coccyx  the  gluteus  maximns  arises.  To  its 
il  liorders  are  attached  the  coccygei  and  levatores  ani  muscles,  and  from  its 
Bg  the  fibres  of  the  sphincter  ani. 

VERTEBRAL  COLUMN  AS  A  WHOLE. 

ten  all  the  vertebne  are  articulated  together,  the  resulting  column  displays 
characteristic  features.  The  division  of  the  column  into  a  true  or  movable 
)mprising  the  members  of  the  cer\'ical,  thoracic,  and  lumbar  series,  and  a 
r  fixed  portion,  including  the  sacrum  and  coccyx,  can  now  be  readily 
ised.  The  vertebrae  are  so  disposed  that  the  centra  or  bodies  form  an 
.pled  column  of  solid  parts  in  front,  which  constitutes  the  axis  of  support 
head  and  trunk ;  whilst  the  neural  arches  l>ehind  constitute  a  canal  for  the 
mt  and  protection  of  the  spinal  cord  and  its  membranes.  In  the  movable 
r  the  column  both  the  anterior  supporting  axis  and  the  neural  canal  arc 
to  changes  in  their  disposition  owing  to  the  movements  of  the  head  and 
like  the  Ixxiies  and  neural  arches,  the  spinous  and  transverse  processes 

0  superposed,  and  fall  in  line,  forming  three  series  of  interrupted  ridges — 
le  spinous)  placed  centrally  and  behind,  the  others  (the  transverse)  placed 
ly.    In  this  way  two  vertebral  grooves  are  formed  which  lie  between  the 

1  and  lateral  ridges.  The  floor  of  each  groove  is  formed  by  the  laminaj  and 
lar  processes,  and  in  these  grooves  are  hxlged  th(3  muscles  which  serve  to 
rt  and  control  the  movements  of  the  column. 

irther,  the  column  so  constituted  is  seen  to  display  certain  curves  in  an 
)-po6terior  direction.  These  curves  are,  of  course,  sulyect  to  very  great 
ion  according  to  the  position  of  the  trunk  and  head,  and  can  only  l)e  satis- 
Dt  studied  in  a  fresh  specimen ;  but  if  care  be  exercised  in  the  articulation 
iTCrtebrae,  the  following  characteristic  features  may  be  ol)served,  assuming,  of 
!,that  the  column  is  erect  and  tlie  head  so  placed  that  the  axis  of  vision  is 
ed  towards  the  horizon.  There  is  a  forward  curve  in  the  cervical  region, 
I  gradually  merges  with  the  backward  thoracic  curve ;  this  becomes  con- 
is  bdow  with  an  anterior  convexity  in  the  lumbar  region,  which  ends  more 
B  abruptly  at  the  union  of  the  fifth  lumbjir  with  the  first  sacral  vertebra, 
!  the  sacrum  slopes  suddenly  backwards,  causing  the  column  to  form  a 
Bd  projection — the  sacro-vertebral  angle.  Below  this,  the  anterior  concavity  of 
xM  of  the  sacrum  is  directed  downwards  as  well  as  forwards.  Of  these  four 
I,  two— the  thoracic  and  sacral — are  primary,  they  alone  exist  during  f^rtal 
whilst  the  cervical  and  lumbar  forward  curves  only  mixkti  their  appearance 
birth — the  former  being  associated  with  tlie  extension  and  elevation  of  the 
vhilst  the  latter  is  develoi)ed  in  connexion  witli  the  use  of  the  hind  limb  in 
lyper-extended  position,  which  in  man  is  correlated  with  the  assumj)tion  of 
rect  posture;  this  curve,  therefore,  only  ap])ears  after  the  child  has  l)eguu  to 
For  these  reasons  the  cervical  and  lumbar  curves  are  described  as  secondary 
anpensatory. 

Tot  infrequently  there  is  a  slight  lateral  curvature  in  the  thoracic  region,  the 
erity  of  the  curve  being  usually  directed  towards  the  right  side.     This  may 
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be  associated  witli  a  greater  use  of  the  muscles  of  the  right  upper  liml 
depend  on  the  pressure  exercised  by  the  upper  part  of  the  thoracic  aorl 

vertebrae  of  the  thoracic  region,  thus  causing 
lateral  displacement,  together  with  a  flatteni 
side  of  the  five  thoracic  vertebne  (impressio  a* 
Wiis  first  point-ed  out  by  Wood  {Journ.  Anat,  c 
slot.  vol.  iii.)  Above  and  below  this  curve  ' 
slight  compensatory  curves  in  the  opposite  d 
The  line  which  unites  the  tips  of  the  i 
not  a  repetition  of  the  curves  formed  by  th< 
This  is  due  to  the  fact  that  the  length  and  ( 
of  the  spines  vary  much  in  different  regions ; 
the  nock,  with  the  exception  of  the  second,  si 
seventh,  tlie  spines  are  all  short  (absent  in 
of  the  atlas).  In  the  thoracic  region  th 
thougli  long,  are  obliquely  placed — a  circi 
which  much  reduces  tlieir  prominence ;  tha 
seventli  thoracic  vertebra  is  usually  the  Ion 
most  slanting.  Below  this  point  the  lengt 
spines  gradually  decreases,  and  their  positi 
nearly  approaches  the  horizontaL  In  the  1 
spines  have  all  a  slight  downward  direction. 

Takt'U  fifl  a  wliolo,  the  s]>ines  of  the  movable  v< 
man  have  a  downward  inclination — a  character  wliicl 
with  the  anthroj>oid  api^**  and  a  few  other  animf 
character  serves  t4>  distinguish  his  column  from  th« 
mammals  in  which  the  i<T)im«  of  the  lumbar  ver 
(lin»ct«Kl  headwanls  towanls  the  "centre  of  motio: 
is  usually  situated  near  the  hinder  extremity  of  t' 
where  a  vertebra  is  j)lacefi  the  direction  o{  who» 
vertical  to  the  horizontally  disjwsed  column;  thi 
is  often  referred  to  as  the  anticlinal  vertebra. 

The  spines  of  the  upper  three  or  four  saci 
brcT  form  an  osseous  ridge  with  interrupted  t 
The  ridge  formed  by  the  vertebral  spint 
important  determinant  of  the  surface  form,  i 
responds  to  the  median  furrow  of  the  back,  i 
the  inilhidual  spines  may  be  felt  and  couni 
the  seventh  cervical  down  to  the  sacral  regie 
is  best  done  when  the  back  is  well  bent  forw 
As  viewed  from  the  front,  the  vertebn 
increase  in  width  from  the  second  cervica 
first  thoracic;  thence  a  reduction  in  bread 
]>hic(^  to  the  level  of  the  fourth  thoracic,  beic 
there  is  a  gradual  increase  in  their  transverse  d 
until  the  Siicrum  is  reached.  Here  a  rapid  i 
in  width  takes  place,  terminating  inferior!; 
nodules  of  the  coccyx. 

The  transverse  processes  of  the  atlas  . 
and  outstanding.  The  succeeding  four  cervic 
bra*  have  transver»^  prr^cesses  of  nearly  equa 
the  seventh,  however,  displays  a  marked  im 
its  tnuisverso  diameter,  and  is  about  equal  i 
to  the  first  thoracic  vertebra.  Below  this  a 
and  regular  diminution  in  width  charactei 
transverse  proc'esses  of  the  thoracic  vertebi 
in  the  case  of  the  eleventh  and  twelfth  they  are  merely  represented  by  t 
external  tubercles.  In  the  luml)ar  region  the  transverse  processes  agaii 
outstanding,  and  of  nearly  equal  length. 

The  transverse  diameter  of  the  lateral  mass  of  the  first  sacral  verteb: 
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ieat  part  of  the  C5oliimn.  Below  this  a  decrefiae  in  width  occurs  until  the 
f  the  third  sacral  segment  is  reached,  at  which  point  the  transverse  diameter 
tfwhat  abruptly  iliminished,  a  reduction  in  \vidth 
is  further  suddenly  accentuated  opposite  the  fifth 
segment. 

\-iewed  from  the  side,  the  bcxlies  display  a  gradual 
»  in  their  antero-posterior  width  until  the  second 
r  vertebra  is  reached,  l)elow  which  this  diameter  is 
y  reduced.  In  the  sacral  region  the  reduction  in 
liameter  is  great  in  the  first  and  second  sacral 
Its,  more  gnulual  and  less  niark(»d  in  the  last  three  — p^^^^^^a 

Qta.  .:?^-^^MS^£S 

e  facets  for  the  heads  of  the  ribs  in  the  upper  thoriicic 
lie  on  the  sides  of  the  boilies ;  those  for  the  tenth, 
th,   and    twelfth    are   plact»d    farther   back   on    the 
?s. 

le  intarvertebral  foramina  increase  in  size  from  above 
cards  in  the  movable  part  of  tlie  colunm,  Ixiing  largest 
i  lumbar  region.  In  the  sacral  region  they  docreiise 
i?  from  above  downwards.  In  the  cervical  region  tlie 
lighest  cer\ucal  nerves  jwiss  out  l)ehind  the  articular 
*^es  of  the  athis  and  axis,  and  lie,  therefore,  iKjhind 
i)rrespr>nding  transverse  processes  of  these  vertebra;. 
ucceeding  cer\-iciil  nerves  ]mish  out  through  the  inter- 
»ral  foramina  which  are  pkced  l)etween  the  transverse 
wes  and  in  front  of  the  articular  processes.  In  tlie 
:ic  and  luml»ar  verteline  the  intersertobrjd  foramina 
front  of  both  the  articular  and  transvei^e  processes. 
rrangeuient  of  these  foramina  in  the  kicriim  has  Ijeen 
iy  sutliciently  exiilained. 

le  nenral  caxud  for  the  Imlgment  of  the  spinal  cord  and 
?ninges  is  largest  in  the  cervical  and  lumbar  regions, 
rh  iif  wliich  it  assumes  a  triangular  form ;  whilst  it  is 
w  and  circular  in  the  thoracic^  n*gion.  These  facts  are 
ateil  with  the  movements  oi'  the  column  which  are 
free  in  those  regions  whrre  the  canal  is  largest,  i.r.  the 
and  loins. 

lie  ETerage  length  of  the  viTtehnil  column  is  from  70  to 

iitimctreri,  or  from  27A  to  2SJ  inches.     Of  this  the  cervical 

measures  from  13  to  14  cm.  :  the  thoracic,  27  to  21)  cm.  ; 

ar,  17  to  IS  cm.  ;  and  ihv.  sacrococcygeal,    12  to   IT)  cm. 

iidividual  differences  in  the  lcnj;th  of  the  colnmn  are  less       .ctjxXSMPC/'*-^ 

one  might    exi)cct,  the    variation    in    heiglit    of   ditrerent    ^^^^r  "t'C—?^ 

iduals  being  often  hirj^ely  <lependent  on  tlie  length  of  the 

•  limbs.      In  the  female  the  average  lenj^th  of  the  cnlunni 

out   t>0  centimetres,  or  23 J   inches,  and  the  curve  in   the 

or  region  is  usually  more  pronounced. 


IcMtectnre. — The  vertt-hrar  an*  f»>riin*<l  of  spongy  Ikwic  con  tin  w  I 
n  a  thin  and  dense  <*nv«*lojn-.  In  th«'  ImkHcs  the  anaii«:«Mn«'Ht  of 
inoirlltiii?  li.-isuf,  wlii<'h  is  travt-rs***!  liy  venous  oliannels,  is  >\u:]i 
di>iilay  a  vrrtiral  slriation  with  lanH-lhe  arran<,'eil  horizontally. 
i-xUTnal.  siijierior,  and  infi-iior  walls  aiv  viry  thin  tljat  direct  »i  I 
•■  neural  ivinal  iM'ing  usually  thicker  and  denser  tlian  the  otln-rs. 
Q**  jMiicleti  and  roots  of  the  tran^vel•s^»  ]mKvsses  the  can<'cllous 
?  U  much  mope  oiK^n.  Tlu*  outer  crivelojM'  is  Hui(;h  t]ii<kcr  wliere  **'"'•  ^'•^-  VKUTEim.\L  Column 
•uikI?  the  ncunil  ring,  and  whi-iv  it  forms  the  lK)ttoin  (»f  the  '^^  ^^-^'^  '''"^^'  nEHiNn. 
ri'»r  and  inferi«)r  intervertehral   notches.      In  tlie   lamina}   tin- 

prti^ue  is  confined  Ix'twnMi  two  eomjiact  layei-s,  of  which  that  directed  to  the  S]>inal  canal  is 
:hi«:ker.     In  the  spinous  nrfjcessi^s  the  up]KT^-<lge  is  always  the  mon*  comT)a<t. 
rariatioilB.— Kamerical  variations  of  the  Column  as  a  'W'hole.-    Increase  in  the  nmnher  of 
rbfal  h^menU  m  usually  <luc  to  differences  in  the  number  of  the  coccygeal  vertebrtB ;  these 
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may  vary  i'nnu  lour-  wliicli  may  1m*  n*^'anK*<l  as  tlie  normal  uiimlH.*r  -t<»  nix.  Tlie  inunh 
pri'.s\<ral  or  m(»vaMt»  viM-ti'bra'  is  normally  24  (7  C,  12  D,  and  5  L).  In  wliicli  (vij«e  the  I 
vi*rti'l»ra  forms  tln'  fii-st  sici-jil  .s»-j,'nirnt  (vertel»ra  fuKnilis  uf  AVelcktT).  Tlu*  number  of  jirwi 
wrtebrM'  may  Ik.*  iniTt-ascrl  hy  tin*  int«'rcalation  of  a  st-piient  i*itlier  in  tlit*  thoracic  or  liimliafre 
witlnml  any  altt^ration  in  tlu*  niimK-r  of  llir  sural  or  <'o<rygt'al  I'lennMits  :  thus  \vi»  may  have 
13  I),  and  5  L,  or  7  C\  12  D,  and  6  L,  or  may  Ik?  r«'<ln((*d  l>y  tlu*  disajnH-arant.v  of  a  vertobml 
ment  -thus*,  7  (\  12  I),  and  4  L.  Such  an  arrangcnu-nt  jiresunpossos  (li'velonmental  errors  d 
of  oxi.M-ss  ur  default  in  tlu*  st*gnu*ntati(»n  of  tlu*  column.  On  tlu*  otlu-r  liana,  tlu*  total  nunibi 
vertebral  s**LMuents  remaining  the  same  (24  or  25),  we  may  have  variations  in  the  number  oft 
a>sigiu*d  to  different  regions  due  to  the  ad<lition  of  a  verti'bral  s**gnu*nt  to  one,  and  its  eouricrqi 
subtraction  fi"om  another  ivgion.  Thus,  in  the  24  ])resjuM'al  vertebra*,  in  cx^^es  of  the  (M*cunvni 
cervical  rib.s  the  formula  is  rearranged  thus  G  (\  13  D,  and  5  L,  or,  in  the  case  of  a  thirta 
rib  Ix-ing  lu-esi'nt,  the  fornnila  wtjuld  1k»  7  C,  13  J),  4  i^,  as  ha|>i>ens  normally  in  the  gorilla 
<."himi)anztM*.  Similarly,  the  numlwr  of  the  juvsiicral  vertebrn*  (24;  may  Ik*  increaf'i'd  bv 
withdrawal  of  a  segment  fn»m  the  sacral  region  -7  C,  12  D,  G  L,  and  4  S-  or  dimini^^hcd  h 
increase  in  the  numi>er  of  the  sjicral  vertebra.*,  as  in  the  formula  7  C,  12  1),  4  L,  and  6  S. 
crease  in  the  numU*r  of  siu'ral  s«*gmentj?  may  be  due  to  fusion  with  a  lumbar  vertebra.*,  or  by 
adtlition  of  a  c<Hrcygeal  elenu*nt :  the  latter  is  nu>iv  fn*nuently  the  case.  This  variability  in 
constitution  of  the  .sacrum  is  necess'irily  c<M'i'elatt*<l  witn  a  shifting  backwai"<ls  and  forward 
the  jH*lvic  gii-dle  along  the  vert4.*bral  column.  Kosenburg  considi-r-s  that  the  2f)th,  27th,  and  ! 
vertebra*  are  the  primitive  sacral  seguu*nts,  and  that  the  sicral  charai'ters  of  the  25th  vert< 
(the  first  sacral  seguu*nt  in  the  normal  adult  column)  are  only  secondarily  acfpiiiviL  He 
supiiorH*.-*  that  during  dev«-loj>nu*nt  there  is  a  forwanl  shifting  of  the  sacrum  and  pelvic  ^ 
with  a  conse4iu*nt  i-eduction  in  the  length  of  the  presacral  port  inn  of  the  column.  Thii*  vi« 
oj>jM»si'd  by  Fatei-son  (Hinj.  Diihh'n  Sor.  Sn'rutijlr  Trnnx.  vol.  v.  Ser.  II.),  who  found  that  ossifica 
took  j»lac»'  in  the  ahe  of  tlu*  25th  vertebra  {fii-st  adult  .su'ral  si*gment)  l»efore  it  made  it»»  apj 
ance  in  the  ahn  of  the  2Gth  vertebra.  He  thus  assuuu-s  that  the  ahe  of  the  25th  vertebra 
be  regaiile<l  .as  the  main  smd  ]>rimary  attaclnnent  with  the  ilium.  His  conclusion.**,  I)a!$«d  < 
large  numlM'r  of  ol>H*rvations,  areat  variance  with  Rosenburgs  views,  for,  accoi-ding  to  hi.sopii 
liln'ratiou  of  the  fii-st  sural  s<*gnu*nt  is  more  comnu»n  than  a>.<imilatinn  with  tne  fifth  lui 
vertebra,  and  a.-*similation  of  tlu*  fii-st  coccygeal  vertt*bra  with  the  sacrum  is  more  common 
liU*rati«iii  of  the  fifth  .sacral,  thus  leading  to  the  inference*  that  tlu*  sacrum  tends  to  shift  I 
wai"<ls  nunv  often  than  forwaixls     (See  also  T.  Dwight,  Aunt.  An::.  Jfno^  v«»l.  xix.  pj».  321,  31 
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As  has  been  already  slated  (p.  i'O;,  the  neural  tiilu^  and  the  iiotochord 
enveloped  by  a  continuous  sheath  of  mesodermal  tissue  which  forms  the  membnu 
vertebral  column.  It  is  l)y  the  ehondrilieation  of  this  that  the  Ciirti la *f incus  coli 
is  developed.  This  proce.^s  c^nnniences  about  the  end  of  the  first  or  the  iH'gini 
of  tin*  see(jnd  month  of  f'teUil  lite.  In  corresjM»ndencc  with  eiich  vertebral  segn: 
two  synimetrieal  noduh'S  of  cartila^^e  appt^ar  on  either  side  of  the  notochord;  I 
rai>idiy  surround  ami  constrict  it.  By  tlieir  fusion  they  constitute  the  IkkIv  ^ 
cirtilajLjinous  vcrtt»]>ra,  and  are  so  disposi^l  that  they  alternate  in  position  with 
muscle  plates  which  are  lyin*f  on  either  side.  In  tliis  way  a  vertebral  body  w 
s|H:)nds  in  position  to  the  posterior  half  of  the  anterior  myotome,  and  the  auU 
half  of  the  posterior  myotome,  the  intermyotomic  intervals,  which  contain 
connective  tissue  plates  separating  the  muscle  .segments,  lie  in  line  latei 
with  the  mid- points  of  the  sides  i)f  the  cartilaginous  ve^tebra^  It  is  by  chbi 
tication  of  these  intersegmental  layers  that  in  certain  regions  the  ribs 
ultimately  developed.  Meanwhile,  the  seleratogeiious  tissue  Ixjtween  t!ie  ehoi 
fyinu  vertebral  ]>odies  undergoes  little  (diange  and  juTsists  as  the  intervertc 
disc.  Here  the  embedded  chorda  undergoes  but  slight  compression  and  enla 
so  that  if  .1  length  of  the  column  Ihj  examined  in  longitiulinal  section  the  ii 
clu»rd  displays  a  mnniliform  appearance,  tlu^  constricted  ]mrts  of  the  ch 
corresjM Hiding  to  the  bodies,  the  (*nlarge<l  portions  to  the  discs.  The  foi 
disappear  at  a  later  stage  wlu^n  ossification  begins,  but  the  latter  persist  in 
adult  as  the  pulpy  core  in  the  centre  of  the  hitervertebral  di.sc. 

The  portions  of  the  sclera t<»gioious  tissue  which  lie  lateral  to  the  ch 
have  n(».\t  to  K*  consith*red ;  the.^e  extend  dor.^ilwards  anumd  the  neural  c; 
ami  vrntralwards  beneath  the  cluuila.  Tht*  fornuT  is  sometimes  called 
vertei)ral  ]>ow,  th»*  latter  the  hyiM)chordal  bow.  The  verlebnil  bow  liegiii 
eluMidrify  c»n  (Mther  side,  and  forms  the  lateral  portions  i»f  the  cartilaginous  nt 
arch,  tlu*  rxlreujities  of  which  usually  unite  dorsally  about  the  fourth  mont 
fietal  life:  if  from  defective  develojauent  this  union  shouhl  fail  to  uccv 
delbrmity  known  as  sj»ina  bifida  is  the  j-esult. 
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From  the  cariilagiuouH  neural  arcli  so  formed  arise  tlie  choudrified  ru<liin«»nts 
'  the  ?piuou9,  traii8\*er8e,  and  articular  processes. 

The  choiidrificAtion  of  the  neural  arch  is  variously  described  as  being  in- 
spendent  of  the  boily  or  an  extension  from  it;  in  any  case,  union  between  it  au<l 
fte  tody  is  rapidly  ettt'cted. 

Tlie  8cl**i"at«jgenous  tissue  between  the  cartilaginous  ntniral  arches  which  tloes 
DC  undergo  chondrification  persists  as  the  ligaments  uniting  the  neural  laminje. 

As  regards  the  so-called  hypochordal  Ijow,  for  tlie  most  i)art  it  disiippears. 
iy  g4ime  it  is  regarded  as  Vxung  represented  by  a  fibrous  straud  in  tlit^  iiiter- 
enehrul  disc  in  front  of  the  vertelira  to  which  it  belongs.  It  is,  however, 
oteworlhy  that  in  the  ease  of  tlie  atlas  vertebra  there  is  an  exception  to  this 
mngemeiit ;  for  here  the  hyi)Ochordal  b(Av  chr<.»ndrities  and  sul)sequently  by 
&siticatiftii  forms  the  anterior  arcli  of  tliat  bone — an  arch  w^liich  lies  ventral  to, 
ad  embraces  tlie  (xlontoid  process  of  tlie  axis  (q.v.  p.  92). 

It  is  only  in  the  thoracic  region  that  the  ribs,  develoi>ed  as  stated  above  by  the 
faundrificatii»n  of  the  intersegmental  septa,  attain  their  full  dimensions.  In  the 
ervieal,  lunibar,  and  sacral  regions  they  exist  only  in  a  rudimentary  or  modified 
arm,  as  has  Iweu  descril)ed  elsewliere.  In  the  c<;nstruction  of  the  chrst  w^all 
lie  ribs  are  8U])ported  ventrally  by  the  sternum,  as  to  the  develo])ment  ol'  which 
iiere  is  .^wiine  ilifference  of  opinion.  Euge  has  descjribed  this  bone  as  ibrmed  by 
ht  fusion  of  two  cartilaginous  l.»ands  produced  by  the  coalescence  of  the  expanded 
Mids  i>f  the  first  five  or  seven  cartilaginous  ribs.  I'aterson,  on  the  other  hand, 
Beganls  the  stenium  as  arising  inde^Kindently  of  the  ri]>s  by  the  union  of  a  right 
ad  left  sternal  bar  in  the  median  ventral  line.  There  are  als*^  reasons  fur 
inppojiing  that  the  ])resternum  is  intimately  associated  with  the  development  of 
tie  ventral  i»art  of  the  shoulder  girdle. 

Ossification   of  the  Vertebrae. — The  vorte))ne  are   developed   by  ossiticiition   of 

the  ••jirtilago  which  surrounds  the  notochoixl  and  which  passes  backwards  over  the  sides  of 

tlie  ii«:ural    canal.      The  centres  for  the  bodies  first  appear  in  the 

Vwrcr  thoracic   vc-rtebne  alM>nt  the  tenth  week.      An  »»val  nucleus 

develops  in  each  htAy.      At  first  it  is  placed  dorsal    to    the   noto- 

rhfipl.  l^iit   subse'piently  surrounds   aial    cjuises    the  disiippearanco 

«•?  tLit    >triK:tiire.       OcGisionally,    however,    the    primitive    centre 

H^j^iTs   to   Ix'   fonue<]   by   the  coalescence    of    two   primary   nuclei. 

^Ttp-rt    is    Liivon    to    this    view    by    the    occasional    occurrence    of 

TtTtr-^nv  in  which  the  bfxly  is  developed  in  two  bit  era!   halves,   or 

la  ■.-i^.j^  where  only  one-half   of    the    ImkIv  ])ersists  (Turner);    nor- 

.   Baik.   h<iwevor,    it   is  ini|>ossible  to  niak(»  out  this  division.      From  '  .    ^^"'^-^TtoN 

.        ,  ,.1,1.  1111  1.  ^'^     ^  KKTKUlt.K. 

tar*  sui^le  nuclei  the  b«^lies  are  develoj)e<i,  tlie  j)rocess  extentlnig 
!  'i;jsai"l  d'lwn  the  colunni  until,  by  the  fifth  month,  all  the  centra  possess  ossific  deposits, 
-  tti-t^j-t  the  eocirvLreal  segments.  About  the  seventh  week  a  single  centre  aj)pears  in  the 
:  ue:irjl  ;irch  mi  either  sidt?.  These  connnence  first  to  ossify  in  the  u[)per  cervical  region 
«i  extend  rapi«lly  downwanls  throughout  the  colunm.  They  first  aj»j)ear  near  lln-  bases 
1^  The  *ujH?ri«>r  articular  processes,  and  extend  backwards  into  the  himiuie,  i)Utwards  into 
tli«- tnu  IS  verse  prrK-Vsses,  and  forwanls  into  the  [)edicles.  Tlies(;  hitter  projt»ct  anteriorly, 
ud  funn  a  e«»nsidenible  portion  of  the  postero-liiteral  asj)ects  of  the  body,  from  which, 
li"»vvir.  they  are  separated  by  a  c^irtila^inous  strij)— the  neuro-centnd  synchondrosis — 
»ijich'l!»'s  not  entirely  rlisiip])ear  until  alM>ut  the  tifth  i»r  sixtli  year,  it  is  important  in 
-'>:♦.■  tli: I :  in  the  thr»raci«.*  region  the  costal  facets  lie  behind  the  neun>-central  synclu)udrosis, 
i'j-i  are  tiiere fore  lx)nie  on  the  lateral  as|>ects  nf  the  ])edicl«vs.  Fusion  of  the  lanniue  in  the 
t'^bl  jiiane  behind  l>egins,  after  birth,  in  the  hniibar  re»rion  and  extends  upwards,  so 
'■■  i*  l»y  the  fifteenth  month  or  thereabouts  the  arches  in  the  ct»rvical  region  are  com- 
■ia*."!  U-hind.  In  the  sacral  region  ossification  is  slower,  the  spinal  canal  not  bein^ 
•'r^lMs<...J  till  the  seventh  to  the  tenth  year.  The  spinous  processes  are  cart ila^zinous  at 
•»rli,  liiit  these  lx?come  ossified  by  the  extension  into  them  of  the  bony  laminjc. 

At  jmWrty  certjiin  secondary  centres  or  epiphyses  make  their  apixarance  ;  these  are 
^^-  in  iiinid»cr.  One  caps  the  summit  of  the  sj)inous  proc<'ss,  ex(;ept  in  the  cervic;il 
r'--:r'»u.  A  single  epiphysis  on  either  side  a[)peai's  at  the  e\tremity  of  the  transverse 
i'r*-.-ess,  and  in  the  thoracic  region  aiisists  in  forming  the  articular  surface  for  the  tubercle 
■'*  ■ii*:  ril).     Two  cpi])hysial  ]ilates  are  formed — one  fnr  the  u[)j)er,  and   the  second  for  the 
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lower  surface  of  the  body,  including  also  that  f>art  which  lies  behind  the  neuro-a 
synchondrosis  and  formed  by  the  pedicle  ;  from  these  the  thickened  circumference  of 
upper  and  lower  aspects  of  the  body  are  derived.  Fusion  of  these  centres  with  tlM 
of  the  bone  is  not  complete  till  the  twenty-fifth  year. 

In  the  cervical  region  independent  centres  are  described  as  occurring  in  the  ant 
roots  of  the  transverse  processes  of  the  sixth  and  seventh  vertebra).  These  corre8|KM 
the  costal  element,  and  may  occasionally  persist  in  the  form  of  cervical  ribs.  Elsei 
they  are  formed  by  latend  extensions  from  the  pedicle. 

In  the  lumbar  regibn  the  transverse  process  of  the  first  lumbar  vertebra  is  occaaio 
associated  with  an  independent  costal  centre,  which  may  blend  with  it,  or  persist 


Fk;.  71. — Ossification  ok  Veutebh.k. 


Cervical  rertehra. 


1.  ('eiitre  for  body. 

2.  SujMirior  epiphysial  plate. 

3.  Anterior  bar  of  transverse  process  developed  by 

lateral  extension  from  ]>edicle. 

4.  Neuro-central  synchondrosis. 

5.  Inferior  epiphysial  plate. 

Lumbar  vertebra. 

6.  Body. 

7.  Superior  epii>hysial  plate. 

8.  Epiphysis  for  niaramillary  process. 

9.  Epijjhysis  for  transverse  process. 

10.  Epiphysis  for  spine. 

11.  Neuro-central  synchondrosis. 

12.  Inferior  epiphysial  plate. 

Di/rsal  rtrtel/ra. 

13.  Centre  for  body. 

1 1.  Superior  ei>iphysial  plate,  appears  about  pulxTty  ; 
unites  at  25th  year. 

15.  Neuro-central  synchondrosis  does  not  ossify  till 

/)th  or  6th  year. 

16.  Appi'ai-s  at  puberty  ;  unites  at  2r)th  year. 

17.  Appears  at  puberty  ;  unites  at  25th  year. 

18.  Ap|)ears  alK)ut  6th  week. 

Axis. 

19.  Centri"   for  transverse   process  and  neural  arch  ; 

api>ears  about  8th  week. 


20.  Synchondroses  close  about  3rd  year. 

21.  Centre  for  summit  of  odontoid  pro<.^eAs  ;  9\ 

3nl  to  5th  year,  fuses  8th  to  12th  year. 

22.  Appears  about  5th  or  6th  month  :  uiiitctf 
opposite  side  7th  to  8th  month. 

23.  Synchondrosis  closes  from  4th  to  6th  ytaur. 

24.  Inferior  epiphysial  plate  ;  appears  about  po 
unites  about  25th  year. 

25.  Single  or  double  centre  for  liody  ;  appeani 

5th  month. 

AtUia. 

26.  Posterior  arch  and  lateral  masses  developed 
a  single  centre  on  either  side,  which  a] 
about  7th  week. 

27.  Anterior  arch  and  i>ortion  of  superior  art 
surface  developed  from  single  or  double  c 
appearing  during  Ist  year. 

Dorsal  vertebra. 

28.  Epiphysis  for  transverse  process  ;  appears 

puberty,  unites  uliout  25th  year. 

29.  Epiphysis  appears  about  puberty;  unites 

25th  or  27th  year. 

30.  Centre  for  neural  arch  on  either  side ;  aj 
about  6th  or  7th  week,  the  laminae  unite 
lurth  to  15th  month. 

31.  Centre  for  Ijody  ;  appears  about  6th  week, 

with  neural  arch  from  5th  to  6th  vear. 


lumbar  rib.  The  mammillary  processes  are  derived  from  separate  epiphyses.  The  n( 
arch  of  the  fifth  lumbar  vertebra  is  occasionally  devel()j)ed  from  two  centres  on  either 
fis  is  demonstrated  by  the  fact  that  the  arch  is  sometimes  divided  by  a  synchoudr 
joint  running  obliquely  across  between  the  superior  and  inferior  articular  procesae 
either  side.  (See  ante,  p.  83  ;  also  Fortschriffe  aiif  deni  Oehiete  der  Rontgerutra 
Ergiinzungsheft  i. ;  "die  Entwickelung  des  meuschlichen  Knochengeriistes  wiihrend 
fotiilen  Lebens,"  von  Uimbertz.) 

Atlas.  -The  lateral  masses  and  posterior  arch  are  developed  from  two  centres — oi 
either  side  —which  correspond  with  the  centres  from  which  the  neuml  arches  of  the  c 
members  of  the  series  are  developed.  These  make  their  appearance  about  the  sev 
week,  and  do  not  unite  posteriorly  till  after  the  third  year.  Their  point  of  uuic 
sometimes  preceded  by  the  formation  of  a  distinct  spinal  nucleus  (Quain).     The  ant 


OSSIFICATION  OF  THE  VERTEBRA. 


93 


Bveloped  from  centres  variously  described  as  single  or  double,  which  appear  in 
le  hypochonlal  arches  of  cartilage  described  by  Froriep  (Arch,  f,  Aiuit,  u. 
AnaL  Ahth,  1886)  which  here  persists.  In  this  cartilage  ossification  commences 
le  first  year  of  life.  Union  with  the  lateral  masses  is  delayed  till  six  or  eight 
?r  birth.  The  external  extremities  of  the  anterior  arch  assist  in  forming  the 
of  the  superior  articular  processes. 

. — The  axis  ossifies  from  five  primitive  centres.  Of  these,  two — one  on  either  side 
about  tlie  seventh  week,  and  form  the  articular  and  transverse  processes,  together 
lamina}  and  spine.  One,  or  it  may  be  two,  nuclei  appear  in  the  lower  part  of  the 
Lit  the  fifth  month.  The  upper  part  of  the  body,  including  a  small  part  of  the 
irticular  process,  and  the  base  of  the  txlontoid  pnxiess,  are  developed  from  two 
placed  nuclei  which  appear  shortly  after,  and  fuse  together  at  the  seventh  or 
outh,  80  that  at  birth  the  bone  consists  of  four  pieces.  Fusion  between  these 
es  place  in  the  following  oixler : — The  odontoid  luiites  with  the  body  and  lateral 
lit  the  third  or  fourth  year ;  union  between  the  two  lateral  portions  posteriorly 
Kxiy  and  lateral  parts  in  front,  is  complete  at  from  four  to  six  years. 
mmrnit  of  the  o<lontoid  process  is  develoi)ed  from  a  separate  centre,  occasionally 
.hieh  appears  fnmi  the  thinl  to  the  fifth  year,  and  fuses  with  the  rest  of  the  bone 
eighth  to  the  twelfth  year.  About  puberty  an  annular  epiphysis  is  developed  on 
r  surface  of  the  Inxiy,  with  wliich  it  is  completely  united  during  the  twentieth  to 
ty-fifth  year.  Some  authorities  state  that  a  few  granules  between  the  base  of  the 
and  the  upper  surface  of  the  b(xly  represent  the  superior  epiphysial  plate  ;  but 
Ixjtween  the  cxloutoid  and  the  body  occurs  V)efore  the  time  for  the  appearance  of 
roudary  epiphysial  plates,  this  can  hardly  be  regarded  as  correct.  The  line  of 
the  odontoid  with  the  body  is  defined  by  a  small  disc  of  cartilage  which  persists 
le  substance  of  the  l>one  till  an  advanced  period  of  life. 

ir  of  epiphyses  placed  over  the  tubercles  of  the  spine,  if  not  always  present,  are 
Tequent. 

lim. — Each  of  the  sacral  segments  is  ossified  from  three  centres :  one  for  the 
d  two  for  the  neural  arch — that  for  the  body,  which  makes  its  appearance  in  the 
■ee  sacral  vertebne 
le  end  of  the  third 
ibout  the  fifth  to  the 
uouth  for  the  last 
lents.  Fnmi  the  two 
or  the  neunil  arches, 
ake  their  appeanineo 
c  fifth  or  sixth  month 
ligher  sogment.s,  the 
articular  pn)cesse8, 
]K)sterior  half  of 
on   either  side  are 

i\.  The  spinal  canal  is  not  enclosed  till  the  seventh  to  the  tenth  year,  the 
usually  failing  to  meet  in  the  lowest  segment,  and  occasionally,  to  a  greater  or 
•nt,  in'  some  of  the  higher  segments.  The  anterior  part  of  the  lateral  masses  is 
d  from  sejKinite  centres  which  represent  the  costal  elements  (Ciegenbauer).  These 
bout  the  sixth  t^)  the  eighth  month,  and  may  develop  in  relation  to  the  upper 
ral  segments  ;  more  usually  they  are  met  with  in  connexion  with  the  first  three, 
.♦ptionally  they  may  be  found  only  in  the  u])per  two.  It  is  l>y  fusion  of  these 
•  |>0!5terior  arches  that  the  lateral  masses  which  supix)rt  the  innominate  bones 
ed.  The  costal  elements  fuse  about  the  second  to  the  tifth  year  with  the  neural 
)rior  to  their  union  with  the  centra  ;  and  the  segments  of  the  lateral  masses  imite 
•h  other  siM)ner  than  the  union  of  the  bodies  is  etlected.  The  latter  only  takes 
ter  ])uberty  by  the  fusion  of  the  e[)iphysial  plates,  a  pair  of  which  make  their 
ice  between  the  centra  of  each  segment.  'I'lie  lower  segments  begin  to  unite 
al)out  the  eifrhteenth  year,  but  fusion  between  the  tii*st  and  second  siicral  verte- 
>t  completed  till  the  twenty-fifth  year  or  after.  In  addition  to  the  foregoing,  two 
•ous  lamina'  are  develo])ed  in  the  cartila^re  covering  the  outer  surface  of  the  alar 
The  upper  of  these  oversprea<ls  the  auricular  surface,  whilst  the  lower  forms  the 
l;:e  >>elow.  The  extremities  of  the  uj)per  spinous  j)roeesses  are  occasionally 
d  from  inde[)endent  epiphyses.  On  making  a  mesial  section  of  an  adult  bone 
•itence  of  the  intervertebral  discs  between  the  centra  is  indicated  by  a  series  of 
ties. 


Fio. 
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t.ti.  Cfutri's  for  iMxlies  ;  hJt.  Epiphysial 
vi^dcs  Oil  bodies  ;  cc.  Ceiitres  for  eo.stal 
Uriients  ;  tf.ti.  C'entres  for  neural  arches  ; 
.r.   Lateral  ejiiphyses. 
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Coccyg'eal  Vertebrae- —'I'li^^>'  iir«'  c-irtil.iL'iunu-*  ut  binh.     K-u-h  has  a  h 

•  ••Mitrt' :  tin-  i'n>r.  ;i|i|m'.i!>  fr«»iii  tin.*  tir>»  l'»  tlif  I'ourtli   vi-ar,  tlif  >i'C<»iid  fnnii  I  hi*  a 
tin.-  tenth  vi-.ir.  rln-  Tliinl  aipl  fniinh  xiruunt^  at  nr  alMnit  ])ul«*rtv.      Sfcmnlarr  ( 
lor  tin-  f-'»rfy.r».'al  runniii  aii'i  oi>i|»li}>ial   j»lato>  h*r  tin-  b«.Mlii.'S  are  also  desfrilK-d. 
of  tli»-  varioii>  H;.riin.Mits  li»j;iin>  ImIow  :iiiil   |»rncrr«i>  upwartls,  but  is  linbb'  to  j;rc 
vidiial  variation.      In  ;i'lvancc*l  lihr  the  o»crv\  is  often  o>.sitied  t«»  the  s.'icriitn. 


■i 


k " 


a 


SKIUAL  HOMOr/MJIKS  OF  THK  VKRTEHK.f:. 

It  i- a  -t-ll-i-vi'lfiit  fa«t  tii;tt  thf  v«-!ti'lnal  ruliwiiii  ii  insist.-*  i»f  a  iiuiiiUt  nf  >»-.i:iii»-iit>  i 
br.i-  all  ]M».--«--iiJi:  "ttuv  <li.ua'.i»r'  in  riiiuii»"n.  'I'ln-r  vi  rii-l»r;i:iii>r^Miifnt>  uii'l*Tgoiii««li 
:iii.,iijiiiif  \,,  ill.-  ii«i:inii  iln-y  i#i(:ujiy  aM'l  tin-  lini' ti«»ii-.  th«-y  an-  <anf«l  uiH»n  to  HMTr. 
lli»-ir  fiiii-jMini|.  11- .•  ;iiiil  i'li'iitiiy  i-  th«'j«-l.y  .ib-inri-»I.  TImmv  i>  im  «iittii-iiiTy  in  ri-ef^igiii 
li'iiiio|«.;:y  ill  lip-  IlkIIi--  ;iii«I  nruial  ari]i«->  tljri»u.i:li'»ut  tln'  ruliimii.  Atrnniiii^  l 
aiiat'iMii-i-i  thf  ui-ural  anii  i-  tin-  ni'-n-  ]>riiiiiiiv«-  ili-iniMil  in  tin-  t'irnialii»n  nf  a  wrtfliR 
otli«-i>  ]io|fi  that  tin-  n-ntra  an-  tin-  tnun^lalJMn  of  tin-  ri»luiiin.  IV  that  a-^  it  may,  uv  timi 
l]j«-  ]ji;;h«T  vt-iti-lirat*-,  al  l«-ar-t,  tin-  iM-lir.*  ;in-  tin-  jiari-  w  hi«h  njn*t  j»T>iM.  Thrv  are,  1 
.-uhji-«t  t«»  niii^liliiafinn-  'h-jK-n^irnt  <iii  tlitir  l"u-i«»n  witlj  tim-  annrht-r.  Thi>  iM-mrs  in  the 
fiarl  m|"  tli«' I'ilunin  whi-n- iln- rriitiinji  of  thi-  tir>l  i»iviial  <»r  atla.-  Vfrti"l»ra  ha>  tor  fii 
r.-a-i.n-  U-.-niui-  Ium-iI  with  tin-  Unly  i>i'  tin-  m-<«hiiI  uraxi-  v«'rtt-bra  In  t'orni  thu  <Klonti>id 
of  that  -«"j(nh'nt.  F'»r  -iniilar  ri-a-oii-,  ami  in  a.--'H.iatiun  with  tht-  nnion  of  tlie  fsMl 
hin'l-linili  with  tin*  'olurnn.  tin-  lnHlir.-.  nltlii'  vritiliia-  whii.h  iorri.sjM»nil  to  the  saml 
biToiiif  lu-i-«|  t«i^'rthi'r  to  t'nnii  a  -I'li'I  nia--.  In  tin-  ti-rminal  ]>oftinn  of  tin*  rau'hi 
tin:  rrntra  aionr  rfjm-i-ut  thi-  v«'itilMal  >»'^nM-nl-. 

-■\>  ri';,'api-  tin*  n«'Mial  anli,  tlii>  in  man  Ih-i  "nM-ih-tiiirnt  in  th«'  Jowt-r  suTal  ii*^ion,  an 
alt'»;:«-thiT  in  thf  hjwiT  i:tHry'^*-;\]  .-..•;:iiii-n!.-.     Thi-  -]iin"-n-  j»r.i.i-*«->  an*  ah>«-nt  in  tin.-  i-;u' 

tir-l  •frviral,  hiwt-r -"n  lal,  ami  all  tin- ■<y-i-al   viitrl'ia-,  an-l  «li>jilaY  rharu-tirifti'-  di 

in  ih«'  '■••r\i«al.  ihiijai.ii-.  anil  lnnii*.ii  n-ni^n-,  whiih  liav».-  l»;i-n  alrt-a'ly  »lr.Mrihi-'l.  Tin*  i 
jtinir— !•*  /vL'ajiMjihy-i-  an-  >«"irinrl;iiy  •l«\-.liijimi'ht>.  an«l  <li-|'lay  sirn-at  "livn^ity  of  torn 
niin»-'l  I'.x  ilii-ir  luii'  tii.nal  ri-'jiiln-nii-nl-.  It  i-  ii'-i.-\\..Mhy  that,  in  tin-  'asi-  nf  the  nj 
rr\i<al  M-M-liia-.  tlii\  an-  -'•  «li-in'.-«'il  a-  in  lii-  iii  tri-n!  nf  ilu-  t'«»iani!na  *>\'  fxit  of  lli 
tw'u  «]iiiial  hii\<-,  anil   I'V  thi-  aiianui-nn'nt  tiic  w  -luht   «'t'  fli*'  In-aii  is  ti-an.-^initti-<l  In  t 

colnnm    Ion I    1»\    tlii-   vrii.lir.il   li<iili.->,  and   h'-i   i>\i  \'i  tin-  -crif-  i.f  nt-unil  anhi's. 

n-;:apl  to  iln- In -iii" <!•«;:>  •-!  ilif  trati.-vi-i-«'  |M«'"«-.-t-.  -.,  i.illr«l,  that  nuM  «litlirnlty  ari«i*->. 
thoivirji-  rr;.'i«'n  ilpv<;iii  Ih-1  III-  -iiiili«'<l  in  ili»-ir  -inijili-t  Innn  :  iii'M- tin- ii])>  -whii-h  (ir^ 
rr;.'ari|>  a-  a  'litlfiiMiliaii'in  hoin  tin-  intfrinr  nr  liaMu.il  airhc*.,  in  i»|»]Mi>itinu  to  tin-  vifW  a 
by  ntluT.'  that  llM-yaifa  .-i-cniiilary 'livt'lnjuntni  tpnii  thi-  tiliruu-  intrrnniscniar  st'])la — ai 
with  tin*  tian-\«M-i-  ]u-«i«f.-.-.i--  and  ImkU*-.-  rif  tin*  tlifnarir  \-.-rtcliia'  thr«Mi«;li  the  ap'iio 
tulM-nular  iliaiMijiliv-i^  an'l  rajiiiulai-  iiaraii"|»]iy-i-  jirMn-.-si".  ri".-|HM"tivi'ly,  tlif  lattt 
|»la«'fd,  .-tri«'tl_\  -|M-akiiit,'.  on  tin-  niinal  ai«h  iH-hind  tin-  lim-  i»l"  tlj»-  ni'Un)-tvntral  synrhoi 

An  intt-rval  i-  tliii-  li-t't  bitwn-n  tin-  n«-'k  nf  tin-  rih  and  ihr  tVnnt  *>{'  th«-  tran>vi'!->*' 
thi-  fMrni-  an  arii-rial  |ia— aL."- w  hith  rttnr-jinnds  In  tin-  virt«'l'rartri-ial  i*anal  in  the  tr 
jipiif>-i- lit  til'-  ii-i\iial  M-ii.l'ia',  tli»*  anli-ri'ir  har  nf  whi«-h  i>  lhini«ili»i:on>  with  tin*  h 
tnU-nli- nf  tin- ilmiMi  ir  lih,  whiUi  tli«*  ]in>ti-i-inr  jkiiI  li»>  in  .-«'rii'««  with  tin*  thnrarir  tr 
jirfH-i-.--.  Thi"M-  li«.ninli.-i.-  .M"-  fuiihrr  i'ni]ilia>i>*-il  bv  tin-  fa«T  that  in  tin- i-a-**- nf  tin* 
L-rivi«al  \i*iti-l>ra  tin-  anti-iinr-  linih  "\'  tin-  >n-(all«-d  lian^-vri-'-  jn«n'i— *  i«.  deVidojuil 
intl'-j'i-ndciil  n— ill.-  ii-ntif,  whiih  nn  .i-inually  ]uM>i-l-  in  an  indi-jti-ndrnt  fnrni  as  a  rervi«: 

In    tin-    iunilMi    ii-;,'inn    tin*   i'Xt«Tnal  m  lran«-v»T.M*  |iri is  M*rially   honioh)r^iu>  v 

th.iraiir  ril.-,  ihnn;r]i  hi-n*,  n\\  in;,'  In  tin*  r<ialfS«'tMirr  n|"  tin*  miiii^riK^ii-  jwiHs,  theiv  is  Uo 
r|i;iiiiii-l    liitwri-n   tin*   rjli  rlrnniii   and   tin-   trui*  trans\ri>r  |»rnr»'.-.s,  w'hich  is  iv.prfs^-nle*! 

a<« "HA    ]irn.i-H-    anajtn|»liy-i-,,   ]tla«.-d    jMi-i»'ri«»rI\    ai    tin*    innl    «»f   the    so-i-alh-d   tr 

ju-.i'i-- 'if  human  anatnmy.  SupjHiii  j-  ^'i\rn  in  thi-  vi.-w  )iv  tin-  i)rvM'nei*  of  a  diMiii 
»'N'ni''iil  m  rniiiii'\inii  with  tin-  lran>v«'r-t-  pmro.^  dI  tin-  tii-<i  linid»ar  v»'rtrl»ra,  whioh  j 
fjir  I  In-  nrta-i'inMl  fniiMMtinn  nf  ;i  .-.ii|ii-i-numi-riir\  ril»  in  thi-  ii-Lrinii.  Tin-  I'asrs  of  foramin 
tran>\'r>i- I'll"  i--«- nt  tin-  iiniili.ii'  vi-ri'lii;i-    -n-  p.  ^'.i   ar<- al-i*  imti-wnrthy  <'i- sn]>)iortin^' tl 

In  tlh-  .-a<MMn   llir   lati-ial   ma->  nl   tin-   bnn»'  i-   ni.idi-   up  nf  i-<»mliiiii'd  tranMvrnf  an 
rli'iin-n:.-,   with   niily   Miy  t'\iijiliniiall\    .m   ini«  rvi-ninir  ail«-iial  rhannt-l   X'r  ]».   W; . 
ia-«'    "f  tin-  uji)M'i     ijin-i-    -a'lal    ~ri.'ni«iil-    ihf  rn>iiil    »d»'ni»'nl.-  aii-   laii^tly  dfvehijied,  ; 
-uppniiin^'   ilii-   ih.i.  and  aif<.d|.-d   tin-   li  in- -a«ral   \rriil»r.c  :  whil>i   tli«-   li»w"t'r  saeral  m 
which  ail-  n"i  in  I'Miia'i  with  iln-  ilia,  ai*-  i»drri'«'d  tn  .i-;  th*-  p-»'ud<»-ja'ial  vrrti*l»r;i'. 

'I'hf  .inl'i  ini  ;ii-.li  I.f  tin-  .iil.i-  \rrl"-l'ra  i-,  a<-.  .ii.lnii^  t"  Finii.|i,  d»-\vl'»in-d  fiimiahy]* 
-lri]i  ••(  <;irtila_:f    hy; h-irdal  -jiali.i:i- . 

TMK  STKIIMM. 

'I'ln;  Sternum  nr  breast  bone  (Kein)i<'s  tin-  middh*  of  tla*  \i\>\^'y  jwirt. 
iborac.ii*  wall  ant«'riorly.  It  is  cninnMir*!  laterally  with  lb<' eartilages  of  ll 
seven  ribs,  ami  sn]))M>rls,  suiM^riorly.  the  ehi\  i(  h-s.  Ii  (•oiisists  of  three  ])arts, 
lespeetiv.dy  ilm  manubrium  or  presternum;  the  body  Vtiqnis  stiTiii),  gladi 
mesostemum;  iiiid  the  ensiform  or  xiphoid  cartilage  . iiroeessus  Ni{dn.>i(leu8) 
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Interclavicular  notch 


I.  liib 


tL  Rib<»Fti)4g« 


III.  Hibe«ttU«gct 


nram.  Of  these  the  Inxly  is  formed  by  tlie  fusion  iu  early  life  of  four 
ts  or  stemebra?. 

manabrilim,  usually  separate  throughout  life  from  tlie  rest  of  tlie  boue, 

occasionally  fused  with  it,  is  of  a  flattened  triangular  form.     TUe  anterior 

slightly  saddle-shaped,  affords  attachment  to  the  fibres  of  the  ]wctoralis 
nd  St eruo- mastoid  muscles.     It  is  bounded  above  by  a  thick  border,  the  lateral 

which  are  hollowed  out  obliquely 

the  tiicets  (incisurie  claviculares) 
sternal  ends  of  the  clavicles; 
the  facets,  which  have  an  upward, 
L  and  slightly  backwanl  direction, 
le  is  faintly  lipj^d.  In  the  in-  (►ar _.i 
»etween  these  two  facets  there  is  ^"*^''' 

noti-h  (incisura  jugularis)  which 
le  flcx)r  of  the  characteristic  hollow 
the  root  of  the  uec^,k  anteriorly—  Maotibriani' 
rasterual  notch,  or  pit  of  the  neck, 
tenil  borders  are  exc;ivated  im- 
?ly  beluw  the  clavicular  facets  for 
:-eption  of  the  cartilages  of  the 
»s.  r»elow  this,  the  margin  of  the 
opes  inwards,  and  is  sharp,  except 
ly,  where  it  presents  a  facet  which 
Ls  a  part  of  tlie  second  costal 
;e.  An^und  this  the  l)one  is  usually 

anteriorly.  The  upj)er  angles 
iind  to  the  ridge  sejKirating  tlie 
lar   facet^^    from   the   Hrst  costal 

whilst  the  lower  angle,  whicli 
B  regardeil  as  cut  across  trans- 
.  forms  the  surface  which  is  united 
:ilage  to  the  iKKly  of  the  sternum,  iv  itibcaitibgB^ 
teriijr  edge  of  this  surface  is  usually 
lent.  The  posterior  asjiK^et  of  the 
rium  is  smoother  than  the  anterior, 
ved  by  iiumt-rous  foramina,  and 
litly  concave  from  side  to  side  and 

«lownwan.ls.  Here  are  attached 
A  the  fibres  of  tlie  sterno-hyoid 
tTUo-ihyroid  musc-les. 

e    body    (corpus   steriii),    usually  ^'^  ^*''^^''"^^^''^"^' 
the  length  and  from  half  to  two- 
the  width  of  the  manubrium,  dis- 
t'vidence  of  its  comiKwite  nature. 

ftnferinr  snrjncf,  which  is  slightly 
(from  above  down\vards,an<l  faintly 
.'e  from  side  to  side,  l:>e  c^irel'ully 
nt^l,  three  ill-marked  ridges  may  be 
rousing  it  transversely:  these  cor- 
id  to  the  lint^s  (»f  fusion  betwcni  the 
jriniilive  stigments.  To  this  surljici*  i))L  ihc  ]>oni'  tlu^  ^reat  iMTtoral  muscK'S 
l^-usively  attached  nn  either  sidt*  n{  tiu;  iiiiddK*  line.     The  Interal  hfinfcrs  are 

and  interru])l<'d  at  points  f.orreH|M)n(ling  to  the  Iransverst?  lines  aln^ulv 
"lied  i>y  U-shaped  hollows,  the  edges  (»f  whith  are  more  or  less  pi'ojecting. 

are  for  tlie  reception  of  the  cartilages  of  the  third,  tourtii,  and  fifth  ri]>s. 
'Pjrr  horthr  is  united  to  the  manubrium  above,  and  forms  with  it  an  angle 
•iable  degree— the  sternal  angle  (angulus  sterni).  A  small  facet  is  formed'at 
viiense  of  the  outer  extremity  of  this  ])order,  and  in  conjunction  with  the 
on  the  lower  e<lge  of  the  inanuhrium  forms  a  recess  on  either  side,  in  line  with 


V,  Rib  cartflu^ 


VI  r  Itilivurma^* 


BTitflfbrm  pmcfw '  — 


Fk;.  7M.   -Tmk  Steiim'M  (anti"rif)r  view). 
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till*  Jinj^'le,  iulo  which  the  cartilage  of  the  sc'cond  rib  fits.     The  lower  border  of        i 
bcxly  ifl  curved,  and  is  iiuitod  in  the  middle  line  with  tlie  xii)hoid  cartilage,  whih^b 
eithiT  side  it  is  |»itted  to  receive  the  cartilages  of  the  sixth  and  seventh  ribs, 
liitter  being  in  part  supported  l)y  the  xiphoid  cartilage.     The  middle  line  of  the  1 
of  the  sternum  anteriorly  corresponds  to  the  floor  of  the  me»,dian  surface  furrow,  wlui 
runs  down  the  front  of  the  chest  in  the  interval  between  the  two  great  pecta^i 
muscles     The  pusterior  surface  is  slightly  conciive  from  a]x)ve  downwards, 
disphiys  fciint  indications  of  three  transverse  lines  in  corresi^ondeuce  wuth 
placed  anteriorly.     It  is  in  relation  with  the  pleura  and  i)ericardium,  and  aj 
attiichment  at  its  lower  extremity  to  the  triangularis  sterni  muscle. 

The  xiphi-stemum  (processus  xiphoideus)  displays  many  varieties  of  form 
structure,     it  is  a  pointed  process  <.)f  cartilage,  supported  by  a  core  of  Ijone 
nected  above  \Vith  tlie  lower  end  of  the  body  of  the  sternum,  and  having  its  1 
extremity,  t<>  which  the  linea  alba  is  attached,  free.     It  lies  somewhat  ix)sterior 
the  plane  of  the  anterior  surface  of  the  manul»rium,  and  fonns  a  Hoor  to  the 
shaj)ed  interval  between  the  (rartilages  of  the  seventh  ril)s.     In  this  way  a  depi 
is  formed,  the  surface  hollow  in  (rorrespondence  with  which  is  called  the  pit  of 
stomach  or  infrastemal  depression.     To  the  sides  of  this  i)rocess  are  atUiched 
aponeuroses  of  the  aljdominal  muscles,  whilst  posteriorly  the  fibres  of  the  diaphi 
and  triangularis   sterni    muscles   derive   attachment    from  it.     It  remains 
cartilaginous  until  middle  life,  at  which  time  it  generally  undergoes  ossifical 
particularly  at  its  u])i>er  pirt,  which    becomes  fused  with   the  body.     Of  vi 
form,  it  may  ]>e  met  with  of  s])atula-shai)e,  bifid,  circular,  ])ierced  in  the  centre, 
twisted  and  dcHecte<l  t<.>  one  or  other  side,  or  turned  forward. 

The  sternum  as  a  whole  is  l»roadest  above  where  th(»  first  rib  ciirrilages 
attaclied.     It  becomes  narrow  o])posite  the  w^^cond  rib  cartilages,  but  again  ex; 
until   the  level   of  the   fifth   ril;  cartilage  is  reached,  below  which   it   is  rapi( 
reduced  in  width  and  ends  Indow  in  the  pointed  xi]»hoid  cartilage.     Its  j)osition 
the  ImkIv  is  oblifjue  from  above  downwards  and  forwards;  its  axis,  if  proloi 

upwards,    would     touch 
column  opposite  the  third  i 
fourth    cervical    vertebra^ 
Though  lialde  to  changes  aq 
position  by  the  rising  and  fidt  ^ 
ing  of  the  chest  wall,  its  ujqpflT  ' 
extremity  corr(»R]KindH  to  thl^= 
level  of    the  lower    Inirder  ot^ 
the    second    dorsal    vertebUi . 
whilst  the  lower  end  of  the 
xi])hoid  ciirtilage  usually  faUl 
in  line  with  the  disc  between 
the  tenth  and  eleventh  doniL 
vertebra?. 

In  M'uiiieu  the  ^ttuiiuin  is  umillfy 
nari'ower  and  Hhorter  than  iu  men, 
and  its  ixjsition  lei«  oblique 

Arcnitecture.-  It  conBists  d 
l;ug<'-(?ellHl  spong}-  bone,  which  n 
liigldy  vascular,  and  is  contaimd 
1)0 1 ween  two  Livui-k  of  thin  compact 
tissue. 


At  l-irtli. 
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At  '3  yr;irs. 
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Fi<;.  74. 
Ill  thi>  lij^ijic  the  Mn'oml  u^  \\v\\  ms  tin-  tliinl  i)e;;iiu-iit  of  tlic  b«Mly 

Ossification.  —  The    carti- 

laguiouK  sternum,  developed 
from  the  fusion  mcsially  of  two 
cartilaginous  bands  uniting  the 
anterior  extremities  of  the  carti- 
lages of  the  lii*st  eight  ribs,  iiccording  to  the  researches  of  Kuge  and  more  recently  of 
Kggeling,  bojrins  to  ossify  about  the  sixth  month  of  fo'tal  life.  Al)out  this  time  a  single 
centre  appears  in  the  manubrium ;  at  birth  this  is  well  deveIoiH.*d.  Secondary  epiphyses  have 
been  described  in  connexion  with  the  clavicular  facets  ;  those  do  not  uuit^  with  the  rest  of 


1  Mn'oml  u^  \\A\  :i«!  tin-  tliinl  isefjriiu-iit  of  tlic 
jMi-srssis  two  centres. 

1.  Ai>iK.-ar>  .about  r»tli  •^►r  .•'ixtli  iiionth.  2.  AjijH-ar  al»ont  Tth 
iiioiitli  ;  unite  Imtii  20  m  2r».  3.  Appear  al«nit  Stli  or  ninth  niontli  ; 
Ml.  seL'imiit  uTiiti-s  with  II.  al'ciut  juil'i-ity  ;  l\'.  sugnuMil  unites 
with  HI.  ill  early  cliihlh(MMl.     4.   Api)oar>  al»i>ut  3r<l  year  or  lutBF. 
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arium  till  adult  life  is  reached.  The  body  formed  by  the  fusion  of  four  segments^ 
from  independent  centres,  either  single  or  double,  for  each  segment.  These 
!ie  highest  as  early  as  the  sixth  month  of  intrauterine  life — in  some  cases  even 
manubrium  has  begun  to  ossify  (Lambertz),  the  lowest  towards  the  end  of 
The  common  arrangement  met  with  at  birth  is  a  single  centre  for  the  first, 
^  centres  for  each  of  the  succeeding  segments.  Union  between  these  segments 
ler  irregularly,  and  is  liable  to  much  variation.  The  fourth  unites  with  the 
lent  in  early  childhood,  the  third  with  the  second  about  puberty,  whilst  the 
he  second  with  the  first  segment  may  not  be  complete  till  the  twentieth  or 
1  year. 

»hi-8temum  usually  ossifies  from  a  single  centre,  which  may  appear  as  early  as 
ear,  though  often  very  much  later.  The  xiphi-sternum  usually  unites  with  the 
;  forty  or  fifty,  and  in  exceptional  cases  osseous  union  between  the  body  and 
I  may  oc<;iir  in  advanced  life. 

ng  to  Paterson  the  presternum  is  developed  in  association  with  the  shoulder 
b^mes  only  secondarily  associated  with  the  ventrally  growing  ribs. 

ms. — The  sternum  is  liable  to  considerable  individual  variations  affecting  its  length 
JL  The  niajoritv  of  bones  are  asymmetrical,  displaying  irregularities  in  the  levels  of 
ar  faceta  The  higher  costal  facets  may  be  closer  together  on  one,  usually  the  right 
tie  other,  whilst  the  pre-niesostemal  joint  is  often  oblique,  sloping  somewhat  to  the 
>nlin^  to  Birmingham,  these  are  the  result  of  tlie  strain  thrown  on  the  shoulder  by 
her  directly  appliSd  or  through  the  pull  of  a  weight  carried  in  the  hand, 
lea  the  sternum  articulates  witli  eight  rib  cartilages  This  may  happen  on  one  or 
fmt  when  unilateral,  much  more  frequently  on  the  right  side — a  condition  by  some 
ith  right-handedness.  It  is,  however,  more  probably  a  persistence  of  the  primitive 
f  the  cartilaginous  sternum,  in  which  each  half  is  connected  with  the  anterior 
of  the  first  eight  costal  arches.  In  8^)me  rare  cases  only  six  pairs  of  ribs  articulate 
r  their  costal  cartilages  with  the  sternum.  Recently  Lickley  has  l)rought  forward 
show  that  the  seventh  rib  is  undergoing  regressive  changes.     {Anat.  Anz,  vol.  xxiv. 

ally  the  presternum  Hup|K)rts  the  first  three  ribs  ;  in  other  words,  the  manubrium 
i  the  hignest  segment  of  the  IkxIv.  Keith  has  pointetl  out  that  this  is  the  condition 
mly  met  with  in  the  gibbon,  anci  regards  its  occurrence  in  man  as  a  reversion  to  the 
.  As  far  as  is  at  present  known,  its  occurrence  seems  more  common  in  the  lower 
>ugh  errors  of  development  the  sternum  may  be  fissured  throughout,  due  to  failure 
the  cartilaginous  hemisterna.  The  two  ossified  halves  are  usually  widely  separated 
united  together  below  by  an  artlirmlial  joiut.  The  heart  and  pericardium  are  thus 
>y  the  Ixjne.  Occasionally  this  condition  is  associated  witli  ectopia  cordis,  under 
ms tan (;es  life  is  rendered  impossible.  Through  defects  in  ossification  the  mesostemum 
pced  by  a  hole,  usually  in  its  lower  i>art,  or  through  failure  of  fusion  of  the  lateral 
or  mont  of  the  segments*  of  the  body  may  be  divided  longitudinally. 
ally  small  ossicles  are  found  in  the  ligaments  of  the  stc;rno-clavicular  articulation, 
le  so-called  epistemal  l)ones,  the  morphological  significance  of  which,  however,  has 
n  satisfactorily  determined.  They  are  by  some  regarded  as  the  homologues  of  the 
?  or  epistemal  bone  of  monotremea 

THE   RIBS. 

bs  (costae)  of  which  there  are  twelve  pairs,  form  a  series  of  curved  osseous 
ich  support  the  thoracic  wall;  posteriorly  they  articulate  with  the 
r  dorsal  vertebne,  anteriorly  each  rib  is  x>rovided  with  a  costal  cartilage. 
leven  ribs  articulate  with  the  sternum  by  means  of  their  cartilages,  and 
i  the  true  (costae  vene)  or  vertebro-stemal  ribs.  The  lower  five  ribs  are 
iported,  and  are  described  as  the  false  ribs  (costie  spuriie).  Of  these  the 
inth,  and  tenth  are  united  by  their  cartilages  to  the  cartilaj^'e  of  the 
ib,  and  are  called  the  vertebro-chondral  ribs,  whilst  the  last  two  ribs  are 
3ir  anterior  extremities,  and  are  named  the  floating  or  vertebral  ribs. 
lical  rib  consists  of  a  head  (wipituhim  costie),  a  neck  (collum  costte),  a 
ruberculum  costae),  and  a  shaft  (corpus  costa'),  on  which,  near  its  posterior 
;  angle  (angulus  costae). 

aad,  placed  on  the  posterior  or  vertebral  end  of  the  bone,  is  somewhat 
Internally  its  articuhir  surface  is  wedge-shaped  and  divided  into  two 
upper  and  lower,  by  a  ridge  or  crest  (crista  capituli),  to  which  the  inter- 
ligament  is  attached.  Of  these  two  facets  the  lower  is  usually  the  larger, 
tilates  with  the  upper  facet  on  the  body  of  the  vertebra  in  numerical 
ience  with  it,  whilst  the  upper  facet  is  for  the  corre8^)onding  area  on  the 
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lower  part  of  the  body  of  the  vertebra  above.     The  head  is  supported  by  a 

or  less  constricted  bar  of  bone,  the  neck.     This  becomes  continuous  with  the 

externally,  at  which  point  there  is  a  well-marked  tubercle  on  its  posterior  si 

The  anterior  surface  of  the  neck  is  smootli ;  its  posterior  a8i>ect  is  rougli 

pierced  by  numerous 

small  holtjs  for  vessels. 

Here  is  attached  the 

middle    costo  -  trans  - 

verse  ligament.     Not 

uncommonly      the 

upper  border  of  the 

neck    is    lipped   and 

ridged     (crista    colli 

costae),   and    affords    attachment 

transverse  ligament. 

The  tubercle  consists  of  an  articular  and  a  non-articular 
part ;  the  former  is  internal  to  and  below  the  latter.  Its 
articular  surface,  of  rounded  or  oval  shape,  is  directed 
downwards,  backwards,  and  a  little  inwards,  and  rests  upon 
a  facet  on  the  transverse  process  of  the  vertebra  in  numerical 
correspondence  with  the  rib.  The  non-articular  part,  most 
prominent  in  the  upper  ribs,  has  the  fibras  of  the  posterior 
costo-transverse  ligament  attached  to  it.  It  is  usually 
separated  from  the  upper  l)order  of  tlie  neck  and  shaft 
by  a  groove,  in  wliicli  lies  the  external  branch  of  the  posterior 
division  of  the  thoracic  nerve. 

The  shaft  (corpus  costa:^)  is  thin,  flattened,  and  band- 
like. Its  length  varies  much ;  the  seventh  and  eighth, 
which  are  usually  the  longest,  are  from  two  and  a  half  to 
three  times  the  length  of  the  first  and  twelftli  ribs  respect- 
ively. The  shafts  are  curved  so  as  to  adapt  them  to  the 
form  of  the  thoracic  wall.  More  acute  in  the  upper  members 
of  the  series,  where  the  shafts  are  shorter,  the  curve  opens 
out  in  the  middle  and  lower  parts  of  the  thorax,  where 
the  diameters  of  that  cavity  are  greater.  The  curve, 
however,  is  not  uniform.  Including  the  whole  length  of 
the  bone,  it  will  be  seen  to  be  most  accentuated  towards  the 
hinder  part,  where,  in  correspondence  with  the  point  at 
which  the  bend  is  most  pronounced,  there  is  a  rough  ridge 
placed  obliquely  across  the  outer  surface  of  the  sliaft ;  this 
is  the  angle  (anguliis  costte).  The  distance  between  the 
angle  and  the  tubercle  is  greatest  on  the  eighth  rib ;  above 
that,  the  width  Ijetween  these  two  points  gradually  decreases 
until,  in  the  ciise  of  the  first  rib,  the  two  coincide.  Itelow 
the  level  of  the  eighth  rib  the  distance  slightly  diminishes 
in  conformity  with  the  general  narrowing  of  the  thorax 
])elow  that  level. 

Combined  with  this  curve,  there  is  in  many  of  the  ribs 
a  twist.  This  may  l>est  ]>e  understood  if  the  student  will 
tixke  a  strip  of  stiff  pajKjr  and  bend  it  in  the  form  of  the 
curve  of  the  rib.  If,  after  he  has  done  this,  he  pulls  down 
the  fore  end  and  turns  np  the  hind  end  of  the  strip,  he  will  have  imparted  U 
strip  of  pai)er  a  twist  similar  to  that  met  with  in  the  rib.  This  appoarac 
best  seen  in  tlie  middle  members  of  the  series,  notably  in  the  seventh  and  e: 
ribs,  above  and  below  which  it  gradually  becomes  loss  marked.  It  is  the  occur 
of  this  twist  which  prevents  the  extremities  of  the  ribs,  together  with  the  i 
from  resting  on  the  «ime  plane*  surface.  To  this  rule  there  are  certain  no 
exceptions,  viz.  the  first  and  second,  the  twelfth,  and  not  infrequently  the  elev 

The  shaft  has  two  surfaces,  an  internal  and  an  external,  and  two  bordc 
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Articular  part  of  tuberclo 
for  transverse  process  of 
vertebra 

Fig.  76.— Fi>th  Right  Kib  as  seen  from  Behind. 


r  and  an  inferior.     The  external  surface,  which  is  smooth,  conforms  to  the 
vertical  convexity  of  the  thorax,  being  directed  upwards  in  the  first  rib, 
.8   and    outwards    in 

T  •!  .  J      •  Facets  on  head 

her  riljs,  outwards  m  /\  Np<.k 

ddle  series,  and  out- 
and  slightly  down- 
in  the  tenth,  eleventh, 
^elfth.  The  internal 
s  are  arranged  con- 
and  are  covered  by 
-ietal  pleura.  Towards 
mal  end  of  the  middle 
rhere  the  downward 
A  moet  marked,  there 
1  an  oblique  line  across 
iter  surface.  This  is 
mes  referred  to  as  the  anterior  angle.  The  upper  border  of  the  shaft  is  thick 
unded  behind,  thinner  and  sharper  in  front ;  to  it  are  attached  the  fibres  of 
temal  and  external  intercostal  muscles.  The  lower  border  is  grooved  behind 
expense  of  the  inner  surface,  and  is  overhung  externally  by  a  sharp  margin. 
iorly  this  subcostal  groove  (sulcus  costalis)  fades  away,  and  its  lips  coalesce 

to  form  a  rounded  edge.  The  inter- 
costal vessels  and  nerve  are  lodged  in 
this  groove,  whilst  its  lips  afford  at- 
tachment to  the  external  and  internal 
intercostal  muscles  respectively.  On 
the  floor  of  the  groove  may  also  be  seen 
the  openings  of  the  canals  for  the 
transmission  of  the  nutrient  vessels, 
which  are  directed  towards  the  vertebral 
end  of  the  rib. 

The  anterior  or  sternal  extremity 
of  the  shaft,  often  slightly  enlarged, 
displays  an  elongated  oval  pit  into 
which  the  costal  cartilage  is  sunk. 

Peculiar  Ribs. — The  first,  second, 
tenth,  eleventh,  and  twelfth  ribs  all 
display  characters  by  which  they  can 
be  readily  recognised. 

The  first  rib  can  be  easily  distin- 
guished from  the  others  by  its  size, 
curvature,  and  flattened  form.  The 
head,  which  is  of  small  size,  has  a 
single  oval  or  circular  facet,  which  is 
directed  inwards  and  slightly  back- 
wards for  articulation  with  the  side 
of  the  body  of  the  first  thoracic  verte- 
bra. The  neck  is  flattened  from  above 
downwards,  and  is  sliglitly  down- turned 
towards  the  end  which  supports  the 
head.  Its  anterior  border  is  rounded 
mooth ;  its  posterior  edge  rough  for  the  attachment  of  ligaments.  At  the 
where  the  neck  joins  the  shaft  posteriorly,  a  prominent  tubercle  curves 
rds  and  l>ackwards.  The  inner  and  under  surface  of  this  process  has  a  small 
ar  facet  wliich  rests  on  a  corresponding  articular  surface  on  the  transverse 
«  of  the  first  thoracic  vertebra.  The  angle  coincides  with  the  tubercle,  and 
aaaiBts  in  emphasising  its  prominence.  The  surfaces  of  the  body  of  the  rib 
irected  upwards  and  downwards,  its  borders  inwards  and  outwards.  If  the 
be  run  along  the  thin  inner  border,  a  distinct  spine  or  tubercle  can  be  readily 
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felt  alx)ut  an  inch  or  an  inch  and  a  quarter  from  its  anterior  extremity.     Hi 
,  is  the  scalene  tubercle   (tuberculiim  scjileni)  for  the  attachment  of  the  scaleoi 

'.  anticus  muscle.     There  is  a  shallow,  oblique  groove  crossing  the  upper  surb 

*  of  the  shaft  in  front  of  this  for  the  lodginenL  of  the  sulxjlavian  vein  ;  whilst  behii 

I  the  tubercle  there  is  another  groove,  usually  belter  marked,  and  passing  obliqiul 

forwards  for  the  sulx.da\nan  artery  (sulcus  subclaviie).  The  space  on  the  upp 
surfjice  of  the  rib  between  this  latter  groove  and  the  tul)ercle  posteriorly  is  Bonn 
what  rough,  and  affords  attachment  to  the  fibres  of  the  scalenus  medius  muaol 
Tlie  anterior  extremity  of  the  rib  is  thickened  and  often  expiinded  for  the  receptk 
of  its  costal  cartilage,  which  is  not  infrequently  ossified.  The  under  surface  of  tl 
rib  is  smooth  and  is  covered  by  pleura.  The  outer  convex  border,  thin  in  fron 
is  usually  thick  and  rough  behind  the  subclavian  groove,  where  it  has  attached  i 
it  the  fibres  of  the  first  digitation  of  the  semitus  magnus.  Along  this  edge,  ab 
are  attached  the  external  and  internal  intercostal  muscles  of  the  first  interooflti 
space.  The  inner  concave  border  is  thin,  and  has  connected  with  it  the  aponeurofti 
expansion  known  as  Sibson's  fascia. 
I  The  second  rib  may  te  distinguished  by  the  size  of  its  curve ;  the  absence  i 

any  twist  on  its  shaft,  so  that  it  can  be  laid  flat  on  the  table ;  the  oblique  directao 
of  the  surfficos  of  its  shaft,  the  outer  being  directed  upwards  and  outwards,  whill 
the  inner  is  turned  downwards  and  inwards ;  and  the  presence  of  a  well-markei 

I  rough,  oval  area  about  the  middle  of  its  outer  surface  and  lower  lx)i'der  for  pa 

of  the  first,  and  the  whole  of  the  second  digitati(»n  of  the  serratus  nuignus  musdi 
The  head  has  two  facets,  and  the  angle  is  close  to  the  tubercle  posteriorly. 

The  tenth  rib  has  usually  only  a  single  articular  facet  on  the  head,  and  may « 
may  not  have  a  facet  on  the  tubercle. 

The  eleventh  and  twelfth  ribs  are  recognised  by  their  length.     Their  bead 

I  usually  large  in  proportion  to  their  shafts,  support  a  single  facet  for  articuktio 

with  the  eleventh  and  twelfth  dorsal  vertebrae  resi)ectively.     The  tubercles  are  il 

I  developed  and  have  no  articular  facets.      The  angle  is  faintly  marked  on  tfa 

eleventh,  sciircely  pcrcei)tible  on  the  twelfth.     Their  anterior  extremities  are  nanw 

^  and  pointed  and  tipjicd  with  cartilage.     The  sulxjostal  groove  is  absent  in  th 

twelfth,  and  but  slightly  seen  in  the  eleventh.     The  twelfth  is  considerably  shorti 

than  the  eleventh  rib. 

Architecture.- -Eacli  rib  consists  of  a  curvwl  and  flattt^mul  l»ar  of  bone,  the  interior  of  whk 

I  is  lf>ose  an<l  canrelluus,  whilst  the  iuvi-sting  «-nvelop«  if*  conij^ict.     The  inner  table  is  much  tl 

stronger,  attaining  its  niaxiniuni  tliickni-ss  (»pjMwite  tlio  angle— in  front  and  liehind  ni-hich  ; 
becomes  gmdually  i'e<luc(Ml.  The  outer  taMt%  much  thinnor,  is  stoutest  ojjposite  the  angle;  o 
th(^  jiosterior  surmce  of  the  tubiTch?  and  nt-rk  it  ftunis  hut  a  thin  layer.  The  compact  Uyei 
forming  the  ui>i)er  and  lower  Injnlei'a  are  not  so  thick  as  those  forming  the  inner  and  outi 
surfac«-s.  The  cancellous  tissue,  loose  and  open  in  the  shaft,  is  most  comiwict  in  the  region  oft! 
head  and  towaiils  the  anterior  extremity. 

•  Variations. — The  number  of  ribs  may  he  iiicivasiHl  or  diminisheil.  Inci-easc  may  occur  I 
the  addition  of  a  cervical  rib  due  to  the  independent  development  of  the  costal  element  in  tl 
transverse  jirocess  of  the  seventh  cervical  vertebm.  This  may  hap]H'n  on  one  or  Injth  sides.  Tl 
ran'i*  of  develojunent  of  these  w'rvical  ribs  varies ;  they  may  unit-e  in  frcmt  with  the  steniui 
or  tliey  may  l>e  fused  ant^^riorly  with  the  cartilage  of  the  fu-st  ril),  or  the  wrvical  rib  may  1 
free.  It  may  in  some  instancies  be  iM-jiresented  mainly  hy  a  ligamentous  Ijand,  or  ita  veileliv 
and  sternal  ends  may  1k'  alone  deveUnied,  the  intenm^liate  i>art  U*ing  fihnius.  At  times  tl 
vertebi-al  end  ou\y  mav  1m^  formed  and  may  Ikj  fuswl  with  the  lii-st  rih,  thus  leading  to  tl 
formation  of  a  bicipital  rih  such  as  occui-s  in  many  cetaceans.     Increase  in  the  nuiuber  of  ril 

I  may  also  W  due  to  the  a'^siiit-ation  of  the  costal  element  whi(;h  is  normally  ]>rej*ent  in  the  embn 

in  a»nnexion  with  the  tii-st  lunilwir  vcrtirhr?!.     (Rosenberg,  Mtnph.  Juhrk  i.)     lii^diiction  in  ti 
numlM'r  of  ribs  is  less  e«.nninon.     Th<^  twelfth  rib  rarely  alwirts;  in  some  cases  the  first  rib 
rudimentary.     (.'as«'s  of  congenital  alj>ene.e  of  some  of  the  riln?  have  lK*en  reeor^led  by  Hutchinsoi 
Murray,  and  Ludeke. 

Fusion  of  adja''«'nt  ril»s  may  occur.     (Ijiine,  fhnjA  ITn;,^.  lujn,rfsy  18813.) 

Variations  in  form  may  l>e  in  great  ]iart  due  to  the  occu^iaiiun  of  the  individual  and  the  cot 
strioting  inlhu-nee  of  corsets.     In<le|>endentlv  r»f  these  inlluences,  the  fore  j)ait  nf  the  s«haft 
sometimes  cleft  so  as  to  ajjpear  douhle  ;  at  other  times  the,  ch-ft  may  U*  incomjdete  so  as  to  fon 
a  jH^rfoi-ation.     ()««"asionally  adjact-nt  rilis  aiv  uniti-d  towaids  iheir  jwisterior  part  by  procesai 
I  having  an  interme<liate  os>iche  iM-iween  (Meckel),  thub  recalling  the  condition  normally  met  wit 

in  binls;  more  usually,  however,  the  Inniy  projections  are  n<»t  in  contact. 

The  number  of  true  or  vertebro-stemal  ril>s  may  lie  i-e<luce<l  to  six,  or  incivascil  to  eiglit  (« 
untt!,  p.  t>7). 
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Ossification. — Ossificntion  begins  in  the  cartilaginous  ribs  about  the  sixth  wook,  and 
ipidlT  extends  along  the  shaft,  so  that  by  the  end  of  the  third  month  it  has  reached  the 
ennanent  costal  cartilaj^'e.  The  sixth  ami  seventh  ribs  are  the  earlii'st  to  ossify  ;  the 
ist  rib  \Ai\iiiZ  the  hist  (Lamlwrtz).  At  puberty,  or  before,  secondary  centres  appear. 
H  iheso  there  are  three — an  e])ipliysis  for  tlie  articular  surface  of  the  tuherele,  one  U)V  the 
lOiKarticulnr  pitrt  of  the  same  process,  and  one  for  the  liead.  By  the  twenty-Hfth  year 
Bsion  'r«etwecn  these  and  the  shaft  is  complete. 

THE  COSTAL  CAETILAGES. 

The  costal  cartilages,  of  which  thore  are  twelve  pairs,  are  bars  of  hyaline 
5irtila.:e  united  to  the  anterior  extremities  of  the  ribs,  into  which  they  are  recessed 
ind  held  ia  i»08ition  by  the  periosteum.  Through  tlu^se  cartilages  the  first 
Bven  ribs  are  connected  directly  with  the  sternum  by  means  of  synovial  joints 
DGne«ponding  to  the  notches  along  the  margins  of  the  breast  bone.  To  this  there 
'■an  exception  in  tlie  case  of  the  tirst  rib.  the  cartilage  of  which  is  directly  blended 
with  the  manulirinm  sterni.  The  eighth,  ninth,  and  tenth  are  connected  indirectly 
with  the  stomum  by  their  nnion  with  each  other,  ami  their  articulation,  through 
tht^  medium  of  the  eighth,  with  the  wn-enth  rib  cartilage,  whilst  the  eleventh  and 
twelfth  cartilages  tip  the  ribs  to  wliich  they  belong,  and  li(^  free  in  the  musch's  of 
tte  flank.  The  costal  cartilages  increase  in  length  from  the  tirst  to  the  seventh, 
lelov  which  they  become  shorter.  The  first  inclines  ol)li(|uely  downwards  and 
bwanU  to  unite  with  the  npper  angles  of  the  manubrium.  Tlip  second  lies  more 
or le?>  horizontally.  The 
thirl  to  the  seventh 
padu.illy  Iw^tome  more 
an«i  more  curved,  inclin- 
ing downward  from  the 

extremirie.s  of  their  re- 

!p«ective  ribs,  and  then 

lamini:  upwards  to  reach 

the  sternum.   The  tenth 
►cartilage  articulat<3s  by 

means  nf  a  synovial  joint 

wiftrhf  ninth,  the  ninth 

with  the  eii.:bth,  and  tlie 

Hirhth  with  the  si-venth. 

TLrr-^  are  als<i  surfaces 

h  the  articulation   of 

tl.e  seventh    witli    the 

-ixilLand  sometimes  for 

thr  sixth  with  the  fifth. 

Variations.  —  <  >cca- 

r:'..:»llv  u  cf>st;d  cartilage 
1^ uniuly  broad,  and  may 
I',  piercfd  by  a  foramen. 
Tin:  !iumb«.r  of  eostal 
'Ctilri.'os  connected  with 
''K  sit'TuuTii  njay  be  re- 
i'i^-i  to  >\\  or  increased 
'  ':i:ht  (>eo  p.  07).  In 
■'l»»ri.H.-l  lift.-  tlitre  is  a 
••M'vn.'v  tow'anls  o^isifira- 
'.'•'i  ill  rlif*  lay».-rrs  under- 

n,.  il...  ,„,nd...„.lrinni.  j,,..  .^  _^,„j,  .,, ^^  ^^  ^,^^.^.  ^.,.^,,,  ^„,, 

iM-rr  jmrricularly  ni  tlie 

"••"•f  tin*  tin^t  rib  cartilage,  in  which  it  may  be  regarded  as  a  more  oi-  less  nonnal  (Mnirrence. 

THK  THORAX  AS  A  AVHObK. 
T\u-  Wmy  and  cartilaginous  thorax  is  iKirrel-shaped,  bcin-^r  n.irrower  above  than 
■^v'W-.aml  coniprcsseci  from  before  backwards.     Its  posterior  wall  is  loniriM'  than  its 
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anterior,  and  its  transverse  width,  wliich  reaches  its  maxinnini  opposite  the 
or  ninth  rih,  is  much  in  excess  of  its  sagittal  diameter.     This  is  largely 
to  tlie  forward  projection  of  the  tlioracic  part  of  the  vertebral  column  in 
thoracic  cavity. 

The   anterior  wall   is  formed   by  the  ribs   and  rib   cartilages,  togethe 
the  sternum.    The  posterior  wall  comprises  the  thoracic  part  of  the  vertebral  c 

and  the  ribs  as  far  ae 
angles.  Owing  t^»  the 
ward  curve  of  the  ril 
the  projection  forwards 
vertebral  bodies,  the  i 
posterior  diameter  o 
thoracic  cavity  is  consid 
greater  on  either  side 
middle  line  than  in  the 
plane,  thus  allowing  f 
kxigment  of  the  rounde 
terior  borders  of  the 
For  the  same  reason  the 
on  either  side  of  the  8 
processes  of  the  thoracic 
braj  is  converted  into  a 
groove  (vertebral  groov 
iloor  of  which  is  in  pirt  i 
by  the  ribs  as  far  as 
angles.  The  grooves  so  j 
are  each  occupied  by  the 
mass  of  tlie  erector 
muscle. 

The  lateral  walls  are  i 
by  the  costal  arches.  Tl 
which  run  obliquely 
above  downwards  and  fo: 
do  not  lie  parallel  tc 
other,  but  spread  somew! 
that  the  intervals  \h 
tliem  (intercostal  space 
wider  in  front  than  l^hi 
The  superior  aperti 
inlet  formed  by  the  b< 
the  first  thoracic  verU^l 
hind,  the  arches  of  th 
rib  on  either  side,  an 
upper  lK)rderof  the  manubrium  sterni  in  front,  is  contracted  and  of  reniform 
The  plane  of  the  inlet  is  oblique  from  behind  downwards  and  forwards,  so  t 
expiration  the  upper  border  of  the  sternum  lies  on  a  level  with  the  disc  be 
the  second  and  third  thoracic  vertebne. 

The  lower  aperture,  of  large  size,  is  l)0undcd  in  the  middle  line  l)ehind  1 
twelfth  thoracic  vertebra ;  passing  thence  the  twelfth  ril)S  sloi)e  outwards, 
wards,  and  forwards.  From  these  a  line  carried  horizontally  forwards  froir 
tips  touclies  the  end  of  the  eleventh  rib,  and  then  curving  slightly  upward  n 
the  cartilage  of  the  tenth  rib.  Here  it  follows  the  confluent  margins  of  th 
tilages  of  the  tenth,  ninth,  eighth,  and  seventh  ril)s,  finally  reaching  the  x 
cartilage,  where  it  forms  with  the  costal  margin  of  the  opiK)sito  side  the  sul 
angle,  the  summit  of  which  coincides  with  the  xi])hi-sternal  articulatio 
expiration  this  joint  usually  lies  on  a  level  with  the  intervertebral  disc  be 
the  ninth  and  tenth  thoracic  vertebne,  and  corres[)onds  with  the  surface  depr 
familiarly  known  as  the  pit  of  the  stomach.  The  inferior  aperture  of  the  the 
occupied  by  th^  vault  of  the  diaphragm. 


Fig.  79.  -Tick  Thduax  .\s  skkn  kkom  thk  Right  Side. 


THE  FRONTAL  BONE.  103 

In  the  foetal  condition  the  form  of  the  thorax  differs  from  that  of  the  adult.     It  is 

^  himllv  compressed — in  this  respect  resembling  the  simian  ty])c.     lt«  antero-postorior 

L  dameter  i^  relatively  greater  than  in  the  adult.     At  birth  changes  in  form  take  place 

^  depeudent  on  the  expansion  of  the  lungs ;  durhig  subsequent  growth,  the  further  ex- 

\  fuum  of  the  thoracic  cavity  in  a  transverse  direction  is  correlated  with  the  assumption 

:.rf  the  erect  posture,  and  the  use  of  the  fore-limbs  as  prehensile  organs. 

Sexual  Differences.  —  The  thorax  of  the  female  is  usually  described  as  being 
noportioDately  shorter  and  rounder  than  the  male.  It  also  tends  to  narrowness  in  the 
fcier  segment  It  is  hardly  necessary  to  point  out  that  the  natural  form  is  often 
iBodifled  by  the  use  of  tight  or  ill-fitting  corsets. 

THE  BONES  OF  THE  SKULL  (Ossa  Cranii). 

The  term  skull  (cranium)  is  commonly  employed  to  signify  the  entire  skeleton 
•f  the  head.  ThLs  comprises  the  bony  envelope  which  surrounds  the  brain 
(cranium  cerebrale),  and  the  osseous  structures  which  support  thfe  face  (cranium 
Tiscerale.  ossa  faciei).    ' 

Id  catalogues  of  craniological  collections  the  terms  used  are  as  follows  : — 
Skull       =  entire  skeleton  of  head,  including  the  mandible. 
Cranium  =  the  skiill,  minus  the  mandible. 

Calvaria  =that  part  of  the  skull  which  remains  after  the  bones  of  the  face  have 
been  removed  or  destroyed. 

The  cranium  cerebrale  is  composed  of  the  occipital  (os  occipitale),  the  sphenoid 
(oB  .sphenoidale),  the  ethmoid  (os  ethmoidale),  and  the  Arontal  (os  frontale),  the  two 
luiBtalB  (ossa  parietalia),  and  the  two  temporals  (ossa  temporalia) — eight  l)one8  in  all. 

The  bones  of  the  face  (cranium  viscerale,  ossa  faciei)  include  the  following : — 
Two  single,  viz.  the  vomer  (vomer),  and  the  inferior  maxilla  or  mandible  (mandibula), 
and  twelve  bones,  arranged  in  pairs,  viz.  the  superior  maxillary  (maxilla}),  malar  (ossa 
ZTgomatica),  palate  (ossa  palatina),  together  with  the  lachrymal  (ossa  lacrynialia), 
i  (ossa  nasaUa),  and  inferior  turbinated  (conchte  inferiores) — fourteen  bones  in  all. 


Acc*>rding  to  the  scheme  of  international  nomenclature,  the  inferior  turlnnals,  the 
kchrrmals,  tlic  nasals,  and  the  vomer  are  included  under  the  cninium  cerebrale,  and  not 
▼ilh  the  cranium  vihcerale. 

The  hyoid  Ijone  is  usually  described  along  with  the  skull.  If,  in  addition,  the 
bones  of  the  middle  ear,  three  on  each  side  (malleus,  incus,  and  stapes),  be  iu- 
dudrtl,  the  skeleton  of  the  head  consists  of  twenty-nine  bones. 

The  se|^rat<^  Iwnes  will  first  be  described,  and  then  the  skull  will  be  considered 
a*  a  whole  and  in  section. 

THK  SEPAKATE  BONKS  OF  THE  SKULL. 
The  Fkoxtal  Bone. 

The  frontal  bone  (os  frontale),  situated  in  the  fore  i)art  of  the  cranium,  is  a 
abigle  bone  formed  by  the  fusion  in  early  life  of  two  synnuetrical  halves.  It  con- 
«gt5  of  a  frontal  part,  which  corresponds  to  the  region  of  the  forehead ;  an  orbital 
mt,  which  enters  in  the  structure  of  the  roof  of  the  orbits ;  and  a  nasal  part,  which 
luidtB  in  forming  the  roof  of  the  nasal  fossie. 

Tlie  frontal  part  (pars  frontalis)  is  the  shell-like  portion  of  the  bone  which 
rises  upwards  above  the  orbital  arches.  Its  ext^jrnal  surface  is  rounded  from  side 
to  side  and  from  above  down'.vards.  This  convexity  is  most  i)ronounced  al)out 
IJ  inches  above  the  orbital  m'irt^ins  on  either  side  of  the  middle  line,  constituting 
uhat  are  known  as  the  frfntal  eminences  Ctul.)era  frontalia).  These  mark  the 
ori>nnal  sit^s  of  the  centre^,  from  which  the  bone  ossilies.  The  lower  margin  of 
this  part  is  formed  on  ^'ther  side  of  the  middle  line  by  the  curved  orbital 
Mifiiis  (margiues  8upraQ'l)itales),  the  outer  and  inner  extremities  of  which 
constitute  the  extenml  ai;d  internal  angular  processes  respectively.  I'he  hitter 
devend  to  a  lower  lever,  than  the  former,  and  articulate  with  the  lachrymal 
8h 
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Ix)ne8,  being  separated  from  e«ach  other  by  a  rough  articulate  surface — the 
notch  for  the  nasal  and  superior  maxillary  bones.  The  curve  of  the  c 
margin  varies  in  different  individuals  and  races;  towards  its  inner  third 
crossed  by  a  groove,  not  unfre^picntly  converted  into  a  foramen — the  snpnu 
notch  or  foramen  (incisura  sive  foramen  supraorbitals).  Through  this  tlier 
the  supraorbital  nerve  and  artery.  Above  the  supraor]>ital  margin  the  cha 
of  the  bone  displays  marked  differences  in  the  two  sexes :  in  the  male,  abo^ 
interval  between  the  two  internal  angular  i)rocesse8,  there  is  usually  a  well-ni 
prominence,  called  the  glabella,  from  this  the  fulness  extends  outwards  abo^ 
orbital  margin,  varying  in  degree  and  extent,  and  forming  the  elevations  kno 
the  supraorbital  (^r  superciliary  ridges  (arcus  superci Hares).  The  prominei 
these  naturally  reacts  on  the  character  of  the  supraorbital  margins,  which  are  tl 
and  more  rounded  in  the  male  than  in  the  female.  Passing  upwards  over  the  gli 
the  remains  of  the  suture  which  originally  separated  the  two  halves  of  the  froutii 
can  usually  be  seen  ;  above  this  point  all  trace  of  the  suture  is  generally  oblit€ 


Extomal  anguUu-  ftiwewi 


SiipercJUftcj  ridge 


Glfth^elU  tiuil  T^mainn  M  fhnit 


Supraorbl  tjil  tiotch  ^   \ff^^  ^  nlerial  MgalAt  piuoMa 

For  utjculation  with  nMftl  boflo         l# 

Kkj.  80.— Frontal  Bone  (Anterior  View). 

Extending  upwards  from  the  external  angular  i)roces8  is  a  well-marked 
wliich  curves  ujiwards  and  slightly  inwards,  then  turning  backwards  it  i 
across  the  lateral  aspect  of  the  ])one.  This  is  the  temporal  ridge  or  crest  (linea 
lH:)ralis  .  wiiicb  serves  to  separate  the  anterior  surface  of  the  frontal  portion « 
bone  from  its  temporal  iisj^ect.  The  latter  (facies  temporalis)  forms  the  floor  > 
upi>er  and  anterior  jKirt  of  the  temporal  fossa,  and  serves  for  the  attachment 
temporal  musf^le. 

The  orbital  part  of  the  bone  ([»irs  orbitalis)  consists  of  two  transversely-c 
plates,  each  having  tlu'  form  of  a  sextant ;  tbcir  inner  edges,  which  are  ceUul 
parallel  to  each  other,  and  are  soparjited  in  tiici/  posterior  half  by  the  ethi 
notch  incisura  etbmoidalis),  in  which  the  cthnioiu  }>one  is  lodged.  The  ed 
the  not<*h  on  cither  side  arc  grooved  in  front  and  beliii.d  by  the  anterior  and  poi 
ethmoidal  foramina,  which  are  com]»leted  when  the  ethmoid  ist/t  gitu.  The  ar 
tran.smits  the  internal  branch  of  the  nasal  nerve  and  tl  e  anterior  ethmoidal  v( 
the  i>ost<irit)r,  the  i»osterior  ethmoidal  vessels.  In  front  )f  the  ethmoidal  notch 
i\i\sfi\  noU'h.  fnau  the  centre  of  which  the  nasal  process  firojects  downwards  an 
wards  to  terminate  in  the  nasal  spine  fspina  nas^ilis),  which  lies  between, and  i) 
lates  with  the  nasjil  l)ones  and  perpendicular  ])late  of  tl  e  ethmoid.     On  eithc 
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f  cAe  root  of  this  process  the  bone  is  grooved  obliquely  from  above  downwards  and 
rwanis,  and  enters  into  the  fonuation  of  the  narrow  roof  (l)ar^?  nasalis)  of  the 
nl  fas3£e.  Anteriorly  the  nasal  notch  is  limited  by  a  rough  U-shaped  articular 
[face,  the  median  part  of  which  articulates  with  the  nasal  bones,  wiiilst  on  either 
e  the  nasal  processes  of  the  superior  maxillae  are  united  w4th  it.  Behind  this, 
iJ  the  broken  cells,  the  passages  leading  into  the  frontal  sinuses  are  readily 
ioguished,  and  here  the  inner  edges  of  the  orbital  plates  articulate  witli  the 
iirnial  bones. 

The  ozintal  plate  is  thin  and  brittle.  In  front  it  is  bounded  by  tlie  superior 
lal  mai^in,  just  within  which,  midway  between  the  internal  angular  process 
the  supraorbital  notch  there  is  a  small  shallow  depression  (fovea  trochlearis), 
n  displaying  a  spicule  of  bone  arising  from  its  edge  (spina  trochlearis),  which 
rds  attHchment  to  the  pulley  of  the  superior  oblique  muscle  of  the  eyeball. 
emally  the  orbital  plate  is  overhung  by  the  orbital  margin  and  the  external 
idar  prc»ees8,  and  in  the  hollow  so  i)roduced  (fossa  glandula?  lachrymalis)  the 
rymal  gland  is  lodged.  The  extremity  of  the  external  angular  process  (pro- 
is  /ygouiaticus)  articidates  with  the  frontal  process  of  the  malar  bone.     Behind 
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Nasal  si>in»« 
Fig.  si.   -Fhontal  Bone  as  .seen  from  I^klow. 

the  irregular  edge  of  the  orbital  plate  is  uiiiled  with  the  great  wing  of  the 
a»>id  by  a  triangular  area,  which  als(;  extends  on  to  the  inferior  aspect  of 
temjKjral  surface  of  the  frontal  Ijone.  The  apex  of  the  orbital  plate,  for  the 
e  of  al»out  half  an  inch,  articulates  with  the  lesser  wing  of  the  sphenoid. 
The  rerebral  sur/dce  of  the  Ixme  forms  a  fossa  in  which  lie  the  fun*  and  under 
i«  of  the  frontal  lobes  of  the  cerebrum,  the  (M>nvolutions  of  which  impress  their 
1  on  the  inner  aspect  of  the  bone.  Here,  too,  on  cither  side  of  the  middle  line, 
'  i»e  seen  <le]ire,*<sion8  for  the  lodgineiit  of  Pacchionian  bodies.  Descending  from 
centre  of  the  up]»er  margin  of  the  hone  is  a  vertical  groove,  the  frontal  sulcus; 
rowing  i>elow,  this  emls  in  a  ridge— the  frontal  crest — which  nearly  re<iched 
fore  i>art  of  the  ethmoidal  notch,  where  it  terminates  in  a  small  orifice,  the 
mien  c;ecum,  j>laced  usually  in  the  suture  between  the  fore  part  of  the  ethmois 

th»'  frontal.  This  foramen  may,  or  may  not,  transmit  a  small  vein  from  the 
"to  tlie  commencement  of  the  su])(Ti(»r  longitudinal  sinus.  This  sinus,  which 
nterjHXsed  between  the  layers  of  the  falx  cerel»ri,  is  at  first  attached  to  the 
ital  crest,  but  subsequently  oce.upies  the  frontal  sulcus.     Deeply  concave  from 

to  side  and  from  above  downwards,  the  lateral  aspects  of  the  fossa  are  seen  to 
:raver.-ied  by  .small  grooves  for  the  anterior  branches  of  the  middle  meningeal 
ries.     Below,  the  orbital  plates  bulge  into  the  floor  of  the  fossa,  so  that  the 


106 


OSTEOLOGY. 


ethmoidal  notch  appears  recessed  between  them.     On  either  side  of  the  notcl 
grooves  for  the  meningeal  branches  of  the  ethmoidal  vessels  may  be  seen. 
circumference  of  the  fossa  is  formed  by  the  serrated  edges  of  the  bone 
articulate  witli  the  parietals  above,  and  on  either  side  below  with  the  grea 
lesser  wings  of  the  sphenoid. 

Connexions. — The  frontal  articulates  with  twelve  boues,  viz.  poeteriorly  with  the  p 
and  sphenoid ;  externallv  with  the  nialars ;  inferiorly  and  internally  with  the  nasals,  si 
maxillae,  lachrymals,  and  ethmoid. 

Architectura — The  frontal  bone  is  composed,  like  the  other  l>ones  of  the  cranial  Ti 
two  layers  of  compact  tissue,  enclosing  between  them  a  layer  of  spongy  cancellous  textui 
diploe.  In  certain  definite  situations,  owing  to  the  absorption  of  this  intermediate  la) 
lK)ne  is  hollow,  forming  the  frontal  air  sinuses.  The  position  and  extent  of  these  is  \ 
extent  indicated  by  the  degree  of  projection  of  the  8Uj)erciliarv  ridges,  though  this  must 
taken  as  an  absolutely  reliable  guide,  for  cases  are  recorded  wliere  the  ridges  were  low  a 
sinuses  large,  and  vice  versa.  Of  much  surgical  imiwrtance,  the^e  air-spaces  only  attain  th 
development  after  the  age  of  puberty,  being  of  larger  size  in  the  male  than  in  the  fe; 
circumstance  which  accounts  for  the  mt)re  vertical  appearance  of  the  forehead  in  woman 
trasted  with  man.  Usually  two  in  number,  thev  are  placed  one  on  either  side  of  the 
line,  and  communicate  by  means  of  the  infundibulum  with  the  nasal  fossa  of  the  san 
It  is  exceptional  to  find  the  sinuses  of  opposite  sides  in  communication  with  each  other, ; 
are  generallv  separated  by  a  complete  partition  which,  however,  is  occasionally  much  di 
to  one  or  otfier  side.  Logan  .Turner  ("  On  the  Illumination  of  the  Air  Sinuses  of  the  Skul 
some  Observations  upon  the  Surgical  Anatomy  of  the  Frontal  Sinus,"  Edin.  Med.  Jour.,  Ma 
gives  the  average  dimensions  of  these  sinuses  as  follows  : — Height,  31  mm.,  7.^.  from  the 
nasal  aj^erture  upwards  ;  breadth,  30  mm.,  t.e.  from  the  septum  horizontally  outwanls  ;  de 
muL,  from  the  anterior  wall  at  the  level  of  fronto-na.sal  suture  backwardsalong  the  orbit 
Exceptionally  large  sinuses  are  sometimes  met  with  extending  backwards  over  the  orbit  1 
form  a  double  roof  to  that  space.  There  is  a  specimen  in  the  Oxford  collection  in  wh 
sinus  is  so  large,  and  extencfs  so  far  l>ack,  that  the  optic  nerve  is  carried  through  it  in 
tul>e.  Another  point  of  some  practical  importance  is  that  the  sinuses  are  hartlly  eve 
metrical.  It  is  rare  to  meet  with  cases  of  their  complete  absence,  although  scimetimes  th 
on  one  or  other  side  may  be  wanting. 

The  external  angular  process,  from  the  arrangement  of  its  surfaces  and  the  density 
structure,  is  particularly  well  adapted  to  resist  the  pressure  to  which  it  is  subjected  wL 
jaws  are  firmly  closed. 

Variations. — That  most  frequently  met  with  is  a  iiersistence  of  the  suture  which  uni 
two  halves  of  the  lx)ne  in  the  infantile  c(mdition  :  skulls  displaying  this  peculiarity  are 
metopla  The  n^searches  of  various  observers — Broca,  Kanke,  Gruber,  Manouvrier,  Anou 
and  Papillault  (Rev.  mens,  de  Vecole  d^Anthropol.  de  Paris,  annexe  6,  n.  3) — ])oint  to  tli 
fre([Uent  Oi'curi-ence  of  this  metopic  suture  in  the  higher  than  in  the  lower  races  of  ma 
Calmette  assi^rts  its  greater  frequence  in  the  brachycephalic  than  the  dolichoce])hali( 
Separate  ossicles  (Wormian  bones)  may  occur  in  the  region  of  the  anterior  fontanelle.  The 
of  thi's*'  with  one  or  other  half  of  the  frontal  explains  how  the  metopic  suture  is  not  ah 

line  with  the  sagittal  suture  (Stieda,  Anat.  Anz.  1 
227) ;  thev  occasionally  jKirsist,  however,  and  ft 
their  coale^scence  a  bregmatic  bone  (G.  Zoja, 
Scientifico,  xvii.  j).  76,  Pavia).  Turner  (Challenger  I 
part  xxix.)  recorrls  an  inslan(?e  of  direct  articula 
the  frontal  with  the  orbital  plate  of  the  8ui>erior  i 
in  a  Bush  skull,  and  other  examples  of  the  same  an 
which  obtains  normally  in  the  skulls  of  the  chim 
and  gorilla,  have  Ixjen  olwerved  (Jouir.  Anat.  and  1 
vol.  xxiv.  p.  349). 

SchwallHi  (1901)  records  the  presence  of  smal 
pendent  ossicles  (su])ranasal  bones)  in  the  anteri 
of  the  niet()j>ic  suture.  The  same  anatomist  h. 
recently  directed  attention  {Zeit.  f.  Morj)h.  und 
voL  iii.  J).  93)  to  the  existence  of  tne  metopic  foni 
fii*st  descTil)ed  by  Gerdy,  and  the  oceurrence  of  i 
ossicles  (ossa  interfrontalia)  and  canals. 

Ossification. — Ossification  begins  in  men 
from  two  centres,  which  appear  about  the  si 
a.  M«topic  sutuR.  still  open     M'asitioi,  of  seventh  week,  one  on  either  side  immediately 

primary   ufntre.      r,  C.ditre  for   external    ^,  i, -^   i  •  t^  ^\  ^i       ^        i* 

angular  process.    //.  (Vntre  for  region  of   ^^^^  ovhiUiX  niarj^'m.      Prom  these  the  two  ha 
trochlea.     ^,  Centres  for  nasnl  spine.  the  frontid   part  of  the  lx)ne  are  developed,  a 

extension  inwards  and  backwards  from  theii 
part  the  orbitjU  plates  are  also  formed.  Serrea,  Kambaud,  and  Renault  and  v.  I 
descrilMJ  the  occurrence  of  three  pairs  of  secondary  centres  somewhat  later:  on 
for  the  nasal  spine  on  either  side  of  the  foramen  ccecum  ;  a  centre  on  either  i 
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com*>p'>ndence  with  the  position  of  each  trochlear  fossa  :  and  a  centre  for  each  external 
an^X^ilar  pnKit'ss.  Fusion  between  these  secondary  and  tlie  primary  (centres  is  nsually 
coniplote  iilnjut  the  sixth  or  seventh  month  of  fa't^il  life.  At  hirth  tlie  two  syninietrical 
llalve^  uf  the  lume  are  separated  by  the  nietopic  suture,  obliteration  of  wliich  gradually 
t&kos  ]>l;ice.  >*o  that  alM)ut  the  fifth  or  sixth  year  it  is  more  or  less  comj)letely  closed,  traces 
only  nf  the  .suture  being  left  above  and  below.  Tn  about  eight  j)er  cent  of  Kurojxsans, 
bovever,  the  suture  ])ersi8ts  in  the  adult  (see  anfi).  At  birth  tlic  supraorbital  notches 
lie  nejir  the  midille  of  the  su[iraorbitid  arches. 

Tmces  of  the  frontal  sinuses  may  be  met  with  about  the  second  year,  but  it  is  oidy 
about  the  age  of  seven  that  they  can  be  definitely  re(!(»gnised.  From  that  time  they 
inon-iise  hi  size  till  the  age  (»f  puberty,  subsequent  to  which  time  they  attain  their  maxi- 
mum development. 
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The  parietal  bones  (ossa  imriotalia),  two  in  number,  are  placeil  on  either  side 
of  the  vault  of  tlie  cranium,  articulating  with  the  frontal  anteriorly,  the  occipital 
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P'-su-riorly,  anil  the  tem^iorals  and  sjihenoid  interiorly.     Kach  boiu;  ]»()ssesses  an 
tXitriial  and  internal  surface,  four  borders,  and  four  ani^des. 

Tlie  fdfrniil  ^surface,  convex  from  alM)ve  downwards  and  from  before  bjickwards, 
•ii-playg  towards  its  centre  a  more  or  less  pronounced  elevation,  the  parietal  eminence 
tKrier  {^irietale).  This  marks  the  position  of  the  primitive  ossilic  centre,  antl  not 
aifre«|iiently  corresponds  to  the  point  of  maximum  width  of  the  liead.  At  a 
unable  distance  from  the  lower  bnrdor  of  the  bone,  and  juore  or  h^ss  ])a.rallel  to  it,  two 
^■■ine«l  lines  can  usually  be  distinguished  :  these  togftbcr  constitute  t  he  temporal  crest. 
The  superior  temporal  line  (linea  temporalis  ^uinirior)  serves  for  the  attachment  of 
lU  teiiii>oral  fascia;  the  inferior  temporal  line  (linen.  irMiqu'ralis  inferi(»r:  d('iin«"s  the 
'UUchment  of  the  temporal  muscle,  th(^  extent  and  development  of\vhic'b  nec(»ssarily 
•■otermine.s  the  position  of  the  crest.  The  surface?  belnw  the  ci'cst  ent<.M's  into  the 
f-nuaiiun  of  the  Hoor  of  the  temporal  fossa,  and  is  railed  the  planum  temporale;  it 
iiisoafibnls  origin  to  tlie  temporal  muscle,  and  is  often  faintly  marked  by  grooves 
which  indicate  the  course  of  the  middle  temj)oral  artery. 
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Above  the  Hiiperior  teiii])oral  line  tho  bone  is  covered  only  hj  the  tissues  of  tlil( 
scalp.  Near  its  ui)p('r  border,  and  about  an  inch  from  its  jjosterior  superior  angU 
is  tlie  small  parietal  foramen  (foramen  i)arietale),  through  which  jiass  a  BmalP 
arteriole  and  an  emissary  vein.  * 

The  inner  or  cerehral  aspect,  is  concave  from  side  t^  side  and  from  above  dowii4 
wards,  moulded  over  the  surface  of  portions  of  the  frontal,  i)arietal,  occipital,  an^ 
temporal  lo]>es  of  the  cerebrum,  it  displays  impressions  corresponding  to  the  arrange-^ 
ment  of  the  convolutions  of  these  ])ortions  of  the  brain.  It  also  presents  a  series 
of  well-marked  grooves  for  the  lodgment  of  the  Ijranches  of  the  middle  meningeil-^ 
artery ;  these  radiate  from  the  anterior  inferior  angle  of  the  bone,  the  l)est  mance^ 
running  upwards  at  some  little  distance  l)ehind  and  parallel  to  its  anterior  bordet»^ 
Within  the  upper  margin  are  a  series  of  depressions  for  Pacchionian  hodie^| 
and  here  also  tlie  bone  is  channelled  so  as  to  form  a  groove  (sulcus  sagittalis]^^ 
which  is  completed  by  articulation  with  its  fellow  of  the  opposite  side.     Within  - 
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-      -  -n         ■! 


rArfeWl  11  Iranian 


Aiiti-rhii  iiLri'i^i>r  nn^^le  OrrKJvM  i 

^il■()^)^•o  for  lilt  f 'nil  KinuM 
Fn;.  81.— l^KiHT  I'AUiETAL  BoNK  j  Iiiii.T  }i>iirfaci-). 

this  groove  lies  tho  su^x^ior  longitudinal  vc^nous  sinus,  and  to  its  edges  the  falx  cerebri 
is  attached.  (Hose  to  the  inferior  post<*rior  angle  there  is  also  a  curved  groove,  tha 
lateml  sulcus,  in  which  the  lateral  venous  sinus  is  lodged. 

The  anterior,  superior,  and  pOfifcrior  borders  are  deeply  serrated.  The  anterior 
articulates  with  tho  frontal  ])one, and  constitutes  the  coronal  suture;  the  posterior n 
united  with  the  occipital  l»one,  and  forms  the  lamluloid  suture.  The  superior  border 
articulates  with  its  fellow  of  the  op])osite  side  by  means  of  the  sagittal  suture;  in 
the  interval  between  the  two  ]»arictal  foramina  tliis  suture  is  usually  simple  in  its 
outline.  The  anfrrinr  nnjierior  (nvjlr  rjingulus  frontiilis)  is  almost  rectangular,  and 
corrcsjionds  to  the  site  of  the  anttn-ior  fontanolle.  The  posterior  superior  an^i 
(angnlus  occipitalis),  usually  more  or  less  rounded,  corresponds  in  position  to  the 
]io8terior  fontanelle.  The  injWior  honfrr  is  curvr'<l,  and  shorter  than  the  others;  it 
lies  U'tween  the  anterior  ami  ])0sterinr  inferior  anglea  Shaq>  and  bevelled  at  the 
expense  of  its  outer  table,  it  dis[»lays  a  fluted  arrangement,  and  articulates  with 
the  squamous  |)art  of  the  temporal  bone.     Tlie  anterior  inferior  angle  (angulujf 
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oidalis),  pointed  and  prominent,  articulates  with  the  great  wing  of  the 
oid.  It  is  wedged  into  the  angle  formed  by  the  union  of  that  bone  with  the 
J,  and  is  bevell^  at  the  expense  of  its  inner  table  anteriorly,  whilst  inferiorly 
binned  at  the  expense  of  its  outer  table.  The  jmsterior  inferior  angle  (angulus 
»ideus)  is  a  truncated  angle  lying  between  the  inferior  and  posterior  borders. 
deeply  serrated,  and  articulates  with  the  mastoid  process  of  the  temporal  bone. 
infrequently  there  is  a  channel  in  this  suture  which  transmits  an  emissary  vein. 

DnexioillB.  —  The  parietal  bone  articulatefl  with  its  fellow,  with  the  frontal,  occipital, 
id  and  aquamouA  temporal,  and  with  the  sphenoid.  Occasionally  the  inferior  angle  may 
acli  the  great  wing  of  the  sphenoid,  being  separated  from  it  by  the  articidation  of  the 
oiB  temporal  with  the  frontal  (see  also  p.  119). 

chitactare. — Thin  towards  its  lower  part,  where  it  enters  into  the  formation  of  tlie 
ral  foflBa,  it  ia  thickest  along  the  superior  lx)rder  and  in  the  neigh lx)urhood  of  tlie  posterior 
wangle. 

nations. — A  number  of  cases  have  been  recorded  in  which  the  jwrietal  is  divided  into  an 
and  lower  part  by  an  antero-post«rior  suture  parallel  to  the  sagittal  suture.  Coraini 
.  AT.  Cont^.  metL  Int^maz.  Eomu,  1894,  voL  v.)  records  a  case  in  which  the  parietal  was  In- 
tel v  divided  into  an  anterior  and  posterior  part  by  a  vertical  suture.  The  parietal 
la  vary  greatly  in  size,  and  to  some  extent  in  position.  They  are  sometimes  absent  on  one 
r  >\dr,  or  both.  They  correspond  in  position  to  the  sagittal  fontanelle.  Sometimes  the 
ion  of  this  fontanelle  is  incomplete  and  a  small  transverse  fissure  I'emains.  The  ]>arietjil 
I  represents  the  patent  external  extremity  of  this  fissure  after  its  edge^  liave  coalesced. 
lally  in  the  region  of  the  anterior  fontanelle  an  ossicle  of  variable  size  may  be  met  with. 
the  do-called  prae-interparietal  bone.  According  to  its  fusion  with  adjacent  boners  it 
turb  the  direction  of  the  sagittal  suture. 

sification. — Ossification  takes  place  in   membrane  by  the  dopositiou  of  earthy 

the  centre  for  which,  most  probably  formed  by  the  coalescence  of  two  nuclei, 

over  the  parietal  eminence  about  the  sixth  or  seventh  week  of  fa»tal  life ;  from  this 

da  in  a  radial  manner  towards  the  edges  of  the  bone,  where,  however,  the  mem- 

*  coudition  still  for  some  time  persists  constituting  the  fontanel Ics.  These  corre- 
n  position  to  the  angles  of  the  bone.  Ossification  is  also  somewhat  delayed  in 
ion  of  the  parietal  foramina,  constituting  what  is  known  as  the  sagittal  fontanelle, 
>ranoii8  interval  which  is  not  unfrequently  apparent  even  at  birth. 

The  Occipital  Bonk. 

e  occipital  bone  (os  occipitale),  placed  at  the  back  and  lower  part  of  the 
m,  consists  of  three  parts,  arranged  around  a  large  oval  hole,  called  the 
a1  foramen  or  foramen  magnum.  The  expanded  curved  plate  beliind  the 
rn  is  the  tabular  or  squamous  part.  The  thick  rod-like  portion  in  front  of  tlie 
m  is  the  basilar  process.  On  either  side  the  foramen  is  bounded  by  the 
i  or  condylic  portions. 

le  tabular  or  squamous  part  (squama  occipitalis)  in  shape  somewhat  re8em]>les 
tie  arch,  and  is  curv^ed  from  side  to  side  and  from  a]>ove  downwards.  It  forms 
:)rly  a  small  jwrtion  of  the  middle  of  the  posterior  boundary  of  the  foramen 
um,  and  unites  on  either  side  of  that  with  the  lateral  parts  of  the  bone.  About 
jntre  of  the  external  surface  of  the  squama  there  is  a  prominence — the  external 
fcal  protnberance  (protuberantia  occipitalis  externa),  which  varies  considerably 
distinctness  and  projection,  and  serves  for  the  attachment  of  the  ligamentum 
e.  From  the  protuberance  on  either  side  two  lines  curve  out  towards 
eternal  angles  of  the  bone.  These  are  known  respectively  as  the  highest  and 
ior  curved  lines  (linea  nuchje  suprema  and  linea  nuchic  superior).     To  the 

•  of  these  the  epicranial  aponeurosis  is  attached,  whilst  the  lower  serves  for 
r^pn  of  the  trajjezius  and  occipitalis  muscles  and  the  insertion  of  the  sterno- 
>id  and  splenius  capitis  muscles.  The  two  lines  together  serve  to  divide  tlie 
nal  surface  of  the  Uibular  part  into  an  upper  or  occipital  portion  (planum 
itale),  covered  by  the  hairy  seal})  and  a  lower  or  nuchal  part  (planum  nuchale) 
ig  for  the  attachment  of  the  tleshy  muscles  of  the  back  of  the  neck.  As  a  rule 
iccipital  part  bulges  backwards  beyoud  the  external  occipital  protuberance ; 
»tionaUy,  however,  the  latter  process  is  the  most  outstanding  part  of  the  bono. 
he  nnchaL  idane,  irregular  and  rough,  is  divided  into  two  lateral  lialvos  by  a 
m  ridge — the  external  occipital  crest  (linea  nuchie  niediana),  which  stretcU^a 
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from  the  external  occipital  protuberance  above  to  t!ie  posterior  border  of  the  fona 
magnum  below.  Crossing  the  nuclial  plane  transversely,  about  its  middle,  ia  I 
inferior  curved  line  (linea  nuchie  interior),  which  passes  outwards  and  ibrwardB  i 
either  side  towards  the  lateral  margins  of  the  bone.  The  areas  thus  marked  ^ 
serve  for  the  attachment  of  the  complexus,  obliquus  superior,  and  rectu.s  capi 
posticus  major  and  minor  muscles. 

The  internal  surface  of  the  squama,  concave  from  side  to  side  and  from  aba 
downwards,  is  subdivided  into  four  fossae  by  a  crucial  arrangement  of  ridgea  ■ 
grooves.  The  upper  pair  of  fossae  lodges  the  occipital  lobes  of  the  cerebrum,  I 
lower  pair  the  lobes  of  the  cerebellum.  Near  the  centre  of  this  aspect  of  the  bfl 
is  the  internal  occipital  protuberance  (protul>erantia  occipitalis  interna),  an  inegii 
elevation,  the  sides  of  which  are  variously  channelled  according  to  the  dispositaol 
of  the  grooves.     Leading  from  this  to  the  hinder  margin  of  the  foramen  magni^ 
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is  a  shaq)  and   well-defined  ridge,  the  internal  occipital  crest  (crista  occipiteli|!^ 
interna),  which  serves  for  tlie  attachment  of  the  falx  cerel>elli,  a  process  of  da 
mater  whicli  separates  the  two  cerebellar  hemispheres.     Passing  upwards  from  f' 
internal  occipital  protuberance  tliere  is  usually  a  well-marked  ridge,  to  one  or  ot 
side  of  which,  more  frequently  the  right  (witb  the  bone  in  the  normal  position  i 
viewed  from  behind),  there  is  a  well-detined  groove,  the  sulcus  sagittalis,  the 
lip  of  which  is  generally  less  )»rominent.     l^laced  in  this  groove  is  the  suj 
Longitudinal  venous  sinus,  and  attached  to  the  lips  is  the  falx  cerebri.     At  righl^ 
angles  to  the  foregoing,  and  at  the  level  of  the  internal  oi»ci pi tid  protuberance,  wit*^ ' 
which  they  l)ee<>nie  conthient,  are  two  transverse  grooves,  the  sulci  transversi.    Theh 
grooves,  which  have  more  or  less  prominent  edges,  lie  b(jtween  the  upper  and  lowB 
])airs  of  fossic,  and  serve  for  the  attachment  of  the  t<jntorium  cerebelli  as  well  ft 
tlie  lodgment  of  the  lateral  blood-Hiuus(.'s.     Commonly  the  riglit  lateral  groove  fa 
confluent  with  the  groove  to  the  right  side  of  the  median  ridge,  but  exceptions  tc*- 
this  rule  are  not  infrequent.     The  angle  formed  by  tlie  union  of  the  venous  sinusal- 
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Bdgeil  in  these  grooves  constitutes  the  torcular  Herophili,  whicli  may  accordingly 
plaft»d  to  one  or  other  side  of  the  internal  occipital  protuberance,  more  frequently 
5  right ;  in  some  cases,  however,  it  may  occupy  a  central  position. 
The  superior  angle,  more  or  less  sharp  and  pointed,  is  wedged  in  between  the 
piarietal  bonea,  its  position  corresponding  to  the  site  of  the  posterior  fontancUe. 

le  iatcnd  angle  articulates  on  either  side  with  the  iK:)sterior  extremity  of  the 
itoid  {Ktrtion  of  the  temporal  bone.  The  suj>erior  horders,  much  serrated,  articu- 
I  with  the  i>arietal  bones  forming  the  lambdoid  suture ;  and  the  lateral  edges, 

Ktending  from  the  external  angles  to  the  jugular' process  inferiorly,  are  connected 

M  the  inner  sides  of  the  mastoid  portions  of  the  temporals. 
The  lateral  or  condylic  parts  of  the  occipital  bone  (jwirtes  laterales)  are  placed 
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•o  eilh^^r  side  of  the  foramen  magnum;  on  tlioir  under  surface  llicy  bear  th(^ 
tjodyles  (condyli  occipitiiles)  by  mciins  of  which  the  skull  articulates  with  tbe 
■d«  vertebra.  Of  elongated  oval  form,  tbe  condyles  arc  so  disposed  that  their 
ttferinr  extremities,  in  line  with  the  anterior  margin  of  tlu^  foramen  magnum,  lie 

'  ich  extend  as  far  back  as  tbe  middle  of 


:  fl«er  together  than  their  posterior  ends,  wbic 
f  4e  external  borders  of  the  foramen.     Conv 


ex  from  before  backwards,  they  arc 
J^gwe*]  so  that  their  surfaces,  which  are  nearly  plane  iVom  side  to  sidc^,  are  directed 
•Jiiihtly  outwards.  Each  is  su])ported  on  a  boss  of  lionc,  pierced  by  the  anterior 
coidylic  foramen  (canalis  hyi>oglossi),  which  o^k'hs  obliquely  from  wit  bin  outwards 
4nJ  forwards  on  the  floor  of  a  fossix  called  tlie  anterior  condylic  fossa,  situated  just 
txteniJil  to  the  fore  part  of  the  condyle.  The  foramen  transmits  tlie  hypoglossal  or 
Xn.  rranial  nerve,  together  with  a  meningeal  branch  of  the  ascending  pharyngeal 
4rtTTan4l  its  c<imi)anion  veins.  Behind  the  condyle  is  placed  tlie  posterior  condylic 
fe«i  in  the  floor  of  which  the  posterior  condylic  foramen  fierjuonMy  open^.    T\\Tr^\v^^\ 
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this  a  vein  passes  which  joins  the  lateral  sinus.     The  edge  of  the  foramen  magn 
immediately  l>ehind  the  condyle  is  often  grooved  for  the  passage  of  the  vertal 
artery  around  it.     Jutting  out  from  the  posterior  half  of  the  condyle  is  a  stoat 
of  bone,  serially  homologous  with  the  vertebral  transverse  process — this  is 
jugular  process  (processus  jugularis) ;  deeply  notched  in  front,  its  anterior 
is  free  and  rounded,  and  forms  the  posterior  boundary  of  the  jugular  f( 
Curving  outwards  from  this  margin,  in  line  with  the  anterior  condylic  ft 
there  is  often  a  small  pointed  projection,  the  processus  intra-jugulare,  which 
to  divide  the  jugular  foramen  into  two  compartments.     Externally  the  jugi 
process  articulates  by  means  of  a  synchondrosis  with  the  jugular  surface  (n 
])etrous  part  of  the  tc^mponil  bone.     Its  posterior  border  is  confluent  with  the  lan 
and  lateral  portion  of  the  occipital  squama,  and  its  under  surface  is  rough 
tubercular  for  the  attachment  of  the  rectus  capitis  lateralis  muscle.     The  sup 
aspect  of  the  lateral  part  displays  on  either  side  of  the  foramen  magnum  an  elev* 
surface  of  oval  form,  the  tuberculum  jugulare ;  this  corresponds  to  the  part  of 
lx)ne  which  bridges  over  the  canal  for  the  hypoglossal  nerv^e.     Its  upper  surfaoe 
many  instances  displays  an  oblique  groove  running  across  it ;  in  this  are  lodged 
glosso-pharyngeal,  vagus,  and  accessory  nerves.     The  jugular  pr<x*ess  is  dee 
grooved  superiorly  for  the  lower  part  of  the  lateral  blood  sinus,  which  here  toi 
round  the  anterior  free  edge  of  the  process  into  the  jugular  foramen.     Joining  tl 
close  to  its  inner  edge,  is  the  opening  of  the  j)Osterior  condylic  foramen  when  il 
canal  exists. 

The  bajsilar  pcuii}  of  the  occipital  bone  (pars  basilaris)  extends  forwards 
upwards  from  the  foramen  magnum.     Its  anterior  extremity  is  usually  sawn 
as,  after  adult  life,  it  is  necessary  to  sever  it  in  this  way  from  the  sphenoid,  t 
cartilage  uniting  the  two  bones  having  by  that  time  become  completely  oasifit 
Broad  and  thin  Ix^hind,  it  narrows  laterally  and  thickens  vertically  m  front,  wh 
on  section  it  displays  a  quadrilateral  form.     Projecting  from  its  under  surface  8(4) 
little  distance  in  front  of  the  foramen  magnum  is  the  pharyngeal  tubercle  (taU 
culum  i>haryngeum)  to  which  the  fibrous  raphe  of  the  pharynx  is  attached;^ 
either  side  of  this  the  rectus  ca]:)itia  anticus  major  and  minor  muscles  are  insertaj 
The  upjicr  surface  forms  a  broad  and  shallow  groove  which  slopes  upwards  Mk 
forwards  from  the  thin  anterior  margin  of  the  foramen  magnum ;  in  this  rests  Jdj 
medulla  oblongata.     On  either  side  its  lateral  edges  are  faintly  grooved  for  fl 
inferior  petrosal  venous  sinuses,  ])elow  which  the  lateral  asi)ect  of  the  tone  is  roM 
for  the  cartilage  which  unites  it  to  the  sides  and  apex  of  the  petrous  part  of  d 
temix)ral  bone. 

The  foramen  magnum,  of  oval  shape,  so  disposed  that  its  long  axis  lies  in  til 
sagittiil  plane,  is  of  variable  size  and  form.  The  plane  of  its  outlet  differs  someiN^ 
in  individual  skulls;  in  most  instances  it  is  directed  downwards  and  sligfafl 
forwards.  In  front  the  condyles  encroach  upon  it,  and  narrow  to  some  extent| 
transverse  diameter.  To  its  margins  are  attached  the  ligaments  which  unitel 
with  the  atlas  and  axis.  Through  it  piss  the  lower  part  of  the  medulla  oblongil 
where  it  becomes  continuous  with  the  si)inal  cord,  the  two  vertebral  arteries,  ti 
spinal  accessory  nerves,  and  the  blood-vessels  of  the  meninges  of  the  upper  part  i 
the  cord. 

Connexions. — The  (XTipital  Imhic  articulates  with  the  two  jmrietals  in  front  and  al)ove,  wi 
the  Hi)henokl  in  fnjnt  and  helow,  with  the  two  tviii]K»ralH  on  either  Hide,  and  with  the  atl 
vertenra  by  means  of  it.s  n^ndyles. 

Architecture. — The  squamous  2>art  disj^hiys  tliickenings  in  the  i>ositionof  the  variouB  ri4| 
an<l  cn'sts,  the  stoutest  j>art  corresiionding  to  tlie  internal  au<l  external  occipital  protiiberans 
though  it  should  W  noted  that  the  two  protuliorance.s  do  not  necessarilv  coincide,  the  intent 
being,  as  a  rule,  plact^d  at  a  higher  level  than  the  external.  If  tin*  lK>ne  ixi  lield  up  to  the  la% 
it  will  be  at  once  a]>j)an*nt  that  it  is  nunh  thinner  where  it  forms  the  floor  of  the  inferior  ibi 
than  in  the  uj)]»er  ikirt  The  Uisilar  portion  oonsist,s  of  a  ?*l^ongy  e^^re  surrounded  bya  mc 
comjwirt  out«'r  envelope,  thickest  on  its  lower  surface*.  In  the  condyles  the  spongy  tlsBoe 
ari"ang»'<l  radially  to  their  convex  articular  surfaces,  the  hypoglossal  canal  being  siuruunded 
particularlv  (hmse  and  compact  l>rjne. 

Variations.— The  most  striking  of  the  many  variations  to  which  this  bone  is  subject  is  t 
Heparation  of  the  uimmt  part  of  the  occipital  squama  to  form  an  indeix*ndent  bone — the  inti 
]>arietal  bone,  calleci  also,  from  the  frequency  of  its  occurrence  in  Peruvian  skulls,  the  os  In 
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eeen  below  (see  Ossification),  the  occurrence  of  this  anomaly  is  explained  development- 
place  of  forming  a  single  bone  the  interparietal  is  occasionally  met  with  in  two 
al  halves,  and  instances  have  been  record^  of  its  occurrence  in  three  or  even  foui* 
I  the  latter  cases  the  two  anterior  parts  form  the  pre-interparietals.  Instances  are 
r  the  presence  of  a  sepai-ate  epiphysis  between  the  basi-occipital  and  the  sphenoid,  the 
um  (Albrecht)  or  the  os  praj-basi-occipital.  The  articular  surface  of  the  condyles  is 
divided  into  an  anterior  and  posterior  part.  The  so-called  third  occipital  conajrle  is 
ding  process  rising  from  the  anterior  border  of  the  foramen  magnum,  tne  extremity  of 
culatee  with  the  (xlontoid  process  of  the  axis.  Querri  has  recorded  a  case,  in  which  in 
idl,  there  were  two  outstanding  tubercles  in  the  position  of  the  third  occipital  condyle, 
nt  of  the  basi-occipital  portions  of  the  condyles  (Anat  Anz.  vol.  xix.  p.  42).  This 
)  confirm  the  view  of  Mat-alister  that  there  are  two  different  structures  included 
5  name — one  a  mesial  ossification  in  the  sheath  of  the  notocbord,  and  the  second,  a 
ually  paired  process,  caused  by  the  deficicncv  of  the  mesial  part  of  the  hypochordal 
f  the  nindmust  occipital  vertebra,  with  thickenings  of  the  lateral  parts  of  the  arch. 

from  the  imder  surface  of  the  extremity  of  the  jugular  pi-ocess,  a  rough  or  smooth 
urface,  or  else  a  projecting  process,  the  extremity  of  whicn  may  articulate  with  the 

process  of  the  atlas,  is  sometimes  met  with.  This  is  the  paroccipital  or  parainastoid 
S  unieroiis  instances  of  fusion  of  the  atlas  with  the  occipital  bone  nave  been  recorded, 
no  doubt,  pathological  in  their  origin ;  others  are  associated  with  errors  in  development. 
g  anomalies  are  these  in  which  there  is  evidence  of  the  intercalation  of  a  new  vertebral 
ptwt^n  the  atlas  and  occipital,  constituting  what  is  termed  a  proatlas. 

Scation. — The  major  part  of  the  bone  ossifies  in  cartilage,  the  upper  i)art  of  the 

interparietal),  alone  developing  in  membrane.     The  basilax  part  begins  to  ossify 

'  sixth  week  of  fcetal  life  by  the  appearance  of  two  centres,  one  in  front  of  the 

le  anterior,  according  to  Albrecht,  constitutes  the  basiotic,  the  posterior  the 

tital.      These  two  centres — which  there  is  some  reason  to  believe — may  themselves 

i  bv  the  fusion  of  pairs  placed  laterally,  rapidly  unite,  so  that  the  occurrence  of 

e  alone  is  frequently  described.     From  this  the  fore  part  of  the  margin  of  the 

iiagnum  is  formed,  together  with  a  portion  of  the  anterior  end  of  the  occipital 

•n  either  side.     It  helps  also  to  close  up  the  front  of  the  anterior  condylic  canal. 

ith   the  condylic  parts  is  complete  about 

:h  or  fifth  j-ear.     Ankylosis  between  the 

ital  and  the  sphenoid  takes  place  about  the 

'th  year. 

&teral,  condylic,  or  exoccipital  parts  begin 

from  a  single  centre  about  the  end  of  the 

lonth  of   fa»tal   life.      The  notch   for  the 

ial  canal  appears  about  the  third  month. 

s  centre    is  formed    the  posterior  three- 

1  the  occipital  condyle.  The  exoccipital 
r  completely  fused  with  the  8^|uama  by 
year  or  earlier. 

ready  noted,  the  squama  consists  of  two 
le  one  above  the  oc^cipital  crest,  the  other 
;  the  former  develops  in   membrane,  the 

cartilage.  In  a  three-months'  falus  this 
;  is  very  chanicteristic.  The  cartilaginous 
ra-occipital)  begins  to  ossify  from  two  centres 

2  sixth  or  seventh  week,  which  raj>idly  join 
an  elongated  strip  placed  transversely  in 
on  of  the  occipital  protuberance.  The 
for  the  upper  part  (interparietal)  appear 
Lccorflin<jj  to  Maggi  (Arch,  Ital.  Biol,  tome 

2,  p.  301),  they  arc  four  in  number,  of 
vo  place<l  on  either  side  of  the  middle  line 
.Uiut  the  second  month.  The  other  pair, 
iterally,  are  seen  about  the  third  month  ; 
etweeii  these  takes  place  early,  but  their 
on  and  arrangement  explain  the  anomalies 
\  this  part  of  the  bone  is  subject.      The 

lair  may  persist  as  separate  ossicles,  or  fuse  to  form  the  pre-interparietals,  whilst 
ral  pair  may  remain  independent  of  the  supra-occipital  as  a  single  or  double 
ietal  bone.  Union  between  the  supra-occipital  and  the  interparietal  elements 
ihout  the  third  or  fourth  month ;  but  evidence  of  their  separation  is  frec\ucuUy 


Fia.  87. -Ossification  of  Occipital  Bonk. 

/,  Basilar  centre  ;  6,  Exoccipital  ;  c*,  Ossicle 
of  Kerkring  ;  r/,  Supni-occipitol  (from  car- 
tilage) ;  »',  Fissure  l>etweeii  8U]>ra-occipit!il 
and  interparietal  ;  /,  Interparietal  (Irom 
membnine)  ;  ij,  Fissure  between  inter- 
parietals. 
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met  with  even  in  the  adult  by  the  persistence  of  a  transverse  suture  running 
from  each  external  angle  of  the  stjuama,  or,  as  above  mentioned,  there  may  be  ii 
Inc*e.  The  supra-occipital  forms  a  small  part  of  the  middle  of  the  hinder  border  of 
foramen  magnum,  though  here  a  small  independent  centre,  known  as  the 
Kerkring,  is  occasionally  met  with.  Other  independent  centres  are  sometimes 
between  the  supra-occipital  and  the  exoccipitals. 

At  birth  the  occipital  consists  of  four  parts — the  interparietal  and  supra-oo(q 
combined,  the  basi-occipital,  and  the  exoccipitals — one  on  either  side. 


The  Temporal  Bones. 

The  temporal  bone  (os  teuiporale)  Ue8  about  the  centre  of  the  lower  half  of  eit 
side  of  the  skull,  and  enters  largely  into  the  formation  of  the  cranial  base.    F 
placed  between  the  occipital  behind,  the  parietal  above,  the  sphenoid  in  front, 
the  occipital  and  sphenoid  internally  and  below.     At  birth  it  consists  of 
parts — an  upper  and  outer  part,  the  squamous  or  squamo-zygomatic  portion ;  an 
and  posterior  portion,  the  petro-mastoid,  which  contains  the  parts  specially 
with  the  sense  of  hearing,  together  with  the  organ  associated  with  equilibratkj 
and  an  under  or  tympanic  part,  from  which   the  floor  and  anterior  wall  of 
external  auditory  meatus  is  formed. 

The  squamous  part  (pars  squamosa)  consists  of  a  thin  shell-like  plate  of 
placed  vertically,  having  an  inner  (cerebral)  and  an  outer  (temporal)  surface 
semicircular  upper  border.  Inferiorly,  behind,  and  internally  it  is  fused  in 
life  with  the  petro-mastoid  portion  by  means  of  the  squamoso-mastoid  and 
I)etro-8quamosal  sutures,  traces  of  which  are  often  met  with  in  the  adult  boaj 
whilst  below  and  in  front  it  is  separated  from  the  tynqmnic  and  petrous  parts  I 
the  Glaserian  fissure.  Its  external  surface,  smooth  and  slightly  convex,  enters  ifll 
the  fonnation  of  the  floor  of  the  temporal  fossa,  and  affords  attachment  to  ll 
temporal  muscle.  Near  its  hinder  part  it  is  crossed  by  one  or  more  aacendii 
grooves  for  the  branches  of  the  middle  temporal  artery.  In  front  and  below  thd 
springs  from  it  the  zygomatic  process  (processus  zygomaticus).  This  arises  hj 
broad  attachment,  the  surfaces  of  which  are  inferior  and  superior ;  curving  outwau 
and  forwards,  it  then  becomes  twisted  and  narrow  so  that  its  sides  are  turn) 
inwards  and  outwards  and  its  edges  directed  upwards  and  downwards.  Anteriod 
it  ends  in  an  oblique  serrated  extremity  which  articulates  with  tlie  zygomatic  pn 
cess  of  the  malar  bone.  Posteriorly  the  edges  of  the  zygomatic  process  separate  ai 
are  termed  its  roots.  The  upper  edge,  which  becomes  the  posterior  root,  sweeps  \m 
over  the  external  auditory  meatus,  and  is  confluent  with  a  ridge,  the  supra-nuuM 
crest,  which  curves  backwards  and  slightly  upwards,  and  serves  to  define  the  lim 
of  the  temporal  fossa  posteriorly.  The  inferior  edge  turns  inwards  and  constitnl 
the  anterior  root ;  the  under  surface  of  this  forms  a  transversely-disposed  round^ 
ridge,  the  articular  eminence  (tuberculum  articulare),  behind  which  there  is  a  daj 
hollow,  the  glenoid  fossa  (fossa  mandibularis),  limited  posteriorly  by  the  tympai 
plate,  and  crossed  at  its  deepest  part  by  an  oblique  fissure,  the  Glaserian  tam 
(tissura  i)etro-tympanica).  This  cleft,  which  is  closed  externally,  transmits  aba 
its  middle  the  tympanic  branches  of  the  internal  maxillary  artery,  and  lodges  ^ 
sleuder  process  of  the  malleus.  At  its  inner  end  the  lips  of  this  fissure  ^ 
frequently  sej)arated  i)y  a  thin  scale  of  bone,  a  downgrowth  from  the  tegm 
tympaui  of  the  j.)etrou8  part,  which  here  separates  the  tympanic  from  the  squamoi 
elements,  forming  in  its  descent  the  major  part  of  the  outer  wall  of  the  oeseoi 
Eustichian  canal,  wliich  lies  immediately  internal  to  it.  Between  this  scale  of  boi 
and  the  ])08terior  edge  of  the  fissure  there  is  a  small  canal  (canal  of  Huguier),  whii 
transmits  the  chorda  tym]mni  nerve.  The  part  of  the  glenoid  fossa  in  front  of  ti 
fissure  articulates  with  the  condyle  of  the  inferior  maxilla,  through  the  media 
of  the  interarticular  cartilage,  which  is  here  interposed  and  rests  as  well  on  t 
tulMirculum  articulare.  Posteriorly  the  part  of  the  fossa  behind  the  fissure  is  no 
articular  and  lodges  a  portion  of  the  ^mrotid  gland.  At  the  angle  formed  by  t 
divergence  of  the  two  roots  of  the  zygoma,  in  correspondence  with  the  outer  pi 
of  the  articular  eminence,  there  is  a  rounded  tubercle ;  to  this  are  attached  t 
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■es  of  the  external  lateral  ligament  of  the  tcmporo-mandibular  joint.  In  front 
t  the  inner  end  of  the  articular  eminence  there  is  a  sniall  triangular  surface, 
nited  in  fiont  by  the  edge  of  the  anterior  root,  and  internally  by  a  thick  serrated 
A^gin  which  articulates  with  the  outer  side  of  the  great  wing  of  the  sphenoid ; 
ds  area  forms  juirt  of  the  roof  of  the  zygomatic  fossa.  Just  anterior  to  the 
eternal  auditory  meatus  and  projecting  downwards  from  the  under  surface  of  the 
Brterior  root  there  is  a  conical  process,  called  the  post-glenoid  tubercle,  which  forms 
prominent  anterior  lip  to  the  external  extremity  of  the  Glaserian  fissure ;  it  is  the 
ipresentative  in  man  of  a  process  which  occurs  in  some  mammals  and  prevents  the 
ickward  displacement  of  the  lower  jaw.  By  some  anatomists  it  is  referix)d  to  as 
lie  middle  root  of  the  zygoma.    • 

The  sygomatic  process  by  its  lower  margin  and  inner  surface  gives  origin  to  the 
wseter  muscle,  whilst  attached  to  its  upper  edge  are  the  layers  of  the  temporal 
■da.     Behind  the  external  auditory  meatus,  and  below  the  supramastoid  crest,  the 
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ipimous  element  extends  downwards  as  a  pointed  i)rocess,  wliicli  assists  in  forming 
Ik  rof  and  i)osterior  wall  of  the  external  auditory  meatus,  whon^  it  unites 
■fcrioriy  with  the  tymi>anic  plate.  In  the  adult  this  process  is  occasionally 
ilttl»ly  "defined  posteriorly  l»y  an  oblique  irregular  fissure,  the  remains  of  the 
auto-bquamosal  suture. 

^^fessor  Maccweu  has  pointed  out  that  this  suture  fre<[iiently  remains  open  till 
pBbmj  and  occasionally  after,  and  may  be  of  importance  as  a  channel  iilong  which  in- 
fective prx'tsses  may  extend. 

The  injier  surface  of  the  s^piamous  part,  less  extousivt;  than  the  outer  aspect 
wiU;:  to  the  iM^velling  of  the  8up<;rir>r  border,  is  marked  by  tin;  impression  of  the 
eQnv.ilutions  of  tlie  t^mi)ortil  lol>e  of  th(i  eercbruni,  and  is  limited  beU)W  by  the 
prtro-jvpiamosal  suture,  the  remains  of  which  can  fre(|uently  be  se^n.  It  is  crossed 
in  front  by  an  ascending  groove  for  the  middle  meningeal  artery,  branches  from 
rtich  course  Vnickwards  over  the  bone  in  grooves  more  or  less  paralK'I  to  its  upper 
bwder. 

The  superior  border  of  the  wpiamous  part  is  curved,  sharp,  and  scale-like.  beiiiL; 
levelled  at  the  expense  of  its  inner  table,  except  in  front,  where  the  nuu'giu  \s  V\v"vc\v 
9a 
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and  stout.     Here  it  articulates  with  the  great  wing  of  the  sphenoid,  its  union 
that  bone  extending  to  near  the  fore  part  of  the  summit  of  the  curve,  behmdji 
it  is  united  to  the  parietal  overlapping  the  lower  border  of  that  bone;  {wetem 
the  free  margin  of  the  squamous  part  ends  at  an  angle  formed  between  it  and  ■ 
mastoid  process  called  the  incUura  parietaliB.  ,  ,         r  ^u 

The  tympanic  part  (pars  tympanica)  of  the  temporal  bone  forms  the  an 
lower,  and  mrt  of  the  jK^sterior  wall  of  the  external  auditory  meatus.  Boi 
in  front  and  above  by  the  Gkserian  fissure,  it  forms  the  hmder  wall  oi  the  ■ 
articular  iwrt  of  the  glenoid  fossa.  Fused  internaUy  with  the  petrous  pai^ 
lower  edge,  sharp  and  well  defined  internally,  splits  to  enclose  the  root  of 
projectini  styloid  process,  and  is  hence  called  the  Ta«iiial  process  ,.^^Sf3 
unites  with  the  fore  part  of  the  mastoid  process,  and  higher  up  with  the  descend 
process  of  the  sciuamous  iwirt,  from  both  of  which  it  is  sei^rated  by  the  anikl 
ttiume  (fissura  tympano-mastoidea)  through  which  the  auricular  branch  of  i 
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vagus  escapes.     Its  free  border,  which  forms  the  anterior,  lower,  and  part  of 
posterior  border  of  the  external  auditory  meatus,  is  usually  somewhat  thickei 
and  rough,  and  serves  for  the  attacliment  of  the  cartilaginous  part  of  the  canaL 

The  external  auditory  meatus  (meatus  acusticus  externus)  is  directed  obliqv 
inwards  and  a  little  forwards,  and  describes  a  sliglit  curve,  the  convexity  of  wl 
is  directed  ui)wards ;  <jf  oval  form,  its  long  axis,  close  to  its  orifice,  is  nearly  verti 
but,  as  it  passes  inwards,  inclines  somewhat  forwards  so  as  to  give  a  twist  to 
canal.  The  depth  of  the  canal  to  the  attachment  of  the  membrana  tymj 
averages  from  14  to  16  mm.  The  upper  margin  of  the  outer  orifice  overha 
considerably  the  lower  edge,  but  owing  to  the  obliquity  of  the  inner  apertun 
which  tlie  membrana  tympani  is  attached,  the  upper  wall  of  the  osseous  0( 
only  exceeds  the  length  of  the  lower  wall  by  one  or  two  millimetres. 

The  petro-mastoid  part  (pars  i>etrosa  et  mastoidea)  of  the  temporal  bon< 
pyramidal  i'orm,  is  fused  to  the  inner  aspect  of  the  tympanic  and  squan 
portions,  extending  behind  them,  however,  to  form  the  well-marked  and  promi] 
mastoid  process,  which  lies  posterior  to  the  external  auditory  meatus.  This  pre 
(pars  mastoiilea)  forms  a  nipple-like  projection,  the  size  of  which  differs  consider 
in  different  individuals.     Usually  larger  in  the  male  than  in  the  female,  its  re 
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pnter  surface  and  lower  border  serve  for  the  insertions  of  the  stemo-mastoid, 
[US  capitis,  and  trachelo-mastoid  musclea  Within  and  below  its  pointed 
ity  there  is  a  deep  groove  (incisura  mastoidea),  usually  well  marked,  which 
ori^n  to  the  posterior  belly  of  the  digastric  muscle ;  whilst  lying  to  the  inner 
BUe  of  this,  and  separated  from  it  l>y  a  more  or  less  well-defined  rough  ridge,  there 
oftentimes  be  seen  a  narrow,  shallow  furrow,  which  indicates  the  course  of  the 
ipital  artery.  The  inner  surface  of  the  mastoid  portion  forms,  in  part,  the  lateral 
of  the  posterior  cranial  fossa,  in  which  the  cerebellar  lobes  are  lodged, 
ing  across  this  aspect  of  the  bone  tliere  is  a  broad  curved  groove,  the  con- 
ity  of  which  is  directed  forwards  and  lies  in  tlie  angle  formed  by  the  Imse  of  the 
lus  part  and  its  fusion  with  the  mastoid  portioo.  The  depth  to  which  the  bone 
here  channelled  varies  considerably,  and  is  important  from  a  surgical  standpoint, 
herein  lies  the  sigmoid  portion  of  tlie  lateral  venous  sinus.  Anteriorly  the 
toid  is  fused  with  the  descending  process  of  the  squamosal  above,  and  below. 
Mere  it  is  united  witli  the  tympanic,  it  enters  into  the  fonnation^of  the  posterior 
Jnll  of  the  external  auditory  meatus  and  tlie  cavity  of  the  tympanum.  Above,  its 
^KK  margin  is  rough  and  serrated,  and  articulates  witli  tlie  posterior  inferior  angle 
wt  the  piirietal;  behind  and  below  it  articulates  by  a  jagged  suture  with  tlie 
pocipital.  Traversing  this  suture,  or  near  it,  is  the  mastoid  foramen  (foramen 
teastoideum),  which  transmits  a  vein  from  the  lateral  sinus  to  the  cutaneous 
^cdf'ital  vein,  together  with  a  small  branch  of  the  occipital  artery. 

The  petrons  part  of  the  pi^tro-mastoid  is  of  the  fonn  of  an  elongated  three-sided 
^▼ramid.  By  its  base  it  is  united  obliquely  to  the  inner  sides  of  the  squamosal 
mad  lympauic  parts.  Its  apex  is  directed  inwards,  forwards,  and  a  little  upwards. 
•Ite  three  surfaces  are  arranged  as  follows : — The  .mjyerior  or  anterior  looks  upwards, 
;ifighily  forwards,  and  a  little  outwards,  and  forms  part  of  the  floor  of  the  middle 
laanial  fossa.  The  posterior  is  directed  backwards  and  inwards,  and  forms  part  of 
[the  anterior  wall  of  the  posterior  cranial  fossa.  The  inferior  is  seen  on  the  under 
lorface  of  the  base  of  the  skull,  and  is  directed  downwards.  The  borders  are  named 
iwpeetively  anterior,  superior,  and  posterior. 

The  anterior  border  is  short,  and  forms  an  acute  angle  with  the  fore  part  of  the 
;^UAmouB  part;  within  this  angle  is  wedged  the  spinous  part  of  the  great  wing  of  the 
•pbenoid.  Here,  too,  the  osseous  Eustachian  canal  (canalis  mu8culotul)arius)  may  be 
■een  leadin;i  backwards  and  outwards  from  tlie  summit  of  the  angle  to  reach  the 
fcre  f<art  of  the  ca^^ty  of  the  tymi)anum.  On  looking  into  it,  the  canal  is  seen  to 
be 'divided  into  two  unequal  parts  by  an  oss^'ous  partition,  the  cochleariform  process 
(septum  tuhie).  The  upper  compartment,  the  smaller  of  the  two  (st»mic<analis 
m  :»TL*>ris  tympani),  lodges  the  tensor  tvmpani  muscle,  wliilst  the  lower  (semi- 
Ctfialls  tubte  auditivfc)  forms  the  osseous  part  of  a  channel  (the  Eustachian  tube), 
whif.h  serves  to  conduct  air  from  the  ])harynx  to  the  tympanum. 

Tin-  posterior  border  is  in  part  articular  and  in  part  non-articular.  Posteriorly 
■d  externally  it  corresponds  to  the  upper  margin  of  an  area  on  the  inff^ior 
Kr&oe  with  which  the  extremity  of  tlie  jugular  process  of  the  exoceipital  articulates. 
Is  front  of  that  it  is  irregularly  notched,  and  forms  tlie  free  anterior  edge  of  the 
JBgnkr  fonimen,  internal  to  which  it  has  a  sharp  curved  l»order,  often  grooved, 
ittehing  to  the  a[M>x.  This  groove,  which  is  completed  by  articulation  with  tlie 
«t«r  siile  of  the  basi-occipital,  lodges  tlie  inferior  petrosal  veims  sinus. 

The  superior  border  is  a  twisted  edge  which  is  continuous  with  the  upper  margin 
"fth€grv»ve  for  the  lateral  sinus  posteriorly,  and  anteriorly  and  internally  reaches 
tl^afiex  of  the  bone.  Running  along  it  there  is  usually  a  well-marked  groove  for 
thp?y].ierior  petrosal  venous  sinus,  and  near  its  inner  extremity  it  is  slightly  notched 
fer  the  passag*'  of  the  trigeminal  nt^rve.  Along  the  entire  length  of  this  border  the 
tentorium  cerelxdli  is  attached. 

On  the  inferior  surface  of  the  pt^trous  ]'art,  which  is  bounded  in  front  by  the 
interior  border  internally,  and  the  tympanic  ])late  (externally,  and  behind  by  the 
posterior  iKjrder,  the  following  structures  are  to  bo  noted:-  S]>ringing  from  and 
msbiathed  by  the  vaginal  prf>cess  is  the  slender  and  ]>ointed  styloid  process  (pro- 
W958U8  styloideus),  the  length  of  which  varies  much,  rrojecting  downwards  and 
■lightly  forwards  and  inwards,  it  affords  attachments  for  tlie  stylo-glossus, 
"9* 
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stylo-hyoid,  and  stylo-pharyngeiis  muscles  as  well  as  the  stylo-hyoid  and  8^? 
mandibular  ligaments.  Just  hohind  it,  and  between  it  and  the  mastoid  pn 
is  the  stylo-mastoid  foramen  (foramen  stylomastoideum),  which  lies  at  the  ant( 
end  of  the  digjiatrio  groove,  and  transmits  the  facial  nerve  and  the  stylo-; 
artery.  Immediately  internal  to  the  styloid  process  tlu»re  is  a  deep, 
excavated  hollow,  the  jugular  fossa  (fossii  jugularis),  which  is  converted 
foramen  Q'ugular)  by  articulation  with  the  occipital  l.)one.  Behind  and  exter 
the  fossa  there  is  a  sii^all  quadrilateral  surface  of  variable  size,  which  is  united  J 
the  extremity  of  tlie  jugular  process  of  the  exoccipital  by  a  synchondrosia  Inr^ 
the  fossa,  on  its  outer  aspect,  or  placed  on  its  external  l»order,  is  the  opening  < 
small  canal  (canaliculus  mastoideus),  which  passes  outwards  to  open  into  the  < 
facialis,  and  transmits  the  auricular  branch  of  the  vagus  (Arnold's  nerve),  wh 
ultimately  escupes   through   the  auricular  fissure   (see  ciyUe).      In    front  of 

jugular  fossa  and  sep 

Tei.iiK.ral  Hurfaoe  jy^^^^  it  ^y  ^  sliarp  CreSt,! 

just  internal  to  the  tymj 
plate,  is  the  circular  of 
of  the  inferior  orifice  of  i 
carotid  canal  (canalis  < 
cus).  Directed  at  first 
wards,  this  canal  bends  i 
right  angle  and  turns  fij 
wards  and  inwards,  Iji 
parallel  to  the  anted 
border;  reaching  the  fijl 
part  of  the  apex  of  the  boi 
it  opens  in  front  by  I 
oblique  ragged  orifio 
Through  the  canal  the  k 
ternal  carotid  artery,  acoo|j 
panied  by  a  plexus  of  sjl 
pathetic  nerves,  passes  ii| 
the  cranium.  On  the 
of  bone  separating  the  jug 
fossa  from  the  carotid  < 
the  opening  of  a  small  cnij 
(canaliculus  tympanioilj 
through  which  the  tympuj 
branch  of  the  glosso-pharjij 
goal  (nerve  of  JacolNai 
I)asses  to  reach  the  tyi 
I)anum.  Within  the  onlli 
of  the  carotid  canal  anotb 
small  opening  or  openings  (canaliculi  carotici  tympanici)  may  be  noticed  whi 
allbrd  passage  to  the  tympanic  branches  of  the  internal  carotid  artery  and  caioti 
symiKithetic  plexus.  Occupying  the  interval  biitwecn  the  jugular  fossa  ai 
the  carotid  canal  on  the  inner  side  is  a  V-«haped  depression  (fossula  fenesti 
cochleje),  on  the  floor  of  which  and  close  to  the  postt^rior  border  is  the  orifioe  • 
the  aqueduct  of  the  cochlea  (apertura  externa  aqihTductus  ('(xjhleffi).  In  the  foa 
is  lodged  the  petrous  ganglion  of  the  glosso-])haryngc<il  nrrve,  and  t!ie  aquedo 
transmits  a  tubular  prolongation  of  the  dura  mater,  which  forms  a  channel  • 
communication  between  the  ]:)erilympli  of  tlie  cochlea  aiul  the  subamchnoid  spac 
A  small  vein  also  i>as.ses  through  it.  In  front  of  and  internal  to  the  orifice  ofU 
carotid  canal  the  under  surface  of  the  apex  of  tiir  bone*  corresponds  to  a  rouj 
quadrilateral  surface  which  forms  the  floor  of  tlie  carotid  (^mal,  and  also  serves  fi 
the  attachment  of  the  cartilaginous  j«irt  of  tin*  Eustachian  tube  as  well  as  tl 
origin  of  the  levator  jmlati  muscle ;  tOsewherc  it  has  jittar-hed  to  it  the  deni 
fibrous  tissue  which  fills  up  the  cleft  (petro-basilar  lissure)  l)etween  it  and  tl 
basilar  process  of  the  occipital  l)one. 
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be  superior  or  anterior  surface  bears  the  impress  of  the  convolutions  of  the 
surface  of  the  temporal  lobe  of  the  cerebrum,  wliich  rests  upon  it;  in 
}n,  there  is  a  distinct  but  shallow  depression  (impressio  trigemini)  near  the 
corresponding  to  the  roof  of  the  carotid  canal ;  in  this  is  lodged  the 
ian  ganglion  on  the  sensory  root  of  the  V.  cranial  nerve.  External  to  the 
of  the  upper  surface,  and  close  to  its  posterior  border,  is  the  elevation 
ntia  arcuata),  more  or  less  pronounced,  which  marks  the  position  of  the 
r  semicircular  canal  here  lodged  within  the  bone.  A  little  in  front  of  this,  and 
with  the  angle  formed  by  the  anterior  border  and  the  squamous  part,  is  the 
J  opening  of  the  hiatus  Fallopii  (hiatus  canalis  facialis),  within  the  projecting 
hicli  two  small  orifices  can  usually  be  seen.  These  are  the  openings  of  the 
rtng  Fallopii  (canalis  facialLs) ;  if  a  bristle  be  passed  through  the  inner  of  the 
^nings  it  will  be  observed  to  pass  into  the  bottom  of  the  internal  auditory 
if  into  the  outer,  it  will  pass  through  the  aqueduct  of  Fallopius,  and,  provided 
nnel  be  clear,  will  appear  on  the  under  surface  of  the  bone  at  the  stylo- 
.  foramen.     Leading  forwards  and  inwards  from  the  hiatus  towards  the 

•  border  is  a  groove ;  in  this  lies  the  great  superficial  petrosal  nerve  which 
)ut  of  the  hiatus.  A  small  branch  of  the  middle  meningeal  artery  also 
the  bone  here.  A  little  external  to  the  hiatus  is  another  small  opening 
ra  superior  canalis  tympanici),  often  difficult  to  see ;  from  this  a  groove  runs 
s  which  channels  the  upper  surface  of  the  roof  of  the  canal  for  the  tensor 
i  muscle.  Through  this  foramen  and  along  this  groove  passes  the  lesser 
ial  petrosal  nerve.  Behind  tliis,  and  in  front  of  the  axeuate  eminence,  the 
usually  thin  (as  may  be  seen  by  holding  it  up  to  the  light  falling  through 
imal  auditory  meatus),  roofing  in  the  cavity  of  the  tympanum  and  forming 
len  tympani  Externally  the  line  of  fusion  of  the  petrous  with  the  squamous 
)ften  indicated  by  a  faint  and  irregular  petro-squamous  fissure. 

most  conspicuous  object  on  the  posterior  surface  of  the  petrous  part  of  the 
the  internal  auditory  meatus  (meatus  acusticus  iuternus)  about  8  mm.  deep 
.dolt,  which  has  an  oblique  oval  aperture  and  leads  outwards  and  slightly 
irds  into  the  substance  of  the  bone,  giving  passage  to  the  auditory  and 
erves,  together  with  the  pars  intermedia  and  the  auditory  branch  of  the 
irt€ry.  The  canal  appears  to  end  blindly ;  but  if  it  be  large,  or  still  better,  if 
it  be  cut  away,  its  fundus  will  be  seen  to  be  crossed  by  a  horizontal  ridge,  the 
1  crest,  which  divides  it  into  two  fossie,  the  floors  of  which  (laminie  cribrosa^) 
ced  by  numerous  small  foramina  for  the  branches  of  the  auditory  nerve  and 
fels  passing  to  the  membranous  labyrinth,  whilst  in  the  fore  and  upper  part 
ligher  fossa  the  orifice  of  the  Fallopian  aqueduct  (canalis  facialis),  through 
he  facial  nerve  passes,  is  setm  leading  iu  the  direction  of  the  liiatus  Fallopii 
e).     External  to  the  internal  auditory  meatus  and  above  it,  close  to  the 

•  border,  an  irregular  depre^ssiou,  often  faintly  marked,  with  one  or  two  small 
a  opening  into  it,  is  to  be  noticed.  This  is  the  floccular  fossa  (fossa  subarcuata), 
n  in  young  bones,  where  it  forms  a  distinct  recess,  which  is  l)Ounded  above 
bulging  caused  by  the  superior  semicircular  canal,  within  the  concavity  of 
t  is  pliiced ;  it  lodges  a  prcxjess  of  the  dura  mater,  l^elow  and  external  to 
larated  from  it  by  a  smooth,  elevated  curved  ridge,  is  the  opening  of  the 
t  of  the  vestibule  (apertura  externa  aquieductus  vestibuli),  often  concealed 
row  curved  fissure  overhung  ))y  a  sharp  scale  of  bone.  In  this  is  lodged  the 
ndolymphaticus.  The  ridge  above  it  corresponds  to  the  upper  half  of  the 
r  semicircular  canal. 

ezions. — The  temporal  I >oiie  articulates  with  tlio  malar,  splum()i<l,  parietal,  and  occipital 
d  )»y  a  iiiovaMe  joint  with  the  inferior  maxilljL  Occa.sionally  the  temporal  articulates 
!  fniiital,  an  hajipens  normally  iu  the  anthropoid  apes;  although  the  region  of  the 
5^  p.  1.34;  irf  charact«'rised  bv  an  X-like  form  in  the  lower  races  of  man  there  is  uo 
that  the  occurrence  of  a  fronto-souamosiil  buturo  is  more  frequent  in  the  lower  than  the 
ices,  it.s  occurrence  being  due  to  the  manner  of  fusion  of  the  so-called  ej)ipteric  ossicles 
f^urrounding  bones. 

itectnre — The  temjMjral  lH)ne  is  remarkable  f<U'  the  hardness  and  density  of  it*  petroua 
rrein  ia  lodgwl  the  a«*seous  labyrinth  which  contains  the  delicatt;  organs  associated  with 
t  of  hearing  and  equilibration.     The  middle  ear  or  t3mipanuxn  is  a  cavity  which  contains 
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the  small  auditor^'  ossicles,  and  is  separated  from  the  external  aiiditorv  meatus  by  the  nieu 
tympani.  In  front  it  communicates  with  the  pharynx  by  the  Eustachian  tube ;  behind,  it 
into  the  mastoid  antrum  and  mastoid  air-cells  by  the  aditus  ad  antrum.      Superiorly 

separated  from  the  middle  cranial  foas 
thin  yilate  of  l)one  called  the  te^ien  tyi 
Injenorhu  its  floor  is  formed  in  part  1 
roof  of  the  jugular  fos-^^a  and  the  carotid 
Internally,  it  is  related  to  the  structupea 
form  the  inner  ear,  notabljr  the  cochli 
vestibule,  in  front  of  which  it  is  separate 
til  in  plate  of  bone  from  the  carotid 
Curving  over  the  cavity  of  the  tympai 
the  aqiueductus  Fallopii,  the  thin  wi 
wliich  are  occasionally  deficient  These » 
will  be  further  dealt  with  in  the  secti 
vote^l  to  the  Organs  of  Sense. 

Variations. — The  occurrence  of  a  defi 

in  tli+i  floor  of  the  external  auditory  me 

not  uncommon  in  the  adult     It  is  me 

commonly  in  the  child  till 

the  age  of  five,  and  is  due  to ; 

plete  ossification  of  the  tyi 

plate.      The    line    of    the 

squamosal    suture    is  occas: 

grooved  for  the  lodgment  of 

(l)etro-squamosal) ;  sometim 

posterior  end  of  this  is  cont 

with    a  canal  which    i>ierc 

superior  border  of   the  boi 

opens  into  the  lateral  sinus 

teriorly  the  croove  may  pa 

a  canal  which  pierces  the  i 

the  zygoma  ana  apjHjars  exti 

These  are  the  remains  of  channels  tl 

Symington  has  described  a  « 


Superior  oi)ening  of  the  canal  for  the 
lyiiipanic  bniiicU  of  glo8M)-phar>nigL'al 
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Fio.  91. — Vertical  Transvehsk  Section  thkough  Le^t 
Temporal  Bone  (.\nterior  Half  of  Section). 


above  the  ext^jrnal  extremity  of  the  Glascrian  fissure, 
which  the  blood  passed  in  the  foetal  condition  (see  ante). 
which  the  squamous  part  was  distinct  and  separate  fi-om  the  i-est  o?  the 
temporal  bone  in  an  adult;  whilst  Hyrtl  has  ob^erve^l  the  divii^ion  of 
the  temporal  squama  into  two  by  a  transvei-se  suture*  P.  P,  Luidkw 
{Joum.  Anat.  and  Physiol,  vol.  xxxvii.  p.  364)  dei^cribea  a  tempornl  tione 
in  which  there  was  absence  of  the  internal  auditory  meatuti  and  of  the 
stylo-mastoid  foramen.  The  jugular  fossa  also  wa^  aljsent,  and  ther* 
was  partial  absence  of  the  groove  for  the  lateral  si  nut*  associated  with 
the  presence  of  a  large  mastoid  foramen.  An  im?tance  of  a  rudimentary 
coiKiition  of  the  carotid  canal  is  also  referred  to  in  the  same  volume  hy 
G.  H.  K.  Macalister. 

G.  Cariblxj  {Anat.  Anz,  vol.  xx. 
p.  81)  notes  the  occurrence  in  idiots 
and  imbeciles  of  a  more  j)ronounced 
form  of  ixwt-gleiioid  tubtircle,  and 
associates  it  with  regressive  changes 
in  the  development  of  the  tempoi-al 
bone. 

Ossification. — The  petro- 
mastoid  portion  of  the  bone  is 
developed  by  the  deposition  of 
e«irtliy  matter  in  the  cartila- 
ginous ear  capsule  and  the  peri- 
chondrium lining  the  hibyrhith. 
The  sciuaraous  and  tympanic 
parts  are  ossified  in  mcmbnine. 

Ossification  couimcnces  in 
the  ear  capsule  in  the  fifth 
month,  and  proceeds  so  rapidly 
that   by  the  end   of   the  sixth 

month  the  hidividual  centres  arc  more  or  less  fused.  Of  these,  one  which  app 
the  vicinity  of  the  eminentia  arcuata  is  the  most  definite  in  position  and  form 
this  a  lamina  of  bone  of  spiral  form  is  developed,  which  covera  in  the  inner  1 
the  superior  semicircular  canal,  and  forms  the  roof  of  the  internal  auditory  n 
together  with  the  commencement  of  the  Fallopian  aijueduct.  Reaching  forwn 
extends  to  the  apex  of  the  petrous  part;   whilst  externally  it  forms  part  of  the 
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»f  the  tympanum,  surrounds  the  fenestra  ovalis,  and  encloses  within  its  substance 
OS  of   the  cochlea,  vestibule,  and   superior   semicircular   canal.      Another   centre 
re  in  the  yicinitj  of  the 
«itory  on  the  inner  wall  f^' 

tympanum,  SlUrOUnds  the  i      Jj     0-*««'o»k  EustacLian  canal 

la  rotunda,  forms  the  floor  \  /) 

e  vestibule,  and  extends 
is  to  complete  the  floor 
internal  auditory  meatus. 
iinding  the  cochlea  iu- 
y  and  externally,  it  com- 
the  floorof  the  tympanum, 
Itimately  blends  with  the 
md  under  part  of  the 
inic  ring.  The  carotid 
at  first  grooves  it,  and  is 
subsequently  surrounded 
According  to  Lambertz 
nina  spiralis  of  the  cochlea 
s  in  membrane.  The  roof 
tympanum  is  formed  from 
rste  centre,  which  extends 
ards  towards  the  superior 
rcnlar  canal,  and  encloses 
rmpanic  part  of  the  aquc- 
of  Fallopius ;  externally 
futre  unites  by  suture  with 
luamosal,  and  sends  down 
I  process,  which  appears 
en  the  lips  of  the  Glaserian 
t,  and  forms  the  outer  wall 
Eustachian  tube.    Nuclei, 
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Fig.  93.— Hurizontal  Section  through  IjVat  Temporal  Bone 
(Lower  Half  of  Section). 


single  or  multiple,  appear  in  the  base  of  the  petrous  part,  and  envelop  the  posterior 
Ltemal  semicircular  canals.  It  is  by  extension  from  this  part  that  the  mastoid  process 
imatelY  developed.  To  these  centres  the  terms  pro-otic,  opisthotic,  pterotic,  and 
:,  respectively,  have  been  applied  by  Huxley  and  others.  The  styloid  process,  an 
rndent  development  from  the  upper  end  of  the  cartilage  of  the  second  visceral  arch, 
fied  from  two  centres.  The  upper  or  basal  appears  before  birth,  and  rapidly  unites 
the  petro-mastoid,  the  tympanic  plate  encirclhig  it  in  front.  This  represents  the 
inohjal  of  comparative  anatomy.  At  birth,  or  subsequent  to  it,  another  centre 
re  in  the  cartilage  below  the  above  :  this  is  the  stylohyal.  Ankylosis  usually  occurs 
dt  life  between  the  tympanohyal  and  stylohyal,  the  union  of  the  two  constituting 
Kalled  styloid  process  of  human  anatomy. 

He' centre  from  which  the  squamo^zygomatic  develoj)s  appears  in  membrane  about 
id  of  the  second  month.  Situated  near  the  root  of  the  zygoma,  it  extends  forwards 
Hitwards  .into  that  process,  inwards  to  form  the  floor  oif  the  glenoid  fossa,  and 
fds  into  the  squamosal.  From  this  latter  there  is  a  downward  and  backward  exten- 
rhich  forms  the  post-auditory  process  ;  this  ultimately  blends  with  the  posterior  limb 
tympanic  ring,  being  separated  from  it  in  the  adult  by  the  auricular  fissiu'e.  It  forms 
liter  wall  of  the  mastoid  antrum,  and  constitutes  the  fore  and  upper  part  of  the 
•id  process  in  the  adult.  About  the  third  month  a  centre  appears  in  the  outer 
ininous  wall  of  the  tympanum :  from  this  the  tympanic  ring  is  developed.  Incom- 
al«ove,  it  displays  two  free  extremities.  Of  these,  the  anterior  is  somewhat  enlarged, 
inites  in  front  with  the  glenoid  portion  of  the  scjuamo-zygomatic,  being  separated 
it  by  the  (Flaserian  fissure  and  the  downgrowth  from  the  tegmen  tyinpani  ;  the 
ior  joins  the  post-auditory  process  of  the  s(|uamo- zygomatic  above  mentioned. 
,  it  blends  internally  with  the  portion  of  the  ])etro-mastoid  which  forms  the  floor  of 
nupauum,  and  ensheathes  the  tympanohyal  behind.  From  the  outer  side  of  the 
part  of  this  ring  two  tubercles  arise ;  those  grow  outwaixls,  and  so  form  the  floor 
5  external  auditory  meatus.  The  interval  between  tliem  remains  unossified  till 
the  age  of  five  or  six,  after  which  closure  takes  place.  This  deficiency  may,  how- 
persist  even  in  adult  life  (see  antey  Variations). 
.  birth  the  temporal  bone  can  usually  be  se])arated  into  its  component  parts.     TW 
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outer  surface  of  the  petrous  part  not  only  forms  the  inner  wall  of  the  tympani 
hollowed  out  behind  and  above  to  fonn  the  inner  side  of  the  mastoid  an 
outer  wall  of  which  is  completed  by  the  post-auditory  process  of  the  8<iuamo-3 
As  yet  the  mastoid  process  is  undeveloped.  It  only  assumes  it^  nipple-like  form 
second  year.     Towards  puberty  its  cancellous  tissue  becomes  permeated  with  i 

h 

\, 
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Fio.  94.  — A.    The  Outer   Surface  of  the  Right  Temi>oral   Bone  at 
Birth.    B.  The  same  with  Squamo-zygomatic  I'ortion  Removed. 

(The  lettering  is  the  same  in  both  A  and  B.)  «,  Tympanic  ring,  b,  Inner  wall 
of  tyni|)anurn.  c,  Fenestra  rotunda,  r/,  Foramen  ovale,  e,  Mastoiil. 
/,  Mastoid  process.  */.  Masto  -  .squamosal  suture,  with  foramen  for 
transmission  of  vessels.  //,  Squamo-zygomatio,  removed  in  tigure  B  to 
show  how  its  descending  process  forms  the  outer  wall  of  tlie  mastoid 
antrum. 


Fio.  94.— C.  Inner  i 
Right  Temporal  B 

(t^  Squamo  -  zygomati 
S(}uamosal  suture  ai 
above  the  en«l  of 
r,  Subarcuate  fosiia. 
ve.stibuli.  ^,  Aqua 
/,  Internal  audito 
Upper  end  of  caroti 


which  are  in  communication  with  and  extensions  from  the  mastoid  antrum.  Th 
auditory  meatus  is  unossificd  in  front  and  below,  the  outgrowth  from  the  tym] 
occurring  subseijuent  to  birth.  The  glenoid  fossa  is  shallow  and  everted ;  th 
fossa  is  ill-marked  ;  whilst  the  subarcuate  fossa  is  represented  by  a  deep  pit,  th< 
floccular  fossa  of  comparative  anatomy.  The  hiatus  Fallopii  is  an  oi>en  groove,  c 
at  either  end  the  openings  of  the  inner  and  outer  portions  of  the  Fallopian  aqucc 


The  Sphenoid  Bone. 

The  sphenoid  bone  (os  sphenoidale)  lies  in  front  of  the  basi-occipital 
and  the  temporals  on  either  side.     It  enters  into  the  formation  of  the 
orbital,  and   nasal  cavities,  as  well  as   the  temporal,  zygomatic,  pteryg 
spheno-maxillary  fossii).     It  consists  of  a  body  with  three  \mTQ  of  expan 
cesses,  the  great  wings,  the  lesser  wings,  and  the  pterygoid  processes. 

The  body  (corpus),  more  or  less  cubical  in  form,  is  hollow,  and  contain 
it  the  two  large  sphenoidal  air  sinuses.  These  are  separated  by  a  partitio 
is  usually  dellected  to  one  or  other  side  of  the  middle  line.  Each  sinus 
outwards  for  a  sliort  disUince  into  the  root  of  the  great  wing,  and  downwi 
outwards  towards  the  base  of  the  pterygoid  process  of  the  same  side 
communiciite  by  apertures  with  tlie  upjxjr  and  back  jmrt  of  the  nasal  fossse. 
adult  the  2>08terior  aspect  of  the  body  displays  a  sawn  surface  due  to  its  se 
from  the  Imsi-occipital  with  which  in  the  adult  it  is  firmly  ankylosed.  The 
surface,  from  the  fore  angles  of  which  the  lesser  wings  arise,  displays  an  ap 
comparable  to  that  of  an  oriental  saddle,  over  its  middle  there  is  a  deep  de 
the  sella  turcica  or  pituitary  fossa  (fossa  hyiHjphyseos),  in  which  is  lod 
pituitary  ])ody.  Behind,  this  is  overhung  by  a  sh)]>ing  ridge,  the  dorsnm  c 
posterior  surface  of  which  is  inclined  upwards,  and  is  in  continuation  v 
basilar  groove  of  the  occi]:)ital  bone.  Anteriorly  and  externally  the  angle 
ridge  project  over  the  pituitary  fossa  in  the  fonn  of  prominent  tubercles,  ca 
posterior  clinoid  processes  (processus  clinoidei  posteriores).  In  front  of  the  j 
fossa  there  is  a  transverse  elevation,  the  olivaxy  eminence  (tuberculun 
towards  the  outer  extremities  of  whicli,  and  somewhat  behind,  there  an 
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3  little  spurs  of  I)one,  the  middle  dinoid  processes  (procM'SSus  cUnoidei  mcdii). 
rout  of  the  olivary  eminence  is  the  optic  groove  (suIcuh  chiasmatis),  which 
?s  outwards  on  either  aide  to  become  continuous,  l»et\vei^u  tlie  roots  of  tlie 
r  wings,  with  the  optic  foramina. 


"^  Iliiiiinlar  pnM'fss 

Fk;.  95. — Si'HKNOlI)  AS  skex   kuom   Hkhinl). 

rbi*  groovr  is  liaMo  Ut  coiisidei-ahle  Viiriations,  aii<l  app»areutly  <l<>«*s  imL  al\vay.s  serve  for  tln^ 
HMtit  of  th«  optic  cliiasma.  (Lawrencr,  "  Proc.  Soc.  Anaf.,"  Jo  urn.  Anal,  and  Physiol 
xxTiiL  p.  18.) 

In  front  of  the  optic  groove,  from  wliich  it  is  often  separated  by  a  thin  sharp  edge, 
)  superior  surface  continues  forwards  on  the  same  piano  as  the  upper  surfaces  of 


Orblt&l  Mirftion 
Irirni*t«ni|JormI  crcsi 

fiphnhfi-fiiatflijiry  Riirfkcc 
Ri[1.firhftt  ptiirf^id  plate. 


Fig.  1*6. — SniENoin  as  rken  kuo.m  thk  Fiiont. 


kele»k'rwin<c(H,  and  terminates  anteriorly  in  a  ra^^^od  udge,  which  articulatos  witli 
fecrilirifonu  plate  of  the  ethmoid,  and  has  ot'tfu  prnjVctiii^'  from  it,  mo.sially.  a 
•inte^l  process,  tlie  ethmoidal  spine.  'J'ho  lafend  as/nr/s  (»!'  the  Ijody  are  fused 
fith  tfje  gn-at  wings,  and  in  part  also  with  the  roots  of  the  ptcry-^oid  prueosses. 
^wrving  along  the  side  of  the  body,  superior  to  its  aitaehmeiit  to  the  great  wing, 
»M  ^-sliaped  groove,  the  carotid  groove  (sulcus  caroticus),  which  murka  Uwi 
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position  and  course  of  the  internal  carotid  artery.     Posteriorly,  the  hinder  mai 
of  this  groove,  formed  by  the  salient  outer  edge  of  the  posterior  surface  of 
body,  articulates  with  the  apex  of  the  petrous  portion  of  the  temporal  bone, 
is  hence  called  the  petrosal  process ;  just  above  this,  on  the  lateral  border  of 
dorsum  sellce,  there  is  often  a  groove  for  the  sLxth  nerve. 

The  anterior  surface  of  the  body  displays  a  vertical  mesial  sphenoidal  e 
(crista  sphenoidalis),  continuous  above  with  the  ethmoidal  spine,  and  below  i 
the  pointed  projection  called  the  rostrum.  This  crest  articulates  in  front  with 
perpendicular  plate  of  the  ethmoid.  On  either  side  of  the  middle  line  are  seen 
irregular  openings  leading  into  the  sphenoidal  air  sinuses,  the  thin  anterior 
of  which  are  in  i)art  formed  by  the  absorption  of  the  sphenoidal  turbinated 
with  which  in  early  life  they  are  in  contact.  With  the  exception  of  a  broad  gra 
leading  downwards  from  the  apertures  above  mentioned,  which  enters  into 
formation  of  the  roof  of  the  nasal  fossa  of  the  corresponding  side,  the 
aspects  of  this  surface  of  the  bone  are  elsewhere  in  articulation  with  the 
masses  of  the  ethmoid  and  the  orbital  processes  of  the  palate  bones.  The 
is  continued  mesially  for  some  distance  along  the  inferior  surface  of  the 
where  it  forms  a  prominent  keel  which  fits  into  the  recess  formed  by  the 
the  vomer.  The  edges  of  the  latter  serve  to  separate  the  rostrum  from  the  incur 
vaginal  processes  at  the  roots  of  the  internal  pterygoid  plates.  Posteriorly 
under  surface  of  the  body  of  the  sphenoid  is  rougher,  and  covered  by  the  mi 
membrane  of  the  roof  of  the  pharynx ;  here,  occasionally,  a  median  depression 
be  seen  which  marks  the  position  of  the  inferior  extremity  of  a  foetal  cl 
called  the  canalis  cranio-pharyngeus. 

The  lesser  or  orbital  wings  (alse  parvse)  are  two  flattened  triangular  plata 
bone  wliich  project  forwards  and  outwards  from  the  fore  and  upper  part  of 
body  of  the  bone,  with  which  they  are  united  by  two  roots  which  enclose  hebm 
them  the  optic  foramina  (foramina  optica)  ibr  the  transmission  of  the  optic 
and  ophthalmic  arteries.  Of  these  roots,  the  posterior  springs  from  the  body, 
wide  of  the  olivary  eminence*,  separating  the  carotid  groove  behind  from  the  a 
foramen  in  front ;  externally  this  root  is  confluent  with  the  recurved  posterior  " 
of  the  lesser  wing,  forming  the  projection  known  as  the  anterior  clinoid 
(processus  clinoideus  anterior),  which  overhangs  the  fore  part  of  the  body  of 
bone.  The  anterior  root,  broad  and  compressed,  unites  the  upper  surface  of 
lesser  wing  with  the  fore  and  upj)er  part  of  the  body.  Externally  the 
angle  terminates  in  a  pointed  process  which  reaches  the  region  of  the  pterion 
there  articulates  with  the  frontal,  and  may  come  in  contact  with  the  great 
The  superior  aspect  is  smooth,  and  forms  in  part  the  floor  of  the  anterior 
fossa.  The  inferior  surface  constitutes  part  of  the  posterior  portion  of  the 
wall  of  the  orbit,  and  also  serves  to  roof  in  the  sphenoidal  fissure  which  sej 
the  lesser  from  the  greater  wings  below.  The  anterior  edge  is  ragged  and  i: 
and  articulates  with  the  orbital  plates  of  the  frontal.  The  posterior 
sharp  and  sickle-shaped,  separates  the  anterior  from  the  middle  cranial  fossa, 
corresponds  to  the  position  of  the  Sylvian  fissure  on  the  surface  of  the  cerebrum,  i 

The  greater  or  temporal  wings  (ate  niagnje),  as  seen  from  above,  are  of! 
somewhat  crescentic  form.  If  the  inner  convex  edge  of  the  crescent  be  dividl 
into  fifths,  the  posterior  fifth  extends  backwards  and  outwards  beyond  the  bodjM 
the  bone,  presenting  a  free  posterior  edge,  which  forms  the  anterior  boundary  of  11 
foramen  lacerum  medium.  This  border  ends  l>ehiud  in  the  horn  of  the  cresoflri 
from  which  a  pointed  process  projects  downwards,  called  the  alar  or  sphenoidal  qpC 
(spina  angularis),  this  is  wedged  into  the  angle  between  the  petrous  and  squamoi 
parts  of  the  temporal  bone.  The  inner  surface  of  the  posterior  border  and  spina 
furrowed  for  the  cartilaginous  Eustachian  tube  (sulcus  tuba;),  whilst  on  the  inn 
side  of  the  spine  the  courw*  of  the  chorda  tym])ani  nerve  is  indicated  by  a  grocM 
CLucas).  The  second  fifth  of  the  convex  border  of  the  crescent  is  fused  to  the  bM 
of  the  body  and  united  below  with  the  root  of  the  pterygoid  process.  The  ang 
formed  by  the  union  of  the  great  wing  with  the  side  of  the  body  posteriorly  coi* 
spends  to  the  hinder  end  of  the  carotid  groove,  the  outer  lip  of  which  is  formed  I 
a  projecting  lamina  called  the  lingnla.     The  remaining  three-fifths  of  the  convc 
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r  is  divisible  into  two  nearly  equal  parts ;  the  inner  is  a  free,  curved,  sharp 
n,  which  forms  the  inferior  margin  of  the  sphenoidal  fissure  (fissura  orbitalis 
ior),  the  cleft  which  separates  the  great  wing  from  the  lesser  wing,  and  which 
lishes  a  wide  channel  of  communication  between  the  middle  cranial  fossa  and 
ivity  of  the  orbit,  transmitting  the  t!iird,  fourth,  ophthalmic  division  of  the 
and  the  sixth  cranial  nerves,  together  with  the  ophthalmic  veins.  Wide  of 
phenoidal  fissure  this  edge  b^omes  broad  and  serrated,  articulating  with  the 
111  bone  internally,  and  at  the  part  corresponding  to  the  anterior  horn  of  the 
?nt,  by  a  surface  of  variable  width,  it  unites  with  the  anterior  inferior  angle 
le  parietal  lx)na  The  external  border  corresponds  to  the  concave  side  of 
rescent,  and  is  serrated  for  articulation  with  the  squamous  temporal,  being 
and  bevelled  at  the  expense  of  its  outer  surface  above  and  externally,  and 
I  and  thick  behind  as  it  passes  towards  the  alar  spine.  The  superior  or 
ti/  surface  is  concave  from  behind  forwards,  and  in  its  fore  part  from  side  to 
dso ;  it  forms  a  considerable  i>art  of  the  floor  of  the  middle  cranial  fossa,  and 
I  the  impress  of  the  convolutions  of  the  extremity  of  the  temporal  lobe  of  the 
rum  which  rests  upon  it ;  towards  its  outer  side  it  is  grooved  obliquely  by  an 
ior  branch  of  the  middle  meningeal  artery.  The  following  foramina  pierce 
^reat  wing :  close  to  and  in  front  of  the  alar  spine  is  the  foramen  spinosum 
he  transmission  of  the  middle  meningeal  artery  and  its  companion  vein, 
her  with  a  recurrent  branch  from  the  tliird  division  of  the  V.  nerve.  In 
of  and  internal  to  this,  and  close  to  the  posterior  free  border,  is  the 
Ml  oTile,  of  large  size  and  elongated  form.  This  gives  passage  to  the 
r  root  and  inferior  sensory  division  of  the  V.  nerv^e,  and  admits  the  small 
ngeal  branch  of  the  middle  meningeal  artery ;  a  small  emissary  vein  from  the 
■nous  sinus  usually  passes  through  this  foramen,  and  occasionally  also  the 
I  superficial  petrosal  nerve.  Near  the  fore  part  of  the  root  of  the  great  wing, 
just  below  the  sphenoidal  fissure,  is  the  foramen  rotundiun,  of  smaller  size  and 
lar  form.  Through  this  the  second  division  of  the  V.  nerve  escapes  from  the 
mm.  Occasionally  there  is  a  small  canal — the  foramen  of  Vesalius — which 
es  the  root  of  the  great  wing  to  the  inner  side  of  the  foramen  ovale.  This 
I  below  into  the  scaphoid  fossa  at  the  base  of  the  internal  pterygoid  plate,  and 
onits  a  small  vein.  Occasionally  there  is  a  small  foramen  (canaliculus 
miDatus)  to  the  inner  side  of  the  foramen  spinosum  for  the  transmission  of 
imall  superficial  petrosal  nerve. 

rhe  ouUr  surface  of  the  great  wing  is  divided  into  three  well-marked  areas ;  of 
e  the  upi)er  two  are  separated  by  an  oblique  jagged  ridge,  the  malar  crest 
rgo  zygomaticus),  for  articulation  with  tht^  orbital  j)roct'ss  of  the  malar  bone. 
fewer  part  of  this  ridge  may  occasionjilly  articulate  with  the  malar  process  of 
eaperior  maxilla.  Of  these  two  areas  tlie  orbital  (facies  orbitalis)  is  directed 
irds  and  a  little  inwards ;  of  quadrilatL*ral  shape,  it  forms  the  back  and  outer 
1  of  the  orbit;  plane  and  smooth,  it  is  bounded  behind  ])y  the  sharp  inferior 
margin  of  the  sphenoidal  fissure,  towards  the  inner  extremity  of  which  a 
led  spine  for  tlie  attachment  of  the  interior  coniniou  li^'amont  of  origin  of  the 
ar  muscles  can  usually  be  seen.  It  is  limited  suj)erii»rly  by  the  edge  of  a  rough 
igular  area  which  articulates  with  the  frontal  bone ;  anteriorly  by  the  malar 
t;  whilst  inferiorly  a  free,  well-defined  horizontal  margin  constitutes  the 
erior  and  external  boundary  of  the  splieno-niaxillary  fissure  (fissura  orbitalis 
rior),  which  separates  this  part  of  the  bone  from  the  orbital  plate  of  the  superior 
ilia.  Below  this  border  there  is  a  grooved  surface  which  leads  inwards  toward 
(siiice  of  the  foramen  rotunduni.  In  the  articulated  skull  this  forms  part  of 
posterior  wall  of  the  spheno-maxillary  fossa. 

To  the  outer  side  of  the  malar  crest,  which  bounds  it  in  front,  is  the  temporal 
.  ffacies  temporalis),  concavo-convex  from  before  backwards.  It  slojies  inwards 
w,  where  it  is  separated  from  tlie  zygomatic  area  l)y  a  well-marked  muscular 
e,  the  infra-temporal  crest  or  pterygoid  ridge  (crista  infratemporalis).  Behind, 
temporal  surface  is  bounded  by  the  margin  of  the  gn^at  wing  which  articulates 
1  the  squamous  temporal,  and  above  t)y  the  edge  which  unites  it  with  the 
lior  inferior  angle  of  the  parietal  and  the  frontal  bone.     The  temporal  auita^^ 
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enters  into  the  formation  of  the  floor  of  the  fossa  of  the  same  name,  and  a£ 
extensive  attachment  to  the  fibres  of  origin  of  the  temporal  muscle.     The  3 
surfkce  (facies  infratemporalis),  situated  below  the  infra-temporal  crest,  cor 
to  the  under  surface  of  the  posterior  half  of  the  great  wing;  it  extends  as  hxl 
as  the  alar  spine  and  posterior  border.     Opening  on  it  are  seen  the  orifices  of  j 
foramen  spinosum  and  ovale.     It  is  slightly  concave  from  side  to  side, 
confluent  internally  with  the  outer  surface  of  the  external  pterygoid  plata 
front  it  is  bounded  l)y  a  ridge  which  curves  upwards  and  outwards  from  the  i 
part  of  the  external   pterygoid  plate  to  join   the  infratemporal  crest.     In_ 
articulated  skull  this  ridge  forms  the  posterior  boundary  of  the  pterygo-i 
fissure.    The  zygomatic  surface  overhangs  the  zygomatic  fossa,  and  affords  an  i 
for  the  upper  head  of  the  external  pterygoid  muscle. 

The  pterygoid   processes  (processus   pterygoidei)  spring   from   the 
surface  of  the  lateral  aspect  of  the  body  as  well  as  the  under  side  of  the : 
the  great  wings,  and  pass  vertically  downwards.     Each  consists  of  two  lamino^^ 
external  and  internal  pterygoid  plates,  fused  together  anteriorly,  and  enc 
between  them  posteriorly  the  pterygoid  fossa  (fossa  pterygoidea).     The 
pterygoid  plate  (lamina   lateralis  processus  pterygoidei),  thin  and   expand 
directed  obliquely  backwards  and  outwards,  its  lower  part  being  often 
everted.     Its  hinder  edge  is  sharp,  and  often  has  projecting  from  it  one  or 
spines,  to  one  of  which  (processus  pterygo-spinosus)  the  pterygo-spinous 
which  stretches  towards  the  alar  spine  is  attached.     Externally  it  fumisl] 
origin  for  the  lower  head  of  the  external  pterygoid  muscle,  and  on  its  inner  i 
where  it  forms  the  lateral  wall  of  the  pterygoid  fossa,  it  supplies  an  attact 
the  internal  pterygoid  muscle. 

The  internal  pterygoid  plate  (lamina  medialis  processus  pterygoidei)  is  na 
and  somewhat  stouter.  By  its  inner  aspect  it  forms  the  posterior  part  of  ^ 
lateral  wall  of  the  nasal  fossae;  externally  it  is  directed  towards  the  pt  ^^ 
fossa.  Its  posterior  edge  ends  below  in  the  hook -like  hanmlar  process  (hami 
pterygoidei),  which,  reaching  a  lower  level  than  the  external  plate,  curveii  " 
wards  and  outwards,  furnishing  a  groove  in  which  the  tendon  of  the  tensor  ] 
muscle  glides ;  superiorly,  the  sharp  posterior  margin  of  the  inner  plate  bif 
so  as  to  enclose  the  shallow  scaphoid  fossa  from  which  the  tensor  palati  ml 
arises,  and  wherein  may  occasionally  be  seen  the  inferior  aperture  of  the  fo 
Vesalii.  To  the  inner  edge  of  this  fossa,  as  well  as  to  the  posterior  border  of  1 
internal  pterygoid  plate,  the  i)haryngeal  aponeurosis  is  attached  Here,  too^^ 
cartilage  of  the  Eustachian  tube  is  supported  on  a  slight  projection,  and  the  ' 
pharyngeus  muscle  receives  an  origin,  whilst  the  superior  constrictor  of  the  ph 
arises  from  the  lower  third  of  the  same  border  and  from  the  hamular 
Superiorly  and  internally  the  inner  plate  forms  an  incurved  lamina  of  bone,  j 
vaginal  process  (processus  vaginalis),  which  is  applied  to  the  under  surface  oti 
lateral  aspect  of  the  body  reaching  inwards,  towards  the  root  of  the  rostrum,  f 
which,  however,  it  is  separated  by  a  groove,  in  which,  in  the  articulated  skull,  ^ 
ala  of  the  vomer  is  lodged.  The  angle  formed  by  the  vaginal  process  and 
internal  edge  of  the  scaphoid  fossa  forms  a  i>rojection  called  the  pterygoid  tab 
immediately  above  which  is  the  posterior  aperture  of  the  Vidian  canal  (c 
pterygoideus),  through  which  the  Vidian  nerve  and  artery  are  transmitted.  Qui 
under  surface  the  vaginal  process  displays  a  groove  (sulcus  pterygo-palat 
which  iu  the  articukted  skull  is  converted  into  the  pterygo-palatine  canal  by^l 
union  with  the  palate  bone.  In  front,  at  its  root,  the  pterygoid  process  display' 
broad  smooth  surface  (facies  spheno-maxillaris),  which  is  confluent  above  with 

root  of  the  great  wing  around  the  foramen  rotuudum,  and  forms  the  i)Osterior  ' . 

of  the  spheno-maxillary  fossa.  Here,  to  the  inner  side  of  the  foramen  rotoindi^j 
is  seen  the  anterior  opening  of  the  Vidian  canal.  Below,  the  pterygoid  plates  4 
separated  by  an  angular  cleft,  the  pterygoid  notch  (fissura  pterygoidea) ;  in  thisj 
lodged  the  tuberosity  of  the  palate  bone,  the  margins  of  which  articulate  with  tt 
serrated  edges  of  the  recess. 

CtonnexioilS. — The  sphenoid  articulates  with  the  occipital,  temporals,  parietala,  fhmti 
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sphenoidal  turbinals,  vomer,  palate  and  malar  bones,  and  occasionally  with  the  superior 

itectare. — In  the  adult  the  body  of  the  bone  is  hollow  and  encloses  the  sphenoidal  air 
illy  two  in  number,  separated  by  a  septum.  The  arrangement  and  extent  of  these  air 
;  sometimes  they  are  multilocular,  at  other  times  simple,  while  occasionally  they  extend 
Is  into  the  basi-occipital  and  outwards  and  downwards  into  the  roots  of  the  great  wings 
rgoid  processes.  Cases  are  on  record  in  which  in  the  adult  the  body  of  the  bone  was  not 
ic. 

itioilB. — Through  imperfect  ossification  the  foramen  spinosum  and  foramen  ovale  are 
»  incomplete  posteriorly.  Le  Double  (BulL  et  miiru  de  la  Soc,  (TAntk  de  Parisj  5^  ser. 
I.  550),  records  a  case  in  which  the  foramen  rotund um  and  the  sphenoidal  fissure  were 
>  as  to  form  a  single  cleft 

iigh  deficiency  of  its  external  wall,  the' optic  foramen,  in  rare  instances,  communicates 
?  sphenoidal  fissure.  Duplication  of  the  optic  foramen  is  also  recorded  as  a  rare 
:e,  the  artery  passing  through  one  canal,  the  nerve  through  the  other.  Persistence  of 
o- pharyngeal  canal  is  also  occasionally  met  with.  On  the  other  hand,  owing  to  the 
>n  of  fibrous  bands  connecting  the  several  bony  points,  anomalous  foramina  are 
y    met    with.      Cases    of   persistence    of   the    cranio -pharyngeal    canal    have    been 

ification. — The  sphenoid  of  man  is  formed  by  the  fusion  of  two  parts,  the  pre- 
1  and  the  post-sphenoid,  each  associated  with  certain  processes.  In  most  mammals 
to-sphenoids  or  lesser  wings  fuse  with  the  pre-sphenoid,  whilst  the  alisphenoids  or 
snugs,  together  with  the  internal  pterygoid  plate,  ankylose  with  the  post-sphenoid, 
fication  of  these  several  parts  takes  place  in  cartilage,  with  the  exception  of  the 
pterygoid  plate,  which  is  developed  from  an  independent  centre  in  the  connective 
the  lateral  wall  of  the  oral  cavity  (Hertwig). 

he  end  of  the  second  month  a  centre  appears  in  the  root  of  the  great  wing  between 
men  ovale  and  foramen  rotundum ;  from  this  the  ossification  spreads  outwards  and 
ds  and  also  downwards  into  the  external  pterygoid  plate.  Meanwhile  two  centres 
liout  the  same  time  in  the  basi-spheiioid  in  relation  to  the  floor  of  the  sella  turcica  and 
r  side  of  the  cranio-pharyngeal  canal,  around  which  they  ossify,  ultimately  leading 
bliteration  of  this  channel.  Somewhat  later  a  centre  appears  on  either  side,  from 
le  lateral  aspect  of  the  body  and  the  lingula  are  developed.  Fusion  between  these 
itrea  is  usually  complete  by  the  sixth  month. 

he  pre-sphenoid  a  pair  of  lateral  nuclei  make  their  appearance  about  the  middle  of 
d  month,  just  external  to  the  optic 
a;  from  each  of  these  the  orbito- 
Is  (lesser  wings)  and  their  roots  are 
ed.  About  the  same  time  another 
centres,  placed  mesial  to  the  optic 
a,  constitute  the  body  of  the  pre- 
d.  By  the  coalescence  of  these  in 
nd  their  ultimate  union  with  the  basi- 
d  behind,  a  cartilaginous  interval  is 
i,  of  triangular  shape,  which,  however, 
i  gradiuilly   reduced    in    size    by    the  J?'io.  97.— Ossification  ok  Sphenoid. 

h  of    its   margins    so    as   to   form    two    ^/.Pre-spbenoid;  6,Orbito-8pheiioias;  r.Alisplienoids; 
r- placed     foramina,    as    may    be     fre-         </,  Tnterual  pterygoid  plates  ;e,  Basi-sphenoid. 
observed  in  young  bones — one  open- 

the  surface  of  the  olivary  eminence,  the  other  being  placed  anteriorly.  (Lawrence, 
Soc.  Anat.,"  Joum,  Anat.  and  Physiol,  vol.  xxviii.  p.  19.) 

ULS  been  seen,  the  internal  pterygoid  plates  are  developed  in  membrane  and  are  the  first 
the  sphenoid  to  ossify.  (Fawcett,  Atuit.  A u:.,  vol.  xxvi.  1905,  p.  280.)  Each  is  derived 
nngle  nucleus  which  appears  about  the  ninth  or  tenth  week,  and  fuses  with  the  under 
of  the  great  wing,  there  forming  a  groove  which  is  converted  into  the  Vidian  canal 
fie  alisphenoid  and  internal  pterygoid  plates  fuse  later  with  the  body  of  the  post- 
d.     The  hamular  process,  however,  chondrifies  before  it  ossifies  during  the  third 

Fawcett  also  regards  the  external  pterygoid  plate  as  of  membranous  origin. 
birth  the  sphenoid  consists  of  three  parts  :  one  comprising  the  orbito-sphenoids 
r  xi-ith  the  body  of  the  pre-sphcnoid  and  tlie  basi-splieuoid,  the  others  consisting  of 
phenoids,  one  on  either  side.  Fusion  of  the  latter  with  the  former  occurs  near  the 
the  first  year.  The  dorsum  sella  at  birth  consists  of  a  cartilaginous  plate  which 
t»  the  body  of  the  post-sphenoid  from  the  basi-oecipital.  This  slowly  ossifies,  but 
:ilage  does  not  entirely  disapi)car  till  the  age  of  twenty-five,  by  which  time  bony  anky- 
the  ba&i-cranial  axis  is  complete.     For  a  considcmble  time  the  under  surface  oC  the 
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body  of  the  pre-sphenoid  displays  a  bullate  appearance,   with  the  sides  of  which 
sphenoidal  turbinated  bones  articulate.     It  is  only  after  the  seventh  or  eighth 
reached  that  the  cancellous  tissue  within  this  part  of  the  bone  becomes  absorbed  to  i 
the  sphenoidal  sinuses. 

The  sphenoidal  turbinals  (conchje  sphenoidales),  or  Iwnes  of  liertin,  best  stu 
childhood,  are  formed  by  the  fusion  of  four  distinct  ossicles  (Clelaud),  the  cent 
which  appear  in  the  later  months  of  utero-gestation.     Each  bone  consists  of  a  hollow^  1 
sided  pyramid,  the  apex  of  wliich  is  in  contact  with  the  fore  part  of  the  vaginal  _ 
the  internal  pterygoid,  whilst  the  base  fits  on  to  the  posterior  surface  of  the  latend  1 
of  the  ethmoid.     The  inferior  surface  of  each  forms  the  roof  of  the  corresjwnding 
fossa,  and  completes  the  formation  of  the  8i)heno-palatine  foramen,  whilst  the  ext 
aspect  is  united  with  the  palate  bone  and  forms  the  imier  wall  of  the  spheno-n 
fossa,  and  occasionally  constitutes  a  part  of  the  orbital  wall  posterior  t<>  the  os  plana 
the  ethmoid.     The  superior  surface  of  the  sphenoidal  turbinal  is  applied  to  the  forai 
under  surface  of  the  body  of  the  pre-sphenoid  on  either  side  of  the  rostrum.     It  is  \ 
absorption  of  this  wall  that  the  sphenoidal  sinuses  are  ultimately  opened  up.     The  ' 
of  the  pyramid  forms  tiie  aperture  through  which  each  of  these  sinuses  opens  intxd 
nasal  fossa*  in  the  adult.     Owing  to  their  firm  ankylosis  with  the  surrounding  bones,  i 
ossicles  are  merely  represented  in  the  adult  distirticulated  skull  by  the  irregular  fri 
adherent  to  the  separated  Iwrders  of  the  ethmoid,  palate,  and  sphenoid  bones. 

Thb  Ethmoid  Bone. 

The  ethmoid  bone  (os  ethmoidale)  lies  in  front  of  the  sphenoid,  and  oooq| 
the  interval  between  the  orbital  plates  of  the  frontal,  thus  entering  into  the  f 
tion  of  the  anterior  cranial  fossa  as  well  as  the  inner  walls  of  the  orbits  and  \ 
roof  and  inner  and  outer  walls  of  the  nasal  fossiw.     The  bone,  which  is  ext 
light,  consists  of  two  cellular  parts — the  lateral  masses,  which  are  united  suf 
to  a  mesial  vertical  plate  by  a  thin  horizontal  lamina  which,  from  its  perfo 
condition,  is  called  the  cribiiform  plate. 

The  study  of  this  bone  will  bo  much  facilitated  by  cutting  through  the  cril 
plate  on  one  side  of  the  vertical  plate,  thus  removing  the  lateral  mass  of  one  side  i 
exposing  more  fully  the  central  perpendicular  lamina. 

The  vertical  plate  (lamina  i)erpendicularis),  of  irregular  i)entagonal  shape,  1 
the  upper  part  of  the  nasal  septum.     Its  superior  border  projects  above  the  T 

the  cri})riform  plate  so  as  to  fa 
crest,  which  is  much  elevated 
teriorly,  where  it  terminates 
bullate  process  called  the  cri8ta| 
the  up^jer  edge  of  which  is  shatpi 
pointed,  and  affords  attachment 
the  falx  cerebri.  In  front  of 
process  there  is  a  groove 
separates  the  alar  processes  _ 
cessus  alares)  which  project  from! 
crista  gaUi  on  either  side.  Byi 
ticulation  with  the  frontal  bone  f ' 
groove  is  converted  into  a 
the  foramen  caBcum;  this,  hov 
is  not  always  blind,  but  freqi: 
transmits  a  vein  to  the  roof  of 
nose.  The  posterior  margin  of 
vertical  ]>late  is  thin,  and  artioulal 
with  the  crest  of  the  sphenfll 
The  posterior  inferior  border  in  the  adult  is  ankylosed  with  the  vomer;  ai 
the  anterior  inferior  edge,  which  is  usually  thicker  than  the  others,  unites  tdl 
the  cartilaginous  nasal  septum.  The  anterior  superior  border  articulates  with  t^ 
nasal  spine  of  the  frontal  bone  and  with  the  median  crest  formed  by  the  union;) 
the  two  nasal  bones.  The  vertical  plate,  which  is  usually  deflected  to  one  or  otili 
side,  has  generally  smooth  surfaces,  except  above,  where  they  are  channelled  1 
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tid  shallow  grooves  leading  to  the  foramina  which  pierce  the  cribriform  plate ; 
re  for  the  lodgment  of  the  olfactory  nerves. 

!  lateral  mass  or  labyrinth  (labyrinthus)  is  composed  of  papery  bone, 
ig  a  large  number  of  air-cells;  these  are  arranged  in  three  groups — an 
r,  a  middle,  and 
?rior,  the  walls  of 
have  been  broken 
it,  above,  behind, 
3I0W,  in  the  pro- 
r  disarticulation, 
ally  they  are 
in  by  a  thin,  ob- 
imina,  the  orbital 
or  08  iilanimi 
la  papyracea), 
forms  a  part  of 
ner  wall  of  the 
and  articulates 
with  the  orbital 
of  the  frontal, 
here  roofs  in  the 

dal  cells.  The  line  of  this  suture  is  pierced  by  two  canals,  the  anterior  and 
»r  etlimoidal  canals,  both  of  which  transmit  small  ethmoidal  vessels,  whilst 
terior  also  gives  passage  to  the  nasal  nerve.  In  front  the  os  planum  articu- 
•ith  the  lachrymal  bone ;  whilst  lelow,  by  its  union  with  the  orbital  surface 
superior  maxillary  lione,  the  air-sinuses  in  both  situations  are  completed, 
'/>rly  the  os  planum  articulates  with  the  sphenoid,  and  at  its  posterior 
r  angle  for  a  variable  distance  with  the  orbital  process  of  the  palate  bone, 
f  which  serve  to  close  in  the  air-cells.  The  mesial  aspect  of  the  lateral  mass 
ra  the  convoluted  turbinated  processes,  usually  two  in  number,  though 
»nally  there  may  be  three — rarely  more.  In  cases  where  there  are  two 
tutinals  they  are  separated  posteriorly  by  a  deep  groove.  A  channel  is 
Dnned  in  the  back  part  of  the  lateral  and  upper  asi)ect  of  the  nasal  fossae, 
the  saperior  meatus,  which  is  roofed  in  by  the  superior  turbinated  process 
la  superior),  whilst  its  floor  is  formed  by  the  upj)er  surface  of  the  middle 
itad  process  (concha  media).     The  posterior  ethmoidal  cells  open  into  this 

meatus.  In  front  of  the  superior  meatus, 
which  only  grooves  the  posterior  half  of 
this  aspect  of  the  bone,  the  surface  is 
rounded  irom  above  downwards  and  before 
backwards,  and  forms  the  inner  wall  of 
the  anterior  and  middle  ethmoidal  cells. 
Kunnin^  obliquely  from  above  downwards 
and  backwards  over  the  mesial  surface  of 
the  superior  concha,  are  a  number  of  line 
grooves  continuous  abovt*  with  the  fora- 
mina in  the  cribriform  plate ;  these  are 
fewer  and  more  scattered  in  front,  do  not 
])ass  on  to  the  middle  concha,  and  are  for 
the  olfactory  nerves. 

The  middle  turbinated  process  (concha 
;  is  nearly  twice  the  length  of  the  su|)erior.  Its  anterior  extremity  is  united 
short  distance  to  the  superior  turbinated  crest  on  the  inner  sid(^  of  the 
I  proce^  of  the  sui)erior  maxilla.  By  its  thickened,  free  convoluted  bordt^r 
iiangs  a  deep  groove  which  runs  along  the  under  surface  of  the  lateral  mass. 
s  the  middle  meatns  of  the  nose.  It  receives  the  opi^nings  of  the  middle 
idal  cells  and  a  passage  which  runs  upwards  and  forwards  from  it,  the 
talnm.  This  communicates  with  the  anterior  ethmoidal  cells  and  the 
I  sinus.  The  outer  side  of  the  middle  meatus  is  formed  by  the  thm  mwex 
10 
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walls  of  the  ethmoidal  cells.  Curving  downwards,  backwards,  and  a  litt 
wards  from  the  roof  of  the  fore-part  of  this  meatus  is  the  uncinate  procei 
cessus  uncinatus).    This  bridges  across  the  irregular  opening  on  the  inner 

the  maxillary  sinus,  and 
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ciisugwiH  lates   inferiorly  with    th 

moidal  process  of  the  i 
turbinated  bone.  The 
extremity  of  the  middle  1 
ated  bone  articulates  wi 
ethmoidal  crest  on  the  t 
plate  of  palate  bone. 

Thecribriform  plate( 

criLrosa)     is      the      hor 

lamina     which     connect 

lateral  masses  with  the  ^ 

plate,  much  in  the  same  i 

as  the  cross  limb  of  a  ca] 

-UfbfyTiittipr(x;es8  is   arranged.      It   occupi 

interval    between     the 

plates     of    the     frontal 

""-^  Inferior  roofiug  in   the  nasal   foe 

HirbiimtPti  bone  fcriorly,  and  superiorly  f< 

ithtiiuhL^i  pitx^feiih  on  either  side  of  the  crisi 

Fin.  101.— Showing  Articulation  of  Inperioh  Turbinated     ^^^  shallow  olfactory  gnx 
Bonk  with  Ethmoid.  which,  in   the  recent  con 

the  olfactory  lobes  of  th 
brum  are  lodged.     Numerous  foramina  for  the  transmission  of  the  olfactory 
pierce  this  part  of  the  bone;   those  to  the  inner  and  outer  sides  of  the 
are  the  largest  and  most  regular   in   their 
arrangement.     Along  the  outer  edges  of  the 
cribriform  plate  two  notches  can  usually  be 
distinguished;    when    articulated    with    the 
frontal  bone  these  form  the  inner  openings  of 
the  ethmoidal  canals.     Leading  forward  from 
the  anterior  of  these  there  is  often  a  groove 
which  crosses  to  the  side  of  the  crista  galli, 
where  it  ends  in  a  slit  which  allows  of  the 
transmission  of  the  nasal  nerve  to  the  nose. 
Posteriorly  the  cribriform  plate  articulates 
with  the  ethmoidal  spine  of  the  sphenoid. 

OonnexionB. — The  ethmoid  ai-ticulates  with  the 
sphenoid  and  sphenoidal  turbinals,  the  frontal,  the 
two  nasals,  two  superior  maxillic,  two  lachrymals, 
two  inferior  turbinals,  two  palates,  and  the  vomer. 

Variations. — The  size  of  the  os  planum  is  liable 
to  considerable  variations.  In  the  lower  races  it  tends 
to  be  narrower  from  above  downwards  than  in  the 
higher,  in  this  respect  resembling  the  condition  met 
with  in  the  anthropoids.  The  os  planum  may  fail  to 
articulate  with  the  lachrj-mal  owing  to  the  union  of  the  frontal  with  the  orbital  proca 
superior  maxilla  in  front  of  it  (Orbito-maxillary  frontal  suture.  A.  Thomson,  Jiwr 
and  Physiol.  voL  xxiv.  p.  349.)  Division  of  the  os  planum  by  a  vertical  suture  into  an 
and  i)08terior  part  has  been  frequently  recorded.  Tiie  numlxT  of  the  turbinals  may  be  ii 
from  two  to  lour,  or  may  be  PMuced  to  one.  (Report  of  Committee  of  Collect  Invest 
Anat.  and  PhytdoL,  vol.  xxviiL  p.  74.) 

OssificatiX)n  takes  place  in  the  cartilage  of  the  nasal  capsule.  Pkch  lateral  ii 
one  centre,  which  appears  about  the  fourth  or  fifth  rnontii  in  the  neighbourhood 
OS  planum.  From  this  the  laminw  around  the  ethmoidal  air  cells  are  formed  wl 
complete  at  birth,  the  air-sinuses  in  this  instance  not  being  formed  by  the  abe 
of  cancellous  bone.  From  these  centres  the  turbinals  are  also  developed,  and  the 
are  ossified  at  the  ninth  month. 
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At  birth  the  OBsiiied  lateral  masses  are  united  to  the  central  cartilaginous  plate  by  a 
pous  layer.  Two  centres  niake  their  appearance  in  the  mesial  cartilage  on  either  side 
I  the  root  of  the  crista  galli  about  the  end  of  the  first  year ;  from  these,  the  crista  galli 
id  the  Tertical  plate  are  ossified  as  well  as  the  mesial  part  of  the  cribrifonu  plate,  the 
ten!  portions  of  which  are  derived  from  an  inward  extension  of  the  lateral  mass. 

Ossitication  is  usually  complete  about  the  fifth  or  sixth  year.     About  the  twenty-fifth 

Kbonj  union   has  taken  place  between  the  cribriform  plate  and  the  sphenoid,  but 
^  losis  between  the  vertical  plate  and  the  vomer  is  not  usual  till  the  fortieth  or  forty- 
teiyear. 

^  Wormian  Bones. 

Along  the  line  of  the  cranial  sutures  and  in  the  region  of  the  fontanelles,  isolated 
M  of  irregular  form  and  variable  size  are  occasionally  met  with.  These  are  the 
ladled  Wormian  bones,  named  after  the  Danish  anatomist  Wormius.  They  arc  also 
siiturul  or  epactal  bones.  Their  presence  depends  on  the  fact  that  they  are  either 
Ncbped  from  distinct  ossific  nuclei,  or  it  may  be  from  a  division  of  the  primary  ossific 
it.  Their  occurrence  may  also  be  associated  with  certain  pathological  conditions 
modify  the  development  of  the  bone.  They  usually  include  the  whole  thickness 
the  cranial  wall,  or  it  may  be  only  involve  the  outer  or  inner  tables  of  the  cranial 
They  are  most  frequent  in  the  region  of  the  lambda  and  the  lambdoid  suture. 
occur  commonly  al)out  the  pterion,  and  in  this  situation  are  called  epipteric  bones 
er).  By  their  fusion  with  one  or  other  of  the  adjacent  bones  they  here  lead  to  the 
of  a  fronto-squamosal  suture.  Their  presence  has  also  been  noted  along  the 
»(if  the  sagittal  suture,  and  sometimes  in  metopic  skulls  in  the  inter-frontal  suture. 
ff  are  occasionally  met  with  at  the  asterion  and  more  rarely  at  the  obelion.  They 
leas  frequently  in  the  face,  but  their  presence  has  been  noted  around  the  lachrymal 
and  also  at  the  extremity  of  tlie  spheno-maxillary  fissure,  where  they  may  form  an 
dependent  nodule  wedged  in  between  the  great  wing  of  the  sphenoid,  the  malar,  and 
superior  maxillary  bones. 

BONES  OF  THE  FACE. 

The  bones  of  the  face  (ossa  faciei),  fourteen  in  number,  comprise  two  8ui>erior 
iuilke,  two  palates,  two  malars,  two  lachrymals,  and  two  nasals,  together  with  the 
lomer  and  inferior  maxilla. 

The  Superior  Maxillary  Bones. 

The  superior  ni5LTi11g>  (maxillae),  of  which  there  are  tw^o,  unite  to  form  the 
ipj^r  jaw.  Each  consists  of  a  body,  with  which  are  connected  four  projections, 
luied  respectively  the  zygomatic,  frontal,  alveolar,  and  palatal  processes. 

The  body  (corpus)  is  of  pyramidal  form,  and  contains  within  it  a  hollow  called 
tkntnim  or  maxillary  air-siiias.  It  has  four  surfaces — an  antero-external  or  facial, 
•  postero-extemal  or  zygomatic,  a  supercj-exterual  or  orbital,  and  an  internal  or 
■BiL  The  antero-external  or  £Eu;ial  surface  (facies  anterior)  is  confluent  below  with 
it  alveolar  process.  Above,  it  is  separated  from  the  orbital  aspect  })y  the 
fkftiortital  maxgin  (margo  infraorbitalis),  whilst  internally  it  is  limited  by  the  free 
■ngin  of  the  nasal  notch,  which  ends  below^  in  the  pointed  anterior  nasal  spine 
(^iai  nasalis  anterior).  Posteriorly  it  is  separated  from  the  zygomatic  surface  by 
it  inferior  border  of  the  zygomatic  process.  The  facial  aspect  of  the  bone  is  ridged 
^  the  sockets  of  the  teeth  Cjuga  alveolaria).  The  ridge  corresponding  to  the  root 
if  she  canine  tooth  is  usually  the  most  pronounced;  internal  to  this,  and  overlying 
tke  roots  of  the  incisor  teeth,  is  the  shallow  incisive  or  mjrrtiform  fossa,  whilst 
fitted  externally,  on  a  higher  level,  is  the  deeper  canine  fossa,  tfie  floor  of  which 
ifonued  in  part  by  the  projecting  zygomatic  process.  Above  this,  and  near  the 
inftwrbital  margin,  is  the  infraorbital  foramen,  the  external  opening  of  the 
it&aorbital  canal,  which  transmits  the  infraorbital  nerve*  and  artery.  The  postero- 
^ttfnuU  or  zygomatic  surface  is  separated  above  from  the  orbital  aspect  by  a 
nandfid  free  edge,  which  forms  the  antt^rior  margin  of  the  spheno-maxillary  fissure 
in  ihe  articulated  skull.  Inferiorly  and  in  front  it  is  separated  from  the  facial 
ftiriaie  by  the  zygomatic  process  and  its  free  lower  border.     Internally  it  is  limited 
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Fio.  103.  — RiOHT  Superior  Maxilla  (Outer  View). 


by  a  sharp,  irregular  margin  with  which  the  palate  bone  articulates.  This  si 
is  more  or  less  convex,  and  is  directed  towards  the  zygomatic  and  spheno-maz 
fossae.     It  is  pierced  in  a  downward  direction  by  the  apertures  of  the  poi 

dental  canals  (fon 

alveolaria),      two 

more  in  number,  \ 

Lftchryirai  groove       fi  ^]^Ht  transmit     the     ( 

spending  nerves 
vessels  to  the  i 
teeth.  Its  lower 
slightly  more  p 
nent  where  it  overl 
the  root  of  the  wi 
molar,  is  often  < 
the  tuberoBity  ( 
maxillare).  Thew 
external  or  orbitii 
face  (planum  orbi 
smooth  and  plai 
triangular  in  shap 
forms  part  of  the 
of  the  ojrbit.  Iti 
terior  edge  corres] 
to  the  infrao 
margin ;  its  pes 
border  coincides 
the  anterior  booi 

of  the  spheno  maxillary  fissure.  Its  thin  inner  edge,  which  may  be  regarded  i 
base  of  the  triangle,  is  notched  in  front  to  form  the  lachrymal  groove  (sulcus 
malis),  behind  which  it  articulates  with  the  lachrymal  bone  for  a  short  dist 
then  for  a  greater  length 

with  the  OS  planum  of  the  ^'*^^  ^'^^*» 

ethmoid,  and  terminates 
iwsteriorly  in  a  surface 
for  articulation  with  the 
orbital  process  of  the 
palate  bone.  Its  ex- 
ternal angle  corresponds 
to  the  outspring  of  the 
zygomatic  process.  Tra- 
versing its  substance  is 
the  infraorbital  canal,  the 
an  terior  opening  of  which 
has  been  already  noticed 
on  the  fticial  aspect  of  the 
body.  Behind,  however, 
owing  to  deficiency  of  its 
roof,  the  canal  forms  a 
groove  which  lips  the 
edge  of  the  bone  which 
constitutes  the  anterior 
boundary  of  the  spheno- 
maxillary fissure.  If  this 
canal  be  laid  open,  the 
orifices  of  the  middle  and 
anterior    dental    canals 

will  be  seen,  which  tiunsmit  the  corresponding  vessels  and  nerves  to  the  bic 
and  incisor  teeth.  The  inner  or  nasal  sur&ce  (facies  nasalis)  of  the  be 
directed  inwards  towards  the  nasal  fossae.     Below  it  is  confluent  with  the 
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of  the  palatal  process ;  in  front  it  is  limited  by  the  sharp  edge  of  the 
lotch ;  above  and  in  front  it  is  continuous  with  ttie  inner  surface  of  the 

process ;  behind  this  it  is  deeply  channelled  by  the  lachrymal  groove,  which 
erted  into  a  canal  by  articulation  with  the  lachrymal  and  inferior  turbinated 
The  channel  so  formed  conveys  the  nasal  duct  from  the  orbital  cavity 
to  the  inferior  nasal  meatus  below.  Behind  this  groove  the  upper  edge  of 
ea  corresponds  to  the  inner  margin  of  the  orbital  surface,  and  articulates 
jefore  backwards  with  the  lachrymal,  os  planum  of  the  ethmoid,  and  the 
.  process  of  the  palate  bone.  The  posterior  border,  rough  for  articulation 
he  palate  bone,  is  traversed  obliquely  from  above  downwards  and  slightly 
Is  by  a  groove,  which,  by  articulation  with  the  palate  bone,  is  converted  into 
iterior  iHfclatme  or  palato-maxillary  canal  which  transmits  the  descending  pala- 
rtery  and  great  palatine  nerve.  Towards  its  upper  and  hinder  part  the  nasal 
s  of  the  body  displays  the  irregular,  more  or  less  triangular,  opening  of  the 
I  (sinus  maxillaris).  This  aperture,  which,  in  the  articulated  skull  opens 
le  middle  meatus  of  the  nose,  is  much  reduced  in  size  by  articulation  with 
ichrymal,  ethmoid,  palate,  and  inferior  turbinal  bones.  In  front  of  the 
mal  groove  the  inner  surface  is  ridged  horizontally  by  the  inferior  turbinated 
crista  conchalis),  to  which  the  inferior  turbinated  bone  is  attached.  Below 
he  bone  forms  the  outer  wall  of  .the  inferior  nasal  meatus,  receiving  the 
lation  of  the  lachrymal  groove.  Above,  and  for  some  Uttle  distance  also  on 
ner  side  of  the  frontal  process,  it  constitutes  the  smootli  outer  wall  of  the 
L  of  the  middle  meatus. 

le  zygomatic  or  malar  process  (processus  zygomaticus),  which  is  placed  on 
iter  surface  of  the  body,  is  confluent  anteriorly  with  the  facial  surface  of  the 

posteriorly,  where  it  is  concave  from  side  to  side,  with  the  zygomatic  surface ; 
i  superiorly,  where  it  is  rough  and  articular,  it  forms  the  apex  of  the  triangular 
1  plate,  and  supports  the  malar  bone.  Inferiorly,  its  anterior  and  posterior 
es  meet  to  form  an  arched  border,  which  fuses  with  the  alveolar  process 
;te  the  root  of  the  first  molar  tooth,  and  serves  to  separate  the  facial  from  the 
latic  a.sj)ects  of  the  body. 

ie  flrontal  or  nasal  process  (processus  frontaUs)  rises  from  the  upper  and 
art  of  the  Ixxiy.  It  has  two  surfaces — one  external,  the  other  internal.  The 
ai  is  divided  into  two  by  a  vertical  ridge  (crista  lachrymalis  anterior),  which 
;  upward  extension  of  the  infraorbital  margin.  The  narrow  strip  of  bone 
1  this  ridge  is  hollowed  out,  and  leads  into  the  lachrymal  groove  below. 
ri«»rly  the  eilge  of  the  frontal  process  here  articulates  with  tlie  lachrymal,  and 
OLs  the  fossa  for  the  lodgment  of  the  lachrymal  sac  (fossa  sacci  lacrimaUs). 
jDt  of  the  vertical  crest,  to  wliich  the  tendo  oculi  is  attached,  the  external 
e  is  confluent  below  with  the  facial  aspect  of  the  body,  and  forms  the  side  of 
wt  of  the  nose.  Its  anterior  edge  is  rough,  or  grooved,  for  articulation  with 
asal  bone.  Superiorly  the  summit  of  the  process  is  serrated  for  articulation 
;he  nasal  notch  of  the  frontal  bone.  The  injier  surface  oi*  the  nasal  process  is 
ed  towards  the  nasal  fossa;.  It  is  crossed  obliquely  from  below  upwards  and 
arda  by  a  ridge — the  agger  nasi  or  superior  turbinated  crest  (crista  ethnioidalis). 

this  the  bone  m  smooth  and  forms  the  upj)er  part  of  tho  atrium,  whilst  the 
itself  articulates  posteriorly  with  the  fore-part  of  the  middle  turbinated  bone, 
1  by  the  inferior  turbinated  process  of  the  ethmoid  bone. 
»e  alveolar  process  (processus  alveolaris)  projects  from  the  under  surface  of 
dy  of  the  heme  below  the  level  of  the  })alatal  process,  of  curved  form,  it 
ete*«,  with  its  fellow  of  the  opposite  side,  the  alveolar  arch,  in  which  are 
Ided  in  .sockets  or  alveoli  the  roots  of  the  teeth  of  the  up])er  jaw ;  ordinarily 

adult,  when  dentition  is  complete,  each  alveolar  process  supports  eight  teeth. 
Dg  the  inner  surface  of  the  alveolar  border  behind  the  incisor  teeth  two 
VcLSCular  foramina  are  usually  visible.  When  any  or  all  the  teeth  are  shed 
veoli  become  absorbed,  and  the  process  may  under  these  circumstances  be 
d  to  the  level  of  the  plane  of  the  palatal  process.  Posteriorly  the  alveolar 
8  ends  below  the  tuberosity  of  the  body ;  anteriorly  it  shares  in  the  formation 
jntgrmaTillary  satore. 
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The  palatal  process  (processus  palatinus),  of  the  form  of  a  quadrant,  lies  in 
horizontal  plane;  it  has  two  surfaces — upper  and  under — and  three  borders,  a 
internal,  a  more  or  less  straight  posterior,  and  a  curved  external,  by  which 
it  is  attached  to  the  inner  side  of  the  body  and  alveolar  process  as  far  back 
interval  between  the  second  and  third  molar  teeth.     Its  under  surface, 
with  that  of  its  fellow,  forms  the  anterior  three-fourths  of  the  vaulted  hard 
it  is  rough  and  pitted  for  the  glands  of  the  mucous  membrane  of  the  roof  of 
mouth,  and  is  grooved  on  eitlier  side  near  the  alveolar  margin  by  a  channel 
passes  forward  from  the  posterior  palatine  canal  and  transmits  the  great 
nerve  and  descending  palatine  artery.     Its  superior  surface,  smooth  and 
from  side  to  side,  forms  the  floor  of  the  corresponding  nasal  fossa.     Its  i 
mesial  border,  broad  and  serrated,  rises  in  a  ridge  superiorly,  so  as  to  form  withj 
fellow  of  the  opposite  side  the  nasal  crest  (crista  nasalis),  which  is  grooved  supeik 
to  receive  the  lower  border  of  the  vomer.     In  front  of  its  articulation  with  1 
vomer  this  ridge  rises  somewhat  higher,  l)eing  named  the  incisor  crest,  anterioC 
which  it  projects  beyond  the  free  border  of  the  nasal  notch,  and  together  wiih^ 
fellow  forms  the  pointed  projection  called  the  anterior  nasal  spine  (spina 
anterior).     These  parts  support  the  septal  cartilage  of  the  nose.     Immediai 
the  outer  side  of  the  incisor  crest  the  superior  surface  of  the  palatal  pi 
pierced  by  a  foramen  which  leads  downwards,  forward,  and  a  little  inwards,  to 
into  a  broad  groove  on  the  mesial  border  of  the  bone  immediately  behind 
central  incisor  tooth.     When  the  two  maxillae  are  articulated,  the  two 
form  the  oval  anterior  palatine  canal  or  fossa,  into  which  the  two  aforementi 
foramina  open  like  the  limbs  of  a  Y ;  these  are  called  the  incisor  forainiii%  or 
foramina  of  Stensen,  and  contain  the  remains  of  the  organs  of  Jacobson.     in  ' 
and  l)ehind  these,  and  lying  within  the  fossa  and  in  the  line  of  the  suture,  aie| 
smaller  foramina  of  Scarpa,  which  transmit  the  naso-palatine  nerves,  the  right  iMl 
usually  passing  through  the  posterior  foramen,  the  left  through  the  anterior.    1| 
posterior  border  of  the  palatal  process,  which  is  sharp  and  thin,  falls  in  line  lA 
the  interval  between  the  second  and  third  molar,  and  articulates  with  the  horinfl| 
plate  of  the  palate  bone. 

The  maxillary  sinus  or  antrum  of  Highmore  (sinus  maxillaris)  lies  within  1 
body  of  the  bone,  and  is  of  corresponding  pyramidal  form,  its  base  being  direoi 
towards  the  nasal  fossa,  with  the  middle  meatus  of  which  it  communicatei^ -I 
summit  extending  outwards  into  the  root  of  the  zygomatic  process.  It  is  da 
in  externally  and  above  by  the  thin  walls  which  form  the  facial,  zygomatio,4i 
orbital  surfaces  of  the  body.  Inferiorly  it  overlies  the  alveolar  process  in  wfaj 
the  molar  teeth  are  implanted,  the  sockets  of  which  are  separated  from  it  by  a  tl 
layer  of  bone. 

Advantage  is  taken  of  this  circumstance  to  pierce  the  tloor  of  the  antrum  in  Buch  oonditi 
as  necessitate  its  tliorougb  drainage,  as  its  natural  outlet  into  the  middle  meatus  is  of  the  nal 
of  an  overflow  aj)erture,  an(i  so  prevent*  imrulent  fluids,  wliich  may  here  accumulate,  from  U 
readily  discharged. 

The  angles  and  corners  of  this  cavity  are  frequently  groined  by  narrow  rid( 
of  bone,  one  superiorly  corresponds  to  the  relief  formed  by  the  infraorbital  oal 
A  vascular  and  nervous  groove  is  often  exix)sed,  curving  along  the  floor  of  i 
antrum  just  above  the  alveoli  of  the  teeth.  The  interior  of  the  cavity  is  lined 
an  extension  from  the  mucous  membrane  of  the  nose. 

OonnezionB. — The  suj>erior  maxillary  bone  articulat4.*s  with  the  nasal,  frontal,  lachryi 
an<l  ethmoid  Iwnes  alxjve,  externally  with  the  malar,  and  occasionally  with  the  sphoi 
l>osteriorly  and  internally  with  the  mlate,  whilst  on  iU  inner  side  it  unites  with  its  felloi 
the  opixwite  side,  and  also  supports  the  inferior  turbinated  Umv  and  the  vomer. 

Ajxhitectnre.  -  The  disjiosition  of  the  maxillary  sinus  witliin  the  iKxly  of  the  lx)ne  has  I 
alrea<ly  refernnl  to.  In  union  with  its  fellow,  the  vault(»fl  arrangement  of  the  hard  palate  is  i 
displayed,  and  the  arclied  arrangement  of  the  sujxirior  alveolar  jirocesses  is  obvioua  It  ii 
these  latter  processes  anmnd  the  sockets  for  the  i-eception  of  the  teeth  that  the  cancellous  ti 
of  the  bone  is  seen ;  elsewhere  its  walls  are  formed  by  thin  and  dense  l»one. 

Variations. — Not  unfrt^(juently  there  is  a  suture*  running  vertically  through  the  bar  of  \ 
which  separates  the  infraorbital  foramen  from  the  infraorbital  margin.  Through  imperfect 
in  ossification  the  infraorbital  canal  may  form  an  open  groove  along  the  floor  of  the  orbit 
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itfication. — The  superior  maxillae  are  developed  in  the  connective  tissue  around 
I  aperture  of  the  embryo.     The  centres  from  which  the  bone  ossifies  are  not 

I  by  a  cartilaginous  stage.  Their  number  is  uncertain,  as  early  fusion  occurs 
them.     They  first  make  their  appearance  in  the  second  month  of  intrauterine 

tiy  after  the  clavicle  has  begun  to  ossify.  By  the  sixth  month  they  are  so  \mited 
T  independent  character  is  obscured.  Five  centres  are  described — ^an  external  or 
rhieh  forms  the  bone  to  the  outer  side  of  the  infraorbital  canal ;  an  inner  or 
w/,  from  which  is  developed  the  inner  part  of  the  floor  of  the  orbit,  the  frontal 
and  the  wall  of  the  antrum ;  a  paiuttne,  for  the  posterior  three-fourths  of  the 
rocess ;  a  nasal,  situated  between  the  frontal  process  and  the  canine  tooth ;  and 
lis  and  nearer  the  middle  line  and  below,  an  incisive  centre,  from  which  the  pre- 
are  developed,  thus  forming  the  anterior  fourth  of  the  palatal  process  in  the 
xi  the  early  stages  of  the  development  of  the  bone  the  alveolar  groove,  in  which 

are  developed,  lies  close  below  the  infraorbital  groove,  and  it  is  not  till  later 
y   become   separated    by   the   growth   of   the  „ 

which  firHt  makes  its  appearance  as  a  shallow 
he  iuuer  side  of  the  orbi to-nasal  element  about 
Lh  month.  In  the  adult  bone  the  course  of  the 
tal  canal  and  foramen  indicates  the  line  of  fusion 
)ito-nafial  and  malar  elements,  whilst  the  position 
tenor  palatine  canal  serves  to  determine  the  line 

of  the  incisive  with  the  palatal  elements.  In 
to  the  foregoing  centres,  Ilambaud  and  Renault 
another  which,  together  with  its  fellow,  is  wedged 
en  the  incisive  and  the  palatal  elements  beneath 
T,  thus  explaining  the  Y-shaped  arrangement  of 
tnina  of  Stensen,  which  open  into  the  anterior 
canal. 

pranazills,  which  in  most  vertebrates  arc  in- 
nt  bones  lying  in  front  of  the  superior  maxillas, 
A  in  man  and  apes  the  portions  of  the  upper 
ch  lie  in  front  of  the  anterior  palatine  foramen, 
|K)rt  the  superior  incisor  teeth.  They  arc  de- 
from  the  incisive  centres  above  described  ;  the 
Qsdon  of  these  elements  with  the  maxilhe  proper 
lily  lie  seen  in  young  skulls,  and  occasionally 
the  adult.      It  corresjwnds   to   a  suture  which 

II  the  piilat^?  obliquely  outwards  and  forwards, 
e   anterior    palatine   foramen    to   the    interval 

the  lateral  incisor  and  the  canine  tooth.  In 
alveolar  cleft  palate  the  adjacent  bones  fail  to  A,  OuUt  side ;  B,  Inner  side  ;  C, 
jng  the  line  of  the  suture.  In  some  instances,  ^'»^*^^  «i^«-  ««  ^'^*^  P^«^*^"« '  *• 
,  the  cleft  passes  outwards  between  the  central 
ral  incisor  teeth,  and  this  condition  suggests  the 
:ion  th.at  the  preniaxillary  element  is  derived 
1  centres — a  lateral  and  a  mesial.  The  researches 
echt  and  Warinski  have  confirmed  this  view. 
:er  anatomist  further  observes  that  the  lateral  cleavage  may  lead  to  a  division  of  the 
:erm  of  the  lateral  incisor  tooth,  and  so  explain  the  occurrence  of  the  supernumer- 
sor  which  is  occasionally  met  witli.  In  this  way  the  different  varieties  of  cleft 
re  readily  explained  ;  mesial  cleft  palate  being  due  to  failure  of  union  between  the 
maxillary  Ixjnes.  Litteral  cleft  palate  may  be  of  two  types :  the  cleft  in  one  case 
forward  between  the  central  and  lateral  incisor,  and  being  due  to  the  non-union 
two  elements  from  which  the  premaxilla  is  primarily  developed ;  the  other,  in 
he  cleft  passes  between  the  lateral  incisor  and  the  ciinine,  or  between  the  lateral 
and  a  supenmmerary  incisor,  owing  to  the  imperfect  fusion  of  the  premaxilla 
r  with  the  maxilla. 


Fio.  105.— Ossification  of  Superior 
Maxilla. 


Orbital  plate ;  c,  Anterior  na.sal 
spine  ;  </,  Infraorbital  j^roove  ;  e, 
Infraorbital  foramen  ;  /.  Anterior 
]»alatine  groove  ;  </,  Palatal  process  ; 
h,  Pi-emaxillary  suture  ;  ?,  Alveolar 
process. 


The  Malak  Bones. 

5  malar  bone  (os  zygomaticum)  underlies  the  most  prominent  part  of  the 

and  is  hence  often  called  the  cheek-bone.     Placed  to  the  outer  side  of  the 

cavity,  it  forms  the  sharp  external  border  of  that  hollow,  and  serves  tiO 
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separate  that  space  from  the  temporal  and  zygoiDatic  fossae,  which  lie 
below,  it  rests  upon  and  is  united  to  the  superior  maxilla ;  behind,  it  ent 
the  formation  of  the  zygomatic  arch  which  bridges  across  the  temporal  foasa. 

As  viewed  from  the  outer  side,  the  bout'  ia  convex  from  aide  to  side,  i 
four  angles,  of  which  three  are  prominent.      These  are  the  ascending  or 
(processus  fronto-sphenoidalis),  the  anterior  or  pointed  extremity  of  the  mni 
border,  and  the  posterior  or  temporal  (processus  temporalis). 

The  most  elevated  part  of  the  convex  outer  gurjac^  (faciea  anterior)  forma  ' 
malar  tuberosity.    The  processus  temporalis,  sometimes  called  tlie  zygomatic  pn 
ends  posteriorly  in  an  oblique  edge,  which  articulates  with  the  extremity  i 
zygomatic  process  of  the  temporal  bone.     The  &ontal,  the  most  prominent  of] 
processes,  is  united  superiorly  to  the  external  angular  pnxess  of  the  frontal  \ 
The  edge  between  the  frontal  and  temporal  processes  ift  thin  and  sharp;  it  i 
attachment  to  the  temporal  fa,scia,  and  near  its   upper  end  there  is  uBual 
pronounced  angle  (processus  marginalis),  formed  by  a  sudden  change  in  the  i 
tion  of  the  border  of  the  bone.     It  is  just  l)elow  this  point  that  the  temp 
branch  of  the  orbital  nerve  becomes  cutaneous.     The  lower  margin  of  the  temp 
process  is  somewhat  thicker  and  rounded;    it  extends  downwards  and  for 
towards  the  inferior  angle,  where  the  hone  articulates  with  the  superior  ma 


Frontal  procowi  FroutJil  proceiui 


fJrhit«l  KUrftkce-  

.Ofbiuli 


^^^  ^^^^  ^  fNjnliff  For  ftrtlc-ulatioii 

MABReteriq  '^^^y^^^^^^^  with  iiTi|iHtfrif>r 


A  B 

Fiu.  106.— RioHT  Malar  Bone.     A,  Ovitc-r  Side  ;  B,  Inner  ^ide. 

and  is  there  confluent  with  the  ridge  which  separates  the  facial  from  the  zygou 
aspect  of  the  upper  jaw.  This  edge  of  the  bone  is  sometimes  called  the  siassebec 
border,  since  it  affords  attachment  to  the  fibres  of  origin  of  the  masseter  musd 
Sweeping  downwards  in  front  of  the  frontal  process  is  a  curved  edge  whfi 
terminates  inferiorly  in  a  pointed  process.  This  border  forms  the  outer  and,  | 
part,  the  inferior  margin  of  the  orbital  cavity.  Between  the  anterior  extremity  < 
the  masseteric  edge  and  the  pointed  anterior  angle  tliere  is  an  irregular  suture  li 
which  the  bone  is  joined  to  the  maxilla.  The  opening  of  tlie  malar  canal  (forami 
zygomatico-faciale)  is  seen  on  the  outer  surface  of  the  bone ;  its  size  and  positid 
are  very  variable. 

The  7nesial  aspect  of  the  bone  is  distinguished  by  a  curved  elev^atM  crest,  calll 
the  orbital  procesB,  which  extends  inwards  and  backwards,  and  is  confltM 
externally  with  the  orbital  margin.  This  process  has  two  surfaces — one  an  tend 
which  forms  a  part  of  the  outer  and  lower  wall  of  the  orbit,  and  one  posterio 
which  is  directed  towards  the  temporal  fossa  above  and  the  zygomatic  fossa  beloi 
The  free  edge  of  the  orbital  process  is  thin  and  serrated  ;  a  little  below  its  middle; 
is  usually  interrupted  by  a  ncm-articular  notch,  which  corresi>onds  to  the  anteii 
extremity  of  the  spheno-maxillary  fissure.  The  part  above  this  articulates  with  ll 
great  wing  of  the  sphenoid,  the  portion  below  witli  the  orbital  plate  of  the  supeS 
maxilla.  Behind  the  orbital  process  the  inm^r  surttwje  of  the  bone  is  concave  frofl 
side  to  side,  and  extends  backwards  along  the  mesial  aspect  of  the  temporal  proott 
and  upwards  over  the  posterior  half  of  the  inner  side  of  the  frontal  process,  thi 
entering   into  the   formation   of  the  zygomatic   and  temporal  foasse   respectivd' 
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dial  surface  of  the  orbital  process  usually  displays  the  openings  of  two 
foramina  zygomatic -orbitalia) — one  which  traverses  the  bone  below  the 
nargin  and  appears  on  the  front  of  the  bone  as  already  described,  the  other 
»sse8  obliquely  upwards  and  outwards   through  the   orbital  process  and 

in  the  temporal  fossa,  to  the  inner  side  of  the  frontal  process  (foramen 
ico-temporale).  The  former  transmits  the  ramus  subcutaneous  mala^;  the 
le  temporal  branch  of  the  orbital  nerve. 

w  the  orbital  process  there  is  a  rough  triangular  area,  bounded  externally 
naxillary  border.     This  articulates  with  the  malar  process  of  the  superior 

and  occasionally  forms  the  outer  wall  of  the  aatrum. 

"TM^M^ — ^The  malar  Iwne  articulates  with  the  frontal,  sphenoid,  superior  maxilla,  and 
bone& 

itectnre. — In  structure  the  bone  is  compact,  with  little  cancellous  tissue.  Together 
zygomatic  process  of  the  temporal  bone  it  forms  the  buttress  which  supports  the  superior 
md  the  outer  orbital  wall  externally.  Additional  strength  is  imparted  to  the  bone  by 
lar  mode  of  union  of  its  orbital  and  facial  parts. 

ktions. — Cases  of  division  of  the  malar  bone  by  a  horizontal  suture  have  been  recorded, 
i  instances  of  its  separation  into  two  parts  by  a  vertical  suture.  Owing  to  the  supposed 
[uent  occurrence  oi  this  divided  condition  in  Asiatics  the  malar  has  been  named  tne  os 
m.  Barclay  Smith  ("Proc  Anat  Soc,"  Jour.  Anat  and  Physiol.^  April  1898,  p.  40) 
a  case  in  which  the  malar  bone  was  divided  into  two  parts,  an  upper  and  lower,  by  a 
I  extension  of  the  maxilla,  which  articulated  with  the  zygomatic  process  of  the  temporal, 
ning  a  temporo-maxillary  arch.  Varieties  of  a  like  kind  have  also  been  described  by 
nd  others.  Cases  have  been  noted  where,  owing  to  deficiency  in  the  development  of  the 
i»*  continuity  of  the  zygomatic  arch  has  been  incomplete. 

Location. — The  malar  ossifies  in  niembraue.  Its  basis  appears  about  the  tenth 
a  thin  ossifying  lamiua  which  corresponds  to  the  orbital  margin,  attached  to 

bere  is  a  backward  expansion  corresponding  to 

r  of  the  bone ;  from  this  posteriorly  there  extends 

lent  of  the  temporal  process.     On  the  inner  side, 

re  the  angle  formed  by  the  orbital  and  temporal 

,  there  appears  a   secondary  thickening,  which 

(  into   a  cap- shaped   layer  which   fits  into   the 

ind   ultimately  forms   the   surface   of   the  bone 
to    the    temporal    fossa.       Below    the    orbital  ciuivHhniijd  process 

on    the   inner   side,    and    extending    backwards        y^^  107. -Inner  Sukface  of 
the    temporal    process,    is    another    secondary  Malar  Bone  at  Bihth. 

:iijr  which  forms  a  club-shaped  nodule,  the  thick 

which  is  directed  forwards,  whilst  posteriorly  it  forms,  in  part,  the  lower  margin 
bixly  and  temporal  process.      The  overlap  of  these  several  parts  leads  to  the 

Ml  of  gnwves  which  mav  persist  in  the  adult  as  sutures.      (Karl  Toldt,  junr., 

'U*  A  Ira  J.  (les  Wiss.,  Wieu.  July  1902.) 


The  Nasal  Bones. 

5  nasal  bones  (ossa  nasalia),  two  in  number,  lie  in  the  interval  between  the 
processes  of  the  superior  maxilUe,  there  forming  the  root  or  l)ridge  of  tlie 
Each  bone  is  of  elongated  quadrangular  form,  having  two  surfaces — an 
ind  outer — and  four  borders.  The  external  surface,  somewhat  constricted 
its  middle,  is  convex  from  side  to  side,  and  slightly  concavo-convex  from 
lown wards.  Near  its  centre  there  is  usually  the  opening  of  a  nutrient  canal. 
*  inUrnal  surfax^e  is  not  so  extensive  as  the  external,  as  the  superior  and 
T  articular  borders  encroach  somewhat  upon  it  above.  Concave  from  side  to 
id  also  from  above  downwards,  it  is  covered,  in  the  recent  condition,  by  the 
§  membrane  of  the  nose.  Running  downwards  along  this  surface  is  a 
gro^jve  (sulcus  ethmoidalis)  which  transmits  the  internal  nasal  nerve.  The 
T  or  internal  border,  narrow  below,  is  thick  above,  and,  in  conjunction  with 
ow  at  the  opposite  side,  with  which  it  articulates,  forms  a  median  crest 
orly,  which  is  united  to  the  nasal  8j)ine  of  the  frontal,  the  vertical  plate  of 
imoid,  and  the  septal  cartilage  of  the  nose,  in  that  order  from  above  down- 
The  posterior  or  external   border,  usually  the   longest,  is   serrated  and 
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bevelled  to  fit  on  to  the  anterior  edge  of  the  frontal  process  of  the  superior 
The  superior  border  forms  a  wide  toothed  surface,  which  articulates  with  t 

part  of  the  nasal  notch  of  th 

bone  anteriorly ;  whilst,  behin 

in  contact  with  the  root  of  1 

^^^  ^  process  of  the  same  bone.    Th< 

I      ^'^^^\  /fii/ii/^  border  is  thin  and  sharp,  an* 

^   --^^t^^i,  "i^zalr^^^^ ^^^    nected  below  with  the  lateral 

^    ^*\SI^W^i  ^^jj^^Groove for     of    the    nosc,  and   is    usual! 

I        ^  a  t!  ^^^k  ,4iBQw^"***^  ""^*'    notched  near  its  mesial  extrei 

Oonnexions. — The  nasal  bone 
with  its  fellow   of  tlie  opjMxtite 
the  frontal  above,  behind  with 
plate  of  the  ethmoid  and  with   t 
process  of  the  superior  maxilla. 
Fia.  108.— Right  Nas.\l  Bone.    A,  Outer  side  ;         united  to  the  septal  and  upper  lai 
B,  Inuer  side.  lages  of  the  nose. 

Architecture.  — Formed  of  • 
couipact  bone  ;  the  strength  of  the  nasal  bones  is  increased  by  their  mode  of  unic 
formation  of  a  median  crest  posteriorly. 

Variations. — The  size  and  configuration  of  the  nasal  bones  vary  greatly  in  diffe 
being,  as  a  rule,  large  and  prominent  in  the  white  races,  and  flat  and  reduced  in  size 
depressed,  in  the  Mongolian  and  Negro  stock.  Obliteration  of  the  intemasal  suture  i 
it  IS  stated  to  occur  more  frequently  in  negroes,  and  is  the  recognised  condition  in  adu 
Duckworth  has  recorded  a  case  (jowm.  Anal,  and  Physiol,  vol.  xxxvi.  p.  267)  of  undu 
downwards  of  the  nasal  bone,  which  may  be  perhaps  accounted  for  on  the  suppositio 
lower  part  is  a  persistent  portion  of  the  premaxilla. 

Ossification. — The  uasal  bones  are  each  developed  from  a  single  centre,  wli 
its  appearance  about  the  end  of  the  second  month  in  the  membrane  coverini 
part  of  tlie  cartilaginous  nasal  capsule.  Subsequeut  to  birth  the  underlying  cai 
stratum  disappears,  persisting,  however,  below  in  the  form  of  the  lateral  uasal 
and  behind  as  the  septal  cartilage  of  the  nose. 

The  Lachrymal  Bones. 

The  lachrymal  bone  (os  lachrymale),  or  os  unguis,  a  thin  scale  of  bone  i 
size  of  a  finger-nail,  forms  part  of  the  inner  orbital  wall  behind  the  frc 
cess  of  the  superior  maxilla.  Irregularly  quadrangular,  it  has  two  siiri 
inner  and  outer — and  four  borders. 

Its  external  or  orbital  s-urface  has  a  vertical  ridge,  the  lachrsrmal  en 
lachrymalis  posterior),  running  downwards  upon  it.  In  front  of  this  is  the '. 
groove  (sulcus  lachrymalis)  for  the  lodgment  of  the  lachry- 
mal sac.  The  floor  of  this  groove  descends  below  the  level 
of  the  bulk  of  the  bone,  and  forms  the  descending  process, 
which  helps  to  complete  the  osseous  canal  for  the  nasal 
duct,  and  articulates  inferiorly  with  the  inferior  turbinal. 
The  lower  end  of  the  lachrymal  crest  terminates  in  a 
hook- like  projection,  the  hamular  process  (hamulus  lachry- 
malis), which  curves  round  the  posterior  and  outer  edge 
of  the  lachrymal  notch  of  the  superior  maxilla,  and  thus 
defines  the  upper  aperture  of  the  canal  for  the  nasal  duct. 
To  the  free  edge  of  the  crest  behind  the  lachrymal  groove 
are  attached  the  reflected  portion  of  the  tendo  ocuU,  and  *"'bonb  (Orbi^i 
the  tensor  tarsi  muscle.  The  part  of  the  bone  behind  the 
lachrymal  crest  is  smooth  and  continuous  with  the  surface  of  the  os  p 
the  ethmoid.  The  inner  surface  is  irregular  and  cellular  above  ;  it  close 
of  the  anterior  ethmoidal  cells.  Where  it  is  smoother  it  forms  a  pa 
lateral  wall  of  the  middle  meatus  of  the  nose  immediately  behind  th 
process  of  the  superior  maxilla,  and  above  the  inferior  turbinated  boi 
superior  border  articulates  with  the  orbital  plate  of  the  frontal ;  the  anti 
with  the  posterior  border  of  the  frontal  process  of  the  superior  maxi 
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i(  completes  the  lachrymal  groove  for  the  lodgment  of  the  lachrymal  sac. 
ftrioT  margin  articulates  with  the  orbital  surface  of  the  superior  maxilla, 
front  by  its  descending  process  with  the  inferior  turbinal.  Posteriorly  the 
icolates  with  the  anterior  border  of  the  os  planum  of  the  ethmoid. 

udons. — The  lachrymal  bone  articulates  with  four  bones — tlie  frontal,  ethmoid,  inferior 

and  the  superior  maxilla. 

teetme. — The  bone  consists  of  a  thin  papery  translucent  lamina,  somewhat  strength - 

he  addition  of  the  vertical  crest 

tions. — The  lachrymal  is  occasionally  absent.     In  some  cases  it  is  divided  into  two 

others  replaced  by  a  number  of  smaller  ossiclea     In  rare  instances  the  hamular  process 

id  forwards  to  reach  the  orbital  margin,  and  so  bear  a  share  in  the  formation  of  the  face, 

irs  (Gegenbauer).     In  other  instances  the  hamulus  is  much  reduced  in  size.     Occasion- 

ichryuial  is  separated  from  the  os  planum  of  the  ethmoid  by  a  down -growth  from  the 

hich  articulates  with  the  orbital  process  of  the  superior  maxilla,  as  is  the  normal 

Q  in    the  gorilla  and  chimpanzee.      (Turner,  Challenger  Reports,  "Zoology,"  voL  x. 

Plate  I. ;  and  A.  Thomson,  Joum.  Anat.  and  Physiol.,  Loudon,  vol.  xxiv.  p.  349.) 

• 

fication. — The  lachrymal  is  developed  from  a  single  centre,  wliich  makes  its 
ce  about  the  end  of  the  second  or  the  beginning  of  the  third  month  of  intra- 
fe  iu  the  membnine  around  the  cartilaginous  nasal  capsule. 

The  Inferior  Turbinated  Bones. 

inferior  turbinated  or  spongy  bone  (concha  inferior)  is  a  shell-like  lamina 
lying  along  the  lower  part  of  the  outer  wall  of  the  nasal   fossa.     Of 

d  form,  the  bone  displays  two  curved  borders  enclosing  an  internal  and 
surface. 

superior  or  attached  border  is  thin  and  sharp  in  front  and  behind,  where 

:hr3nnsl  process  |  Ethmoidal  pruceRs  Lachrymal  procesH 

Ethntoidal  process 


Maxillary  pn)ee88    . 
A  '  B 

Flu  HO.— RuiHT  Inferior  Turbinated  Bone.     A,  I uner  Surface  ;  B,  Outer  Surface. 

culates  with  the  inferior  turbinal  crests  on  the  inner  surface  of  the  body 
superior  maxilla  and  the  vertical  plate  of  the  palate  bone  respectively, 
en  these  two  borders  the  central  part  of  the  upper  edge  rises  in  the  form  of 
p  crest,  the  fore-part  of  which  forms  the  upstanding  lachrymal  process  (pro- 
lachrymalis),  which  articulates  above  with  the  descending  process  of  the 
Tnal  bone,  as  well  as  with  the  edges  of  the  n<asal  groove  of  the  superior 
la,  thus  completing  the  osseous  canal  of  the  nasal  duct.  The;  i)Osterior  end 
is  crest  is  elevated  in  the  form  of  an  irregular  projection  called  the  ethmoidal 

■  (processus  ethmoidalis).  This  unites  with  the  uncinate  process  of  the 
wd  bone  (see  Fig.  101).  Spreading  downwards  from  the  middle  of  the 
vx  border,  on  its  outer  side,  is  a  thin,  iiregular  plate  of  bone,  the  maxillary 

■  (processus  inaxillaris),  which  partially  conceals  the  outer  concave  surface 
B  bone,  and,  by  its  union  with  the  inner  wall  of  the  maxillary  sinus,  assists  in 
ompletion  of  the  partition  which  separates  that  cavity  from  the  inferior  nasal 
la.  The  inferior  or  free  harder,  gently  curved  from  before  backwards  and 
Ij  out-turned,  is  rounded  and  full,  and  formed  of  bone  which  is  deeply  pitted 
i  a  somewhat  cellular  character.  The  anterior  and  posterior  extremities  of 
me,  formed  by  the  convergence  of  the  upper  and  lower  borders,  are  thin  and 
;  as  a  rule  the  hinder  end  is  the  more  pointed  of  the  two.  The  internal 
e  projects  into  the  nasal  fossa ;  convex  from  above  downwards,  and  sligVvtiVy 
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curved  from  before  backwards,  it  forms  the  floor  of  the  middle  meatua 
rough  and  pitted,  and  displays  some  scattered  and  longitudinally  directed 
grooves.     The  outer  surface  overhangs  the  inferior  nasal  meatus.     Concave 
above  downwards,  and  to  some  extent  from  before  backwards,  it  is  directed 
the  outer  wall  of  the  nasal  fossa.     It  is  smooth  in  front,  where  it  cor 
the  opening  of  the  canal  for  the  nasal  duct ;  behind  and  towards  its  lower  1 
it  is  irregular  and  pitted.     In  the  disarticulated  bone  this  surface  is  in  part  i 
cealed  by  the  downward  projecting  maxillary  process. 

Oonnexions.  —  The   inferior  turbinal    articulates  with    the    superior    maxilla,  lachr 
ethmoid,  and  palate  bones. 

Variisktion. — ^A  case  in  which    the  inferior  turbinals  were  absent  has  been  reooideS] 
HyrtL 

Ossification.  —  The  inferior   turbinate  bone,  the  maxillo- turbinal   of  comp 
anatomy,  is  derived  from  the  cartilage  forming  the  outer  wall  of  the  nasal  capsul 
upper  portion  of  which  forms  the  ethmo-turbinals.     It  ossifies,  however,  from  a  i 
centre,  which  appears  about  the  fifth  month  of  foetal  life,  and  later  contracts  a 
by  a  horizontal  lamella  on  its  outer  side  with  the  superior  maxillary  bone. 


FlO.  111. 


Palato  Superior  maxilla 

-VOMBK   AS  8SEN   VROM  THE  RiOHT  SiDK. 


The  Vomer, 

The  vomer,  a  bone  of  irregular  quadrilateral  shape,  is  placed  mesially  in  1 
hinder  part  of  the  nasal  septum.     It  has  four  borders  and  two  surfaces. 
superior  border,  which  can  readily  be  distinguished  by  the  presence  on  either 

of  an  everted  lip  or  ala,  slopes  from  \ 
upwards   and  forwards,  and  artici] 
with  the  under  surface  of  the  body  < 
sphenoid,  the  pointed  rostrum  of 
is  received  into  the  groove  formed  1 
projecting  alee.     Laterally  these  aJ 
wedged  in  between  the  sphenoidal 
cesses  of  the  palate  bone  in  fron 
the  vaginal  processes  at  the  root 
internal  pterygoid  plates  behind. 
posterior  border,  which  slopes  from  [ 
downwards  and  forwards,  is  free,  and  forms  a  sharp,  slightly  curved  edge; 
constitutes  the  jwsterior  margin  of  the  nasal  septum,  and  serves  to  separate  I 
openings  of  the  posterior  naros.     The  inferior  border,  more  or  less  horizontil^^ 
direction,  articulates  with  the  nasal  crest  formed  by  the  superior  maxillary 
palate  bones.     The  anterior  edge  is  the  longest;   it  slopes  obliquely  from 
downwards  and  forwards.     In  its  upper  half  it  is  ankylosed  to  the  perpend 
plate  of  the  ethmoid ;  in  its  lower  half  this  margin  is  grooved  for  the 
of  the  septal  cartilage  of  the  nose.     The  anterior  extremity  of  the  bone 
truncated  angle,  which  articulates  with  the  hinder  border  of  the  incisor 
the  superior  maxilhe,  and  sends  downwards  a  pointed  proceas  which  passes  1 
the  incisor  foramina.     The  right  and   left   surfaces  of  the  bone  are  smoot 
covered  by  mucous   membrane.     It  is   not  uncommon  to  find  them  defle 
one  or  other  side.     A  few  vascular  grooves  may  be  noticed  scattered  over 
surfaces,  and  one,  usually  more  distinct  than  the  others,  running  obliquely  dofP 
wards  and  forwards,  indicates  the  course  of  the  naso-palatine  nerve. 

Oonnexiona — The  vomer  articulaten  with  the  8j)lien()icl,  the  ethmoid,  the  palates,  and ^ 
superior  maxillae.     In  front  it  supjwrts  the  septal  cartilage. 

Architecture. — The  bone  is  composed  of  two  compact  layers  fused  below,  but  separated  ill* 
by  the  groove  for  the  lodgment  of  the  rostrum  of  the  sphenoid  behind,  and  the  septal  cartiL 
front     The  lamellae  are  also  separated  from  each  other  by  a  canal  which  runs  horizontally 
l)ehind  forwards  in  the  substance  of  the  l)one,  and  which   transmits  the  nutrient  vwb 
the  bone. 

Variations. — Owing  to  imi)erfe«t  ossification  there  may  Ix^  a  deficiency  in  the  bone,  fiUedi.: 
during  life  by  cartilage.  The  separation  of  the  two  lamelhe  along  the  anterior  border  v^P 
consiaerably,  and  instances  are  recorded  where  they  were  separated  by  a  considerable  esrJ 
within  the  substance  of  the  bone.     The  spheno- vomerine  canal  is  a  minute  opening  bd^ 
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totnim  of  tha  sphenoid,  and  between  it  and  the  alse  of  the  vomer,  by  which  the  nutrient 
ty  ent^n  the  bone. 

Ossification- — The  vomer,  primitively  double,  begins  to  ossify  about  the  end  of  the 
tad  moDtli  of  fcetal  life,  A  nucleus  appears  on  either  side  in  tlie  membrane  overlying 
\  bick  and  lower  part  of  the  vomerine  cartilage ;  these  form  the  primitive  lamellae 
"  on  either  side  of,  and  not  from,  the  cartilage.  About  the  third  month  these 
become  fused  behind  and  below,  thus  forming  a  deep  groove  in  which  the  cartilage 
rind.  As  growth  goes  on  the  groove  becomes  reduced  by  the  further  fusion  of  the 
^M  plateii  litid  the  absorption  of  the  cartilage,  until  the  age  of  puberty,  by  which 
tht*  lateral  laminae  have  united  to  form  a  mesial  plate,  the  primitively  divided  con- 
i  of  which  is  now  only  repreaented  by  the  eversion  of  the  aire  and  the  grooving 
the  anterior  border, 

Thb  Palate  Bones. 

The  palate  1>01ie  (os  palatinum),  of  irregular  bhape,  assists  iu  the  formatiou  of 
outer  wall  of  the  Imck  part  of  the  nasal  fossae,  the  posterior  portion  of  the  hard 
rte,  the  orbitp  the  spheno-maxillary,  zygomatic,  and  the  pterygoid  fossie.     It 
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Vm.  112.— RitJHT  Palate  Bone. 
A,  A«  ieeafttsm  the  Outer  Siile  ;  B,  As  viewed  from  the  Inner  Side. 

of  a  hori^ntal  and  a  vertical  plate,  united  to  each  other  like  the  limbs  of 

^beter  L      At  their  point  uf  union  there  is  an  irregular  outstanding  pnxiess 

Ithe  tuberosity,  whilst  capping  the  summit  of  the  vertical  plate  and  ^eparat^ 

daep  cleft  are  two  in^g^kr  pieces,  of  bone,  called  the  sphenoidal  and  orbital 

aTbori^ntal  plata  (parB  horizontalis)  has  two  surfaces  and  four  borders^ 
mme  implies,  it  i.  horizontal  in  position,  and  forms  the  P^^^^^'^^^^;;^^  .  ;^^ 
•indtahte  Its  upper  surface,  which  is  smooth,  is  slighly  concave  trom  su  e 
\L  formB  the  floor  of  the  hinder  part  of  the  nasal  iossa3.  l^  ^f^;^ 
«,ro.u4ier,  is  din.cted  towards  the  mouth,  and  near  its  posterior  edge  otten 
m  tmosverse  ridge  for  the  attachment  of  a  part  ot  the  aponeurosis  of  the 
■pabti  muscle.  The  anterior  border  articulates  by  means  ot  an  irregular 
^{rith  the  hinder  edge  of  the  palatal  process  of  the  «"l>^^^^^/^^^.f  J^'^.  .  ^^^^ 
^  rnir^jrn  is  fr^e  and  concave  from  side  to  side ;  by  its  sharp  ^f  a^.>\  \\^:^^^^^^^ 
w^mmmt  to  the  aponeuroms  of  the  soft  palate.  The  internal  border  is  uptuined, 
Hrten  it  articulates  \vith  its  fellow  of  the  opposite  side  it  lorms  superiorly  a 
Icr^t  continuous  in  front  with  the  nasal  crest  of  the  superior  maxilla;  it 
p-mttBthe  hinder  part  of  the  lower  border  of  the  vomer,  and  projecting  beyond 
kime  of  the  poetenor  border  forms  the  posterior  nasal  or  p^tine  spme  (spina 
'ipoBteriorSTThe  ejcternal  border  fuses  ^vith  the  vertical  plate,  iormin<;  witH 
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Orbital  procesH 


Sphenoid  1 

Sphenoidal  procesD 

Pterygo-palatine 
groove' 

Middle  meatus  — 


it  a  right  angle.     The  hinder  extremity  of  this  edge  is  grooved  by  the  ] 
the  posterior  palatine  canaL 

The  vertical  plate  (pars  perpendicularis)  is  very  much  broader 
above.  Composed  of  thin  bone,  it  is  liable  to  l)e  broken  in  tlie  process  < 
lation,  particularly  at  its  upper  part,  so  that  it  is  somewhat  uncomm 
with  a  perfect  specimen.  It  may  be  described  as  possessing  two  s 
four  borders.  Its  inner  surface,  which  is  directed  towards  the  cavity  < 
is  crossed  horizontally  about  its  middle  by  the  inferior  turbinated  « 
turbinalis)  with  which  the  hinder  end  of  the  superior  border  of  t 
turbinated  bone  articulates ;  above  and  below  this  it  enters  into  the  i 
the  outer  wall  of  the  middle  and  inferior  meatuses  of  the  nose  respecti 
the  upper  extremity  of  the  vertical  plate,  and  below  tlie  processes  w 
from  it,  there  is  another  ridge  more  or  less  parallel  to  that  alreadj 
This  is  the  superior  turbinated  or  ethmoidal  crest  (crista  ethmoidalis),  an 
the  hinder  extremity  of  the  middle  turbinated  bone  is  united.  The  extei 
which  forms  the  inner  wall  of  the  spheno- maxillary  fossa,  is  chani 
vertical  groove  (sulcus  pterygo-palatinus),  converted  into  a  canal  by 

with  the  suj)erior  maxillary 
canal,  called  the  posterior  pa] 
transmits  the  large  palatine 
descending  palatine  vessels, 
the  external  surface  projects 
a  variable  extent,  and  helps 
the  antrum  of  the  maxilla  by  i 
process.  The  anterior  horde 
edge  of  irregular  outline  wl 
lates  above  with  the  ethmoid 
posterior  edge  of  the  maxill 
of  the  inferior  turbinated  boi 
middle,  and  below  with  tl 
maxilla.  The  posterior  border 
where  it  articulates  with  tl 
of  the  internal  pterygoid  pla 
below  into  a  pyramidal  proces 
tuberosity.  The  inferior  bo 
vertical  plate  is  confluent  wit 
edge  of  the  horizontal  plate ; 
and  immediately  in  front  of  the  tuberosity,  it  is  notched  by  the  lowe 
of  the  posterior  palatine  canal.  The  superior  border  supports  the 
sphenoidal  processes ;  the  former — the  anterior — is  separated  from  the 
notch  (incisura  spheno-palatina),  which  is  converted  into  the  spheno-palal 
by  the  articulation  of  the  palate  bone  with  the  under  surface  of  th 
Through  this  communication  between  the  spheno-maxillary  and  nasal 
the  gpheno-palatine  artery  and  the  nasal  branches  of  the  spheno-palatii 
The  tuberosity  (processus  pyramidalis)  is  directed  backwanis  an 
from  the  angle  formed  by  the  vertical  and  horizontal  plates,  and  preg 
posterior  surface  a  central  smooth  vertical  groove,  bounded  on  either  sic 
articular  furrows  which  unite  above  in  a  V-shaped  manner  with  the 
posterior  edge.  These  latter  articulate  with  the  fore-parts  of  the  lower  po: 
internal  and  external  pterygoid  plates,  while  the  central  groove  fits  into 
like  interval  between  the  two  pterygoid  plates,  thus  entering  into  the  f 
the  pterygoid  fossa.  The  outer  surface  of  the  tul)erosity  is  rough  abo^ 
is  confluent  with  the  outer  surface  of  the  vertical  plate  which  articulat 
tuljerosity  of  the  superior  maxilla ;  belou\  there  is  a  small,  smooth,  tria 
which  api)e^rs  between  the  tuberosity  of  the  superior  maxilla  and  the  o 
of  the  external  pterygoid  plate,  and  so  enters  into  the  floor  of  the  zygo 
Passing  through  the  tul>erosity  in  a  vertical  direction  are  the  posterior  i 
accessory  palatine  canals  (foramina  palatina  minora)  for  the  transmis 
smaller  palatine  nerves  and  vessels. 


Inferior  turbinateil 
creHt 
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Fk;.  113.— Right  Palate  Bone. 
As  seen  from  Behind. 
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ital  process  (processus  orbitalis),  shaped  like  a  hollow  cube,  surmounts 
t  of  the  vertical  plate.  The  open  mouth  of  the  cube  is  usually  directed 
tnd  inwards  towards  the  fore-part  of  the  body  of  the  sphenoid,  with  the 
hich  it  commonly  communicates ;  the  fore-part  of  the  cube  articulates 
ner  end  of  the  angle  formed  by  the  orbital  plate  and  zygomatic  surface 
ior  maxilla.  Of  the  remaining  four  surfaces,  one  directed  forwards  and 
iculates  with  the  ethmoid.  The  others  are  non-articular :  the  superior 
the  formation  of  the  floor  of  the  orbit ;  the  external  ia  directed  towards 
maxillary  fossa ;  whilst  the  inferior,  which  is  confluent  with  the  inner 
the  vertical  plate,  is  of  variable  extent,  and  overhangs  the  superior 
he  nose. 

lenoidal  process  (processus  sphenoidalis),  much  smaller  than  the  orbital, 
ards,  inwards,  and  backwards  from  the  hinder  part  of  the  summit  of  the 
te.  Its  superior  surface,  which  is  grooved,  articulates  with  the  fore-part 
er  surface  of  the  body  of  tlie  sphenoid  and  the  root  of  the  internal 
•late,  thereby  converting  the  groove  into  the  pterygo-palatine  canal,  which 
n  artery  of  the  same  name  together  with  a  pharyngeal  branch  from  the 
itine  ganglion.  Its  outer  side  enters  into  the  formation  of  part  of  the 
of  the  spheno-maxillary  fossa.  Its  internal  curved  aspect  is  directed 
e  nasal  fossa,  whilst  its  inner  edge  is  in  contact  with  the  ala  of  the 

hs. — The  palate  bone  articulates  with  its  follow  of  the  opposite  side,  witli  the 
ler,  sphenoid,  superior  maxilla,  and  inferior  turbinated  bones.  * 

ition. — The  palate  bones  are  developed  from  the  ossification  of  the  membrane 
sides  of  the  oral  cavity.  According  to  Rambaud  and  Renault,  two  primitive 
jar  about  the  sixth  week  of  fojtal  life.  From  one  of  these  the  tuberosity  and 
:he  vertical  plate  behind  the  posterior  palatine  groove  is  developed ;  from  the 
mainder  of  the  bone  is  formed,  with  the  exception  of  the  orbital  and  sphenoidal 
bich  are  derived  from  secondary  centres  that  make  their  appearance  some- 
Other  authorities  describe  the  bone  as  ossifying  from  a  single  centre  which 
ut  the  end  of  tlie  second  month  in  the  angle  between  the  vertical  and  hori- 
s. 

i  the  bone  is  much  longer  in  its  antero-posterior  diameter  than  in  its  vertical 
converse  of  its  typical  adult  form. 
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iferior  maxilla  (mandibula)  or  mandible,  of  horse-shoe  shape,  with  the 
a  upturned,  is  the  only  movable  bone  of  the  face.  Stout  and  strong,  it 
the  teeth  of  the  lower  dental  arch,  and  articulates  with  the  base  of  the 
by  the  joints,  on  either  side,  between  its  condyles  and  the  glenoid  fossae 
iporal  lK)nea  The  anterior  or  horizontal  part,  which  contains  the  teeth, 
ihe  body  (corpus) ;  the  posterior  or  vertical  portions  constitute  the  rami 
udibuhe;. 

tx>dy  (corpus  mandibuke)  displays  in  the  middle  line  in  front  a  faint 
ridge,  the  symphysis,  wliicli  indicates  the  line  of  fusion  of  the  two 
ical  halves  from  which  the  hone  is  primarily  developed.  Inferiorly  this 
ides  so  as  to  enclose,  in  well-marked  specimc^ns,  a  triangular  area — the 
lotaberance  (protuberantia  men  talis),  the  centric  of  which  is  somewhat 
I,  thus  emphasising  the  inferior  angles,  which  are  known  as  the  mental 
(tul)era  mentalia).  The  outer  surface  is  crossed  l)y  a  faint,  elevated  ridge, 
nul  obliqae  line  (linea  obliquaj,  which  runs  upwards  and  backwards  from 
tal  tul>ercle  to  the  fore-part  of  the  anterior  border  of  the  ramus,  with 
is  confluent.  A  little  above  this,  midway  between  the  upper  and  lower 
)f  the  jaw,  and  in  line  with  the  root  of  the  second  bicuspid  tooth,  the  bone 
d  by  the  mental  foramen  (foramen  nientale) ;  this  is  the  anterior  opening 
ferior  dental  canal,  which  traverses  the  body  of  the  bone.  Through  tliis 
the  mental   vessels  and   nerves   reach  the  surface.     The  upper  border 
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supports  the  sixteen  teeth  of  the  lower  jaw.  It  is  thick  behind  and  thin 
front,  in  correspondence  with  the  size  of  the  roots  of  the  teeth.  Anterioi 
sockets  of  the  incisor  and  canine  teeth  produce  a  series  of  vertical  elevationa 
alveolaria),  of  which  that  corresponding  to  the  canine  tooth  is  the  most  proa 
When  this  is  outstanding  it  gives  rise  to  a  hollowing  of  the  surface  ])etween 
the  symphysis,  often  referred  to  as  the  incisor  fossa;  frequently,  howeva 
is  only  faintly  marked.  Below  the  external  oblique  line  the  bone  is  U. 
rounded,  and  ends  below  in  the  inferior  border  or  base.  This  slopes  outwa 
the  sides,  and  forwards  in  front,  where  it  is  thick  and  hollowed  out  on  eithi 
of  the  symphysis  to  form  the  digastric  fosss  (fossae  dij^astricte),  to  whic 
anterior  bellies  of  the  digastric  muscles  are  attached ;  narrowing  somewhat  I 
this,  the  inferior  border  again  expands  opposite  the  molar  teeth,  and  1 
becoming  reduced  in  width,  terminates  posteriorly  at  the  angle  formed  betn 
and  the  posterior  border  of  the  ramua  The 
deep  or  inner  surface  of  the  body  is  cro^^sed 
by  the  internal  obliqne  line  or  mylohyoid  ridge 
(linea  mylo-hyoidea).  This  slants  trom  above 
downwards  and  forwards  towards  the  lower 
part  of  the  symphysis.  It  serves  for  the 
origin  of  the  mylo-hyoid  muscle,  and  also 
furnishes  an  attachment  to  the  superior  con- 
strictor of  the  pharynx  just  beliind  the  \R^t 
molar  tooth.  Below  the  hinder  part  of  this 
ridge  the  surface  is  hollowed  to  form  a  fossa 
for  the  lodgment 
of  the  submaxil- 
lary gland.  Above 
the  fore -part  of 
the  internal  ob- 
lique line  the 
bone  is  smooth 
and  usually  con- 
vex. Here  the 
sublingual  gland 
lies  in  relation  to 
it.  In  the  angle 
formed  by  the 
convergence  of  i 
the  two  internal 
oblique  lines,  and 
in  correspondence 
with  the  back  of 
the  lower  part  of 

the   symphysis,   there  is  a   raised    tubercle  surmounted  by  two  laterally 
spines,  the   mental   or  genial   spines   (spinae   men  tales).      Occasionally   the 
again   subdivided   into  an  upper   and   lower   pair,  or  it  may  be  that  the 
pair   may  fuse    to   form  a  rough   median  ridge.      To   the  upper   pair  of 
the  genio-hyoglossi   muscles  are  attached,  whilst  the   lower  pair  serve   £ 
origin   of  the   genio-hyoid   muscles.      Immediately   above   the   tubercle  tl 
a   median    foramen   for   the   transmission  of  a   nutrient  vessel,  and  close 
alveolar  border  opposite  the  intervals  between  the  central  and  lateral  incison 
are  two  little  vascular  canals. 

The  ramus  (ramus  mandibulse)  passes  upwards  from  the  back  part  of  th< 
forming  by  the  junction  of  its  posterior  border  with  the  base  of  the  body  thi 
(angulus  mandibulffi),  which  is  usually  rounded  and  more  or  less  everted 
outer  surface  of  the  ramus  affords  attachment  to  the  masseter  muscle,  anc 
that  muscle  is  powerfully  developed  the  bone  is  usually  marked  by  a  so 
oblique  curved  ridges,  best  seen  towards  the  angle.  About  the  middle  of  th 
or  inner  surface  is  the  large  opening  (foramen  mandibulare)  of  the  Inferior 


Fig.  114. — The  Lowkr  Jaw  as  sekn  from  the  Leit  Side. 


1.  Menial  tubercle. 

2.  Mental  prominence. 

3.  Symphysis. 


4.  Coronoid  process. 

5.  Condyles. 

6.  Neck. 


Angle. 

External  oUfc 
Mental  foran 
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runs  downwards  and  forwards  to  reach  the  body,  and  transmits  the 
1  vessels  and  nerves.  This  aperture  is  overhung  in  front  by  a  pointed 
the  IJTignla,  to  the  edges  of  which  the  internal  lateral  ligament  of  the 
illary  articulation  is  attached.  Behind  the  lingula  and  leading  down- 
-wards  for  an  inch  or  so  from  the  opening  of  the  inferior  dental  canal 
roid  groove  (sulcus  mylo-hyoideus),  along  which  the  mylo-hyoid  artery 
ss.  Behind  and  below  this  groove  the  inner  surface  of  the  angle  is 
attachment  of  the  internal  pterygoid  muscle.     Superiorly  the  ramus 

coTonoid  process  ia  front,  and  the  condyle  behind,  the  two  being 
the  wide  Bii^moid  notch  (incisura  mandibular),  over  which  there  pass 

condition  the  vessels  and  nerve  to 

muscle.     The  coroooid  process,  of 

uh  and  l>eAk-sha|>ed,  is  limited  behind 

ved  margin,  which  forms  the  anterior 

the  sigmoid  notch.  In  frout  ita 
5  is  convex  from  aljove  downwards 
.,  and  becomes  confluent  below  with 
xnrder  of  the  ramus  and  the  external 

To  the  inner  side  of  this  edge  there 
lonffated  triaiiguLir  aurface,  the  inner 
rhich,  commencing  al>ove  near  the 
10  coronoid  proceas,  leads  downwards 
oner  s 

otof  ^ 

lolar 
B  the 
lique 
.tills 
nek-   *- 
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Fig.  115.— The  Tnneu  Side  of  the  Right  Half  of  the  Lower  Jaw. 


1.  Mental  spiues. 


5.  Coronohl  process. 


'^      ^^    2.  Surface   in   relation  to     6.  Condyles. 

con-  the  sublingual  gland.      7.  Inferior  dental  foramen. 

"ds  to    '^'  ^^^'^'^  Ijorder. 


4.  Lingula. 


8.  Mylo-hyoid  groove. 

9.  .Tngle. ' 


10.  Fossa  for  submaxillary 

gland. 

11.  Internal  oblique  line. 

12.  Digastric  fossa. 


con- 

iluiu  mandibulaj),  below  which  it  is  somewhat  constricted  to  form 
)lluni  mandibulae),  which  is  com])re8sed  from  before  Imckwards,  and 
sigmoid  hollow  posteriorly.  To  the  inner  side  of  the  neck,  im- 
>elow  the  condyle,  there  is  a  little  depression  (fovea  pterygoidea) 
ertion  of  the  external  pterygoid  muscle.  The  convex  surface  of 
;  is  transversely  elongated,  and  so  disposed  that  its  long  axis  is 
arly  horizontally  from  w^ithin  outwards  and  a  little  forwards.  The 
f  the  condyle  is  more  marked  in  its  antero-posterior  than  in  its 
iameter. 

ure. — The  mandible  is  remarkable  for  the.  (leiisity  and  tliickne.ss  of  ha  inner  and 
Where  these  coaleaee  below  at  the  base  of  tlie  IkxIv,  tlie  Ume  is  particularly  stout. 
rhere  they  form  the  walls  of  the  alveoli,  they  grmlually  thin,  Ix^ing  tliicker, 
the  inner  than  the  outer  side,  except  in  the  region  of  tlie  last  molar  t/)oth, 
ner  wall  is  the  thinner.  The  cancellous  Hubstance  is  open-meslied  Ixdow,  finer 
idenst»^  where  it  surrounds  the  alveidi.  The  inferior  dental  canal  is  large  and 
definite  wall ;  it  is  prolongwi  In^yond  the  mental  foramen  to  reacli  the  incisor 
it  numerous  channels  pass  upwards  to  the  sookt^ts  of  the  teetli,  and  it  com- 
ely with  the  surrounding  cancellous  tissue.  Above  tlit^  c^inal  the  substance  of  tbe 
•n'up  by  the  alveoli  for  the  reception  of  the  roots  of  the  teeth.    In  the  BuVwtaivce 
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of  the  condyle  the  cancellous  tissue  is  more  compact,  with  a  general  striation  vertical  ft 
articular  surface. 

The  mental  prominence  is  an  essentially  human  characteristic;  by  some  it  is  associated  wil 
development  of  speech  in  man,  others  regard  it  as  due  to  the  reduction  in  the  size  of  the  M 

VariatioilB. — Considerable  differences  are  met  with  in  the  height  of  the  coronoid  JM 
usually  its  summit  reaches  the  same  level  as  the  condyle,  or  slightlv  above  it ;  occasion^h'^ 
ever,  it  rises  to  a  much  higher  level ;  in  other  cases  it  is  much  reduced.  These  diMj 
naturally  react  on  the  form  of  the  sigmoid  notch.  The  projection  of  the  mental  pratnU 
is  also  liable  to  vary.  Occasionally  the  mental  foramen  is  double,  and  sometimes  the  mjlol 
groove  is  for  a  short  distance  converted  into  a  canaL 

Ossification. — The  development  of  the  lower  jaw  is  intimately  associated^ 
Meckors  cartilage,  the  cartilaginous  bar  of  the  first  visceral  or  mandibular  arch.  Mai 
cartilages,  of  which  there  are  two,  are  connected  proximallj  with  the  periotic  capsuli 
cranial  base.  Their  distal  ends  are  united  in  the  region  of  the  symphysis.  It  isi 
connective  tissue  overlying  the  outer  surface  of  this  cartilaginous  arch  that  the  bd 
the  lower  jaw  is  developed.     The  cartilage  itself  is  not  converted  into  bone,  but  unda 

resorption,  ezoe) 
''  b  tf^  anterior     extra 

which  is 
undergo 
to  form  the 
the  jaw  lyi 
tween  the 
foramen  aod 
symphysis.  Ini 
or  fourth 
foetus  the  cud 
can  be  traoedj 
the  under  Burll 
the  fore-part  m 
tympanic  ring  4 
wards  and  fort 
to  reach  the  jlij 
which  it  is 
at  the  opening 
inferior  dental 
from  this  it 
^  ^  traced  forwaidf^ 

Fio.  116.— Lower  Jaw  at  Bikth.     A,  As  seen  from  «)K>ve  ;  narrow  strip 

B,  Outer  side  ;  C,  Inner  side.  tO  the  inner  81 

n,  Mentftl  foramen ;  6,  Inferior  dental  canal ;  r,  Linfnila :  'A  Sockets  for  the  dental  mcs     the  mandible* 

it  sensibly  gii 
The  proximal  end  of  this  furrow  remains  permanently  as  the  mylo-hyoid  groove.  * 
part  of  the  cartilage  between  the  tympanic  ring  and  the  jaw  becomes  converted' 
fibrous  tissue,  and  persists  in  the  adult  as  the  so-called  internal  lateral  ligament  d 
temporo-maxillary  articulation,  its  proximal  end  through  the  (ilaserian  fissure 
tinuous  with  the  slender  process  of  the  malleus.  J.  Chaine  {Comptes  JRendiu. 
1903)  takes  exception  to  this  view  and  regards  the  internal  lateral  ligament  as  the 
of  a  muscular  slip.  The  part  which  is  applied  to  the  inner  surface  of  the  loi 
disappears.  In  the  tissue  overlying  the  cartilage  ossification  begins  by  several  ceni 
early  as  the  sixth  or  seventh  week  of  foetal  life,  in  this  respect  resembling  the  cla 
which  it  is  alone  preceded.  The  dentary  or  basal  centre  forms  the  outer  wall  and 
border.  With  this  is  united  the  splenial  portion,  which  appears  somewhat  later,  f 
the  inner  table  from  near  the  symphysis  backwards  towards  the  opening  of  the 
dental  canal  where  it  terminates  in  the  lingula.  By  the  union  of  these  two  parts  a  gli 
is  formed,  which  ultimately  becomes  covered  in,  and  in  which  the  inferior  dental  a 
and  vessels  are  lodged.  As  has  been  already  stated,  the  {)art  of  the  body  betweeni 
symphysis  and  the  mental  foramen  is  regarded  as  directly  develojied  by  the  ossificatk 
the  fore- part  of  the  Meckelian  cartilage.  As  will  have  been  gathered  from  the  d 
description,  the  upper  part  of  the  ramus  and  its  processes  have  no  connexion  with  MeC 
cartilage.  The  condyle  and  the  coronoid  process  are  each  developed  from  a  sepi 
centre,  preceded  by  a  cartilaginous  matrix.  These  several  centres  are  all  united  abool 
fourth  month. 

At  birth  the  lower  jaw  consists  of  two  lateral  halves  united  at  the  symphysiB  by  fit 
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wards  the  end  of  the  first,  or  during  the  second  year,  iTSseous  union  between  the 
i  is  complete.  In  infancy  the  jaw  is  shallow  and  the  rami  proportionately  small ; 
K-ing  to  the  obliquity  of  the  ramus  the  angle  is  large,  averaging  about  150°. 
Bil  foramen  lies  near  the  lower  border  of  the  bone.  Coincident  with  the  eruption 
th  and  the  use  of  the  jaw  in  mastication,  the  rami  rapidly  increase  in  size,  and 

becomes  more  acute.  After  the  completion  of  the  pennanent  dentition  it 
s  more  nearly  a  right  angle  varying  from  110"  to  120\  The  body  of  the  bone 
tid  deep,  and  the  mental  foramen  usually  lies  midway  between  the  upper  and 
"ders.      As  age  advances,  owing  to  the  loss  of  the  teeth  and  the  consequent 

and  absorption  of  the  alveolar  border  of  the  bone,  the  body  becomes  narrow  and 
d,  and  the  mental  foramen  now  lies  close  to  the  upper  border.  At  the  same  time 
opens  out  again  (130"  to  140**),  in  this  respect  resembling  the  infantile  condition. 
B  the  coronoid  process  and  the  condyle  form  a  more  open  angle  with  each  other 
:%e  adult. 

The  Hyoid  Bone. 

hyoid  bone  (os  hyoideum),  or  os  linguae,  though  placed  in  the  neck,  is 
len tally  connected  with  the  skulL  It  lies  between  the  mandible  above 
larynx  below,  and  is  connected  with  the  root  of  the  tongue.     Of  U-shaped 

its  name  implies  (Greek  v  and  €i8o<s,  like),  it  consists  in  the  adult  of  a 
part,  or  body,  with  which  on  either  side  are  united  two  long  processes 
ig  backwards — the  great  comna.  At  the  point  where  these  are -ossified 
J  body,  the  lesser  comna,  which  project  upwards  and  backwards,  are  placed. 
body  (basis)  is  arched  from  side  to  side  and  compressed  from  before  back- 
Mi  that  its  surfaces  slope  downwards  and  forwards.     Its  anterior  surface 

a  slight  median  ridge,  on  either  side  of 
:he  bone  is  marked  by  the  attachment 
mylo-hyoid  muscles.  Its  posterior  surface, 
loUowed,  is  concave  from  side  to  side  and 
>ove  downwards.  Herein  lie  a  quantity 
and  a  bursa  which  separates  this  aspect 
he  thyro-hyoid  membrane.  The  upper 
is  broad  ;  it  is  separated  from  the  anterior 

by  a  transverse  ridge,  behind  which  are 
[iiessions  for  the  attachment  of  the  genio- 
auacles.    Its  hinder  edge  is  thin  and  sharp;    ^^^^  ^^.^^^^  ^^^^^  ^,^^  ^^  ^^^^ 

above,  are  attached  the  genio-glossi,  whilst  p^om  the  Front. 

and  below  the  thyro-hyoid  membrane  is 
ted  with  it.    The  inferior  border  is  well  defined  and  narrow ;  it  serves  for  the 
nent  of  the  omo-hyoid,  stemo-hyoid,  thyro-hyoid,  and  stylo-hyoid  muscles. 
5  great  comua  are  connected  on  either  side  with  the  lateral  parts  of  the 

At  first,  union  is  effected  by  synchondroses,  which,  however,  ultimately 

These  cornua  curve  backwards  as  well  as  upwards,  and  terminate  in  more  or 

anded  and  expanded  extremities.     Comprised  laterally,  they  serve  for  the 

ments  externally  of  the  thyro-hyoid  and  hyo-glossi  muscles,  and  the  middle 

ctor  of  the  pharynx  from  below  upwards,  whilst  internally  they  are  con- 

with  the  lateral  expansions  of  the  thyro-hyoid  membrane,  the  free  edges  of 
are  somewhat  thickened,  and  connect  the  extremities  of  the  great  cornua 
he  ends  of  the  superior  cornua  of  the  thyroid  cartilage  below, 
e  leeser  oomua,  frequently  cartilaginous  in  part,  are  about  the  size  of  grains 
at  They  rest  upon  the  upper  surface  of  the  bone  at  the  junctions  of  the 
M>mua  with  the  body.  In  youth  they  are  separated  from,  but  in  advanced 
eome  ossified  with,  the  rest  of  the  bone,  from  w^hich  they  are  directed  upwards, 
ards,  and  a  little  outwards.  Their  summits  are  connected  with  the  stylo- 
ligaments  ;  they  also  serve  for  the  attachment  of  muscles. 

nexions.— The  hyoid  is  slung  from  the  styloid  proces>*e8  of  the  Uiini)oral  bones  l>y  tlie 
roid  ligameniM.  Inferiorly  it  is  connected  with  tlie  thyroid  cartilage  of  the  larynx  by 
To-hyoid  ligaments  and  membrane.  Posteriorly  it  is  intimately  associated  with  the 
.is. 
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Ossification. — In  considering  the  development  of  the  hyoid  bone  it  is  necesB 
refer  to  the  arrangement  and  disposition  of  the  cartilaginous  bars  of  the  second  and 
visceral  arches.  That  of  the  second  visceral  arch,  the  hyoid  bar — or  Reichert's  car 
as  it  is  sometimes  called — is  united  above  to  the  petrous  temporal,  whilst  ventnll 
joined  to  its  fellow  of  the  opposite  side  by  an  independent  mesial  cartilage.  Chond 
tion  of  the  third  visceral  arch  only  occurs  towards  its  ventral  extremity,  forming  n 
known  as  the  thyro-hyoid  bar.  This  also  unites  with  the  mesial  cartilage  above  ment 
In  these  cartilaginous  processes  ossific  centres  appear  in  certain  definite  situi 
Towards  the  end  of  foetal  life  a  single  centre  (by  some  authorities  regarded  as  pro 
double)  appears  in  the  mesial  cartilage,  and  forms  the  body  of  the  bone  (IkuE 
About  the  same  time  ossification  begins  in  the  lower  ends  of  the  thyro-hyoid  bar 
from  these  the  great  cornua  are  developed  (thyro-hyals).  During  the  first  year  the 
ends  of  the  hyoid  bars  begin  to  ossify  and  form  the  lesser  cornua  (cerato-hyals). 
cephalic  ends  of  the  same  cartilages  meanwhile  ossify  to  form  the  styloid  processes  | 
hyals)  (see  p.  121),  w^hilst  the  intervening  portions  of  cartilage  undergo  resorptio 
become  converted  into  the  fibrous  tissue  of  the  stylo-hyoid  ligaments,  which  in  the 
connect  the  lesser  cornua  with  the  styloid  processes  of  the  temporal  bone.  The 
cornua  fuse  with  the  body  in  middle  life ;  the  lesser  cornua  only  at  a  more  adf 
period.  Variations  in  the  course  of  development  lead  to  interesting  anomalies  < 
hyoid  apparatus.  The  lesser  cornua  may  be  unduly  long  or  the  stylo-hyoid  ligamen 
be  bony ;  in  this  case  the  cartilage  has  not  undergone  resorption,  but  has  passed  od 
further  stage  of  ossification,  thus  forming  an  epihyal  element  comparable  to  that 
dog.  The  ossified  stylo-hyoid  ligament,  as  felt  through  the  pharyngeal  wall,  m 
mistaken  for  a  foreign  body.     (Farmer,  G.  W.  S.,  Brit.  Med,  Journ.  1900,  vol.  i.  p.  \ 

THE   SKULL  AS  A  WHOLE. 

The  skull  as  a  whole  may  be  studied  as  seen  from  the  front  (norma  fron 
from  the  side  (norma  lateralis),  from  the  back  (norma  occipitalis),  from 
(norma  vertiealis),  and  from  below  (norma  basalis). 

Norma  Frontalis. 

In  front,  the  smooth  convexity  of  the  frontal  bone  limits  this  region  t 
whilst  inferiorly,  when  the  lower  jaw  is  disarticulated,  the  teeth  of  the  uppc 
form  its  lower  boundary.  The  large  openings  of  the  orbits  are  seen  on  either 
whilst  placed  mesially  and  at  a  somewhat  lower  level  is  the  anterior  nasal  i^ 
(apertura  pyriformis)  feading  into  the  nasal  fossa. 

The  frontal  region,  convex  from  above  downwaids  and  from  side  to  8i< 
limited  externally  by  two  ridges,  which  are  the  anterior  extremities  of  the  ten 
lines.  Superiorly  the  fulness  of  the  bone  blends  with  the  convexity  of  the  v< 
Interiorly  the  frontal  bone  forms  on  either  side  the  arched  superior  border  o 
orbit  (margo  supraorbitalis).  The  space  between  these  borders  corresponds  t 
r..:ot  of  the  nose,  an  I  here  are  seen  the  sutures  which  unite  the  frontal  wit) 
nasal  bones  in  tlie  middle  line,  and  with  the  nasal  process  of  the  superior  m 
on  eitlier  side,  calleil  the  naso-frontal  and  fronto-mazillary  sutures  respectively, 
orbital  arch  is  thin  and  sharp  externally,  but  becomes  thick  3nd  more  roi 
towards  its  inner  side,  where  it  forms  the  internal  angular  process  and  unites 
the  frontal  process  of  the  superior  maxilla  and  the  lachrymal  bone  on  the 
wall  of  the  orbit.  This  arched  border  is  interrupted  towards  the  inner  sic 
a  notch  (incisura  supraorbitalis),  sometimes  converted  into  a  foramen,  fo 
transmission  of  the  supraorbital  nerve  and  artery.  In  the  middle  line,  just  \ 
the  naso-frontal  suture,  there  is  often  the  remains  of  a  median  suture  (a 
frontalis),  which  marks  the  fusion  of  the  two  halves  from  which  the  bo 
primarily  ossified.  Here  also  a  prominence,  of  variable  extent — the  glabella — ^i 
with  ;  from  this  there  passes  out  on  either  side  above  and  over  the  orbital  m 
a  projection  called  the  superciliary  ridge  (arcus  superciliaris). 

The  orbital  foss®,  of  more  or  less  conical  form,  display  a  tendency  to  ac 
the  shape  of  four-sided  pyramids  by  the  flattening  of  the  superior,  inferior 
lateral  walls.      The   hose,  which    is  directed   forwards    and  a   little  outii 
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>nd8  to  the  orbital  aperture.  The  shape  of  this  is  liable  to  individual  and 
Hriations^  being  nearly  circular  in  the  Mongoloid  type,  whilst  it  displays  a 
r  less  quadrangular  form  in  Australoid  skulls.  The  upper  margin,  as  has 
ready  stated,  is  formed  by  the  frontal  bone  between  the  internal  and  external 
:  processes.  The  outer,  and  about  half  the  lower,  margin  are  formed  by  the 
ur\'ed  edge  between  the  facial  and  orbital  surfaces  of  the  malar  bone.  The 
1  border  and  the  remainder  of  the  lower  margin  are  determined  by  the 
urface  of  the  frontal  process  of  the  superior  maxiUa,  and  the  sharp  edge 
ing  the  facial  from  the  orbital  surface  of  the  same  bone.  Three  sutures 
pt  the  continuity  of  the  orbital  margin — the  fronto-malar  (sutura  zygomatico- 
s)  externally,  the  fronto-maxillary  (sutura  fronto-maxillaris)  internally,  both 
bout  the  same  level,  and  the  malo-inaxillary  (sutura  zygomatico-maxillaris) 
ly.  The  apex  of  the  space  is  directed  backwards  and  inwards,  so  that  the 
trails  of  the  two  orbits  lie  nearly  parallel  to  each  other,  whilst  the  outer 
cv  80  disposed  as  to  form  nearly  a  right  angle  with  each  other.  The  depth  of 
it  measures,  on  an  average,  about  two  inches  (5  cm.).  At  the  apex  there  are 
mings  ;  the  larger,  known  as  the  sphenoidal  fissure  (fissura  orbitalis  superior), 
Tom  the  apex  of  the  space  outwards  and  a  little  upwards  for  the  distance 
^-quarters  of  an  inch  or  so,  between  the  roof  and  outer  wall  of  the  orbit.  The 
bird  of  this  fissure  is  broad  and  of  circular  form.  Externally  it  is  cousider- 
iuced  in  width.  Through  this  the  third,  fourth,  ophthalmic  division  of  the 
nd  the  sixth  nerves  enter  the  orbit,  whilst  the  ophthalmic  veins  pass 
ixis  through  it.  Above  and  internal  to  the  inner  end  of  the  sphenoidal 
there  is  a  smaller  circular  opening,  the  optic  foramen  (foramen  opticum),  for 
nsmission  of  the  optic  nerve  and  ophthalmic  artery. 

?  ro**/  of  the  orbit,  which  is  very  thin  and  brittle  towards  its  centre,  is  formed 
it  by  the  orbital  plate  of  the  frontal  bone  (pars  orbitalis)  and  behind  by  a 
triangular  piece  of  the  lesser  wing  of  the  sphenoid,  which  surrounds  the 
branieu  and  forms  the  upper  border  of  the  sphenoidal  lissure.  Externally 
rface  is  sejMirated  from  the  outer  wall  by  the  sphenoidal  fissure  posteriorly, 
irly  by  an  irregular  suture  between  the  orbital  part  of  the  frontal  and 
•per  margin  of  the  orbital  surface  of  the  great  wing  of  the  sphenoid,  ex- 
to  which  the  external  angular  process  of  the  frontal  articulates  with  the 
Internally  the  roof  is  marked  off  from  the  inner  wall  by  a  suture,  more 
9  horizontal  in  direction,  between  the  orbital  plate  of  the  irontal  and  the 
ing  bones  in  order  from  before  backwards,  viz.  the  frontal  i)rncess  of  the 
ioT  maxilla,  the  lachrymal  bone,  and  the  os  planum  of  ethmoid.  In  the 
e  between  the  last-mentioned  bone  and  the  frontal  tliere  are  two  foramina, 
Ktoior  and  posterior  internal  orbital  or  ethmoidal  canals  (foramen  ethinoidale 
ius  et  posterius);  lx)th  transmit  ethmoidal  vessels — the  anterior  affording 
ige  to  the  nasal  nerve  as  well.  The  roof  is  concave  from  side  to  side,  and 
ome  extent  also  from  before  backwards.  About  midway  between  the 
10- maxillary  suture  and  the  supraorbital  notch  or  foramen,  but  within 
margin  of  the  orbit,  there  is  a  small  depression,  occasionally  replaced  by  a 
e'foveii  veL  spina  trochlearis),  for  the  attachment  oi'  the  ciirtilaginoiis  pulley 
Jie  sujierior  oblique  muscle  of  the  eyeball.  Under  cover  of  the  external 
liar  pnK?os.s  the  roof  is  more  deeply  exwivated,  forming  a  shallow  fossa  for  the 
meat  of  the  lachrymal  gland  (fossa  glanduhe  lachrynialis).  In  front,  the  roof 
rates  the  orbit  from  the  frontal  sinus,  and  along  its  inner  border  it  i«  in  relation 
1  the  ethmoidal  air-cells.  The  relation  to  these  air  spaces  is  variable,  depending 
b*- development  and  size  of  the  sinuses.  The  rest  of  the  roof,  wide  h  is  very  thin, 
If  br  its  upper  surface  the  floor  of  the  anterior  cranial  fossa,  in  which  are  lodged 
t"ntal  lol>es  of  the  cerebrum. 

lie  jloor  of  the  orbit  is  formed  l)y  the  orbital  plate  of  the  superior  maxilla, 
:her  with  j>art  of  the  orbital  surface  of  the  malar  bone,  and  a  small  triangular 
t  of  l»one,  the  orbital  process  of  the  palate,  which  is  wedged  in  pt)steriorly. 
nially,  for  three-quarters  of  its  length  posteriorly,  it  is  separated  from  I  lie  outer 
which  is  here  formed  by  the  great  wing  of  the  sphenoid,  by  a  cleft  called  the 
lo-mazillary  flBsnre  (fissura  orbitalis  inferior).     Through  this  there  i)ass  the 
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.  the  following  boues,  viz.  the  orbital  process  of  the  iMilate  l^elow  witli  the 
the  sphenoid  above  and  behind,  and  the  os  planum  of  the  ethiuoid  above  and 
— anterior  to  which  the  orbital  plate  of  the  sui)erior  uiaxilla  below  articulates 
e  <>s  planum  of  the  ethmoid  aud  the  lachrymal  above  and  iu  front.  At  the 
•  extremity  of  this  line  of  sutures  the  inner  edge  of  the  orbital  plate  of  the 
'  nuixilla  is  notched  and  free  between  the  point  where  it  articulates  with  the 
uil  pcsteriorly  and  the  part  from  which  its  frontal  proceas  rises.  Here  it 
lie  outer  edge  of  a  canal,  down  which  the  membranous  nasixl  duct  passes  to 
L-.  The  tioor  of  the  orbit  is  thin  behind  and  at  the  sides,  but  thicker  in 
here  it  blends  with  the  orbital  margin.  Ptissing  in  a  sagittal  direction 
1  ita  substance  is  the  infraorbital  canal,  the  roof  of  which  is  usually  deficient 
,  wbeie  it  becomes  continuous  with  a  l)road,  aliallow  groove,  which  leads 
Lb  from  the  anterior  margin  of  the  s})heno-maxillary  fissure.  This  CJinal 
s  in&vorbitalis)  opens  on  the  facial  surface  of  tiie  sui)erior  maxillary'  imme- 
hdour  the  orbital  margin  (foramen  infraorbitale)  and  transmits  the  superior 
uj  division  of  the  fifth  nerve,  together  with  the  infraorbiuil  vessels.  The 
miisathin  partition  which  separates  the  orbit  from  the  antrum  or  sinus  of 
Mrior  maxilla,  which  lies  below.  Internally  it  completes  tlie  hiwer  ethmoidal 
ii^flid  separates  the  orbit  from  the  middle  meatus  of  the  nasal  fossie. 
I  Mlir  wait  of  the  orbit,  which  is  tluj  strongest,  is  Ibnued  by  the  orbital 
I  of  the  graat  wing  of  the  sphenoid  and  the  upper  ])art  of  the  orbital  surface 
■dar  bone.  Above  it,  behind,  is  the  sphenoidal  Assure,  whilst  below, 
tending  much  farther  forward,  is  the  spheno-maxillary  Assure.  The  anterior 
of  the  outer  wall  is  stout  and  formed  bV  the  nudar  bone,  behind  which, 
in  part  by  the  orbital  process  of  the  malar  lx)ne  and  the  malar  edge  (margo- 
ticas)  of  the  great  wing  of  the  sphenoid,  it  forms  a  fairly  thick  i>artition 
I  the  orbit  in  front  and  the  teuqioral  fo.s8ii  behind.  (.'r(xs.sin;<:  this  surface 
)0ve  dovmwards,  close  to  the  anterior  extremity  of  the  spheno-maxillary 
is  the  suture  between  the  malar  bone  and  the  great  wing  of  the  sphenoid 
spheno-zygomatica).  This  wall  is  pierced  in  front  by  one  or  two 
inals  (foramen  zygoniatico-orbitale;,  which  traverse  the  malar  bone  and 
the  transmission  of  the  temporal  and  malar  branches  of  the  orlutal  ])ortion 
u^ierior  maxillary  division  of  tlie  fifth  nerve. 

inner  wall  of  the  orbit  is  formed  from  before  backwards  l)y  a  small  part  of 
tal  process  of  the  superior  maxilla,  by  the  lachrsrmal,  and  l)y  the  os  planum  or 
date  of  the  ethmoid  (lamina  iwipyracea  ossis  ethmoidalis),  ]M)sterior  to  wbicli 
all  ]>iirt  of  the  lateral  asj>ect  of  the  body  of  the  sphenoid  in  front  of  tiie 
-ciinen.  Above,  the  orbital  plate  of  the  frontal  bont*  forms  a  continuous 
I'nui  before  backwards  with  the  bones  just  enunierattHl ;  whilst  ])elow,  tlie 
.il  and  the  os  planum  of  the  otbmoid  articulate  with  the  orbital  plate  of 
rrif;r  maxilla;  iK)steriorly  the  hinder  extremity  ol'  tlio  os  ])lanum  and  the 
t  «>f  the  body  of  the  sphenoid  articulate  witli  tlic*  orbital  ]»rout»ss  of  the 
T!ie  orbital  surface  of  tlie  lachrymal  bone  is  divideil  into  two  by  a  vertical 
he  lachrymal  crest  (crista  lachrymalis  posterior) — which  forms  in  front  the 
r  half  of  a  hollow,  the  lachrymal  groove  (sulcus  lachrymalis),  the  ant,erior 
which  is  completed  l)y  the  channelled  |)Osteriur  border  of  the  Arontal  process 
uperior  maxilla  In  the  lachrymal  groove  or  fussji  (i'ossii  sacci  lachrymalis) 
d  the  Lichrymal  siic,  whilst  passing  from  it  and  occujiying  the  canal,  of 
he  u]»i»er  opening  is  at  jiresent  seen,  is  the  nuiuibranous  nasal  duct.  The 
'ly  thin  wall  of  the  lower  \mvt  of  tlie  lachrymal  fnssii  separates  the  orbit 
».•  fore-part  of  the  middle  meatus  of  the  nasiil  fossa.  To  the  inner  side  of 
T  ami  fore  part  of  the  Lichrymal  bone,  and  separated  from  the  orbit  merely 
hii-kness  of  that  bone,  is  the  passage  leading  from  the  nose  to  the  frontal 
itumlibiilum  ethmoidale;,  whilst  the  ]»art  of  the  bone  l>ehind  the  lachrymal 
rms  the  thin  |)artition  between  the  orbit  and  the  anterior  ethmoidal  cells. 
where  the  body  of  the  sphenoid  forms  ])art  of  the  inner  wall  of  the  orbit, 
moidal  air  sinus  is  in  ndation  to  the  apex  of  that  sjjaee,  though  here  the 
1  wall  lietween  the  two  cavities  is  much  thicker. 
skeleton  of  the  face  on  its  anterior  .surface  is  formed  by  the  two  superior 
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maxilhe,  the  frontal  processes  of  which  have  been  abready  seen  to  pass  up  to  i 
late  with  the  internal  angular  processes  of  the  frontal  bone,  thus  forming  the  1 
halves  of  tlie  inner  margins  of  the  orbit.  Joined  to  the  upper  jaws  exterxi 
the  malar  or  cheek  bones  (ossa  zygomatica),  which  are  supported  by  their 
with  the  temporal  bones  posteriorly  through  the  medium  of  the  zygomatic 
The  suture  which  separates  the  malar  from  the  superior  maxilla  (sutura  zygoD 
maxillaris)  commences  above  about  the  centre  of  the  lower  orbital  margin 
passes  obliquely  downward  and  outward,  its  lower  end  lying  in  vertical  line ' 
the  outer  orbital  margin.  The  two  superior  maxillse  are  separated  by  the  1M| 
fossffi,  which  here  open  anteriorly.  Above,  the  two  nasal  bones  are  wedged  j 
between  the  frontal  processes  of  the  maxillae ;  whilst  below  the  nasal  aperture,  l| 
maxillae  themselves  are  united  in  the  middle  line  by  the  intermaxillary  BUti 
(sutura  intermaxillaris). 

The  nasal  aperture  (apertura  pyriformis),  which  lies  below  and  in  part  betwai 
the  orbits,  is  of  variable  shape  and  size — usually  pyriform,  it  tends  to  be  long  ^ 
narrow  in  Europeans,  as  contrasted  with  the  shorter  and  wider  form  met  wrai : 
the  negroid  races.  Its  edges  are  formed  below  and  on  either  side  by  the  ft 
curved  margin  of  the  body  and  the  frontal  process  of  the  superior  maxilla;  M 
above,  and  partly  at  the  sides,  by  the  free  border  of  the  nasal  bones.  In  I 
middle  line,  inferiorly,  corresponding  to  the  upper  end  of  the  intermaxiDa 
suture  there  is  an  outstanding  process — the  anterior  nasal  spine  (spina 
anterior)  formed  by  the  coalescence  of  spicules  from  both  maxillae ;  arising 
this,  and  passing  backwards  and  upwards,  is  a  thin  bony  jmrtition — the 
septum  of  the  nose.  Often  deflected  to  one  or  other  side,  it  divides  the  cav 
the  nose  (cavum  nasi)  into  a  right  and  left  half.  Projecting  into  these  el 
from  their  outer  walls  can  be  seen  the  inner  surfaces  and  free  borders  of  the  \ 
(concha  media)  and  inferior  (concha  inferior)  turbinated  bones,  the  spaoes  hsft 
and  between  which  form  the  inferior  and  middle  meatuses  of  the  nose  respectively 

Below  the  orbit,  and  to  the  outer  side  of  the  nasal  aperture,  the  anterior  i 
facial  surface  of  the  body  of  the  superior  maxilla  (corpus  maxillse)  is  seen ;  thiii 
continuous  inferiorly  with  tlie  outer  surface  of  the  alveolar  process  (process  al?| 
laris),  in  which  are  embedded  the  roots  of  the  upper  teeth.  I 

A  horizontal  line  drawn  round  the  jaw  on  the  level  of  a  point  midway  betmd 
the  low^er  border  of  the  nasal  aperture  and  the  alveolar  edge  corresponds  to  tl| 
plane  of  the  hard  palate.  Below  that  the  alveolar  process  separates  the  cavity  i| 
the  mouth  from  the  front  of  the  face ;  whilst  above,  the  large  air  space,  the  mm 
lary  sinus  (sinus  maxillaris),  or  antrum  of  Highmore,  lies  within  the  body  of  fl 
superior  maxilla. 

The  malar  or  cheek  bone  (os  zygomaticum)  forms  the  lower  half  of  the  oofel 
and  outer  half  of  the  lower  border  of  the  orbit.  Its  external  aspect  corresponds  1 
the  i»oint  of  greatest  width  of  the  face,  the  modelling  of  which  depends  on  tl 
flatnesvs  or  projection  of  this  bone. 

When  tlie  lower  jaw  (mandibula)  is  in  position,  and  the  teeth  in  both  jawa| 
complete,  the  lower  dental  arch  will  be  seen  to  be  smaller  in  all  its  diameters  tb 
tlie  upper,  so  that  when  the  jaws  are  closed  the  upper  teeth  slightly  overlap  M 
lower  both  in  front  and  at  the  sides.  Exceptionally  a  departure  from  this  arrui| 
ment  is  met  with. 

KoKMA  Lateralis. 

Viewing  this  aspect  of  the  skull,  in  the  first  instance,  without  the  lower  jaw, 
is  seen  to  be  formed  in  part  by  the  bones  of  the  cranium,  and  in  part  by  the  boi 
of  the  face.  A  line  drawn  from  the  fronto-nasal  suture  to  the  tip  of  tlie  mastc 
process  a.*rveB  to  define  roughly  llie  boundary  between  these  portions  of  the  skv 
Of  ovoid  sha|>e,  the  cranium  is  formed  above  l)y  the  frontal,  parietal,  and  oeeipt 
bones  from  before  l»ackwards;  wliilst  bt^low,  included  within  these  are  the  sphew 
and  temporal  bones.  Tlie  sutures  l)etween  these  several  bones  are  arranged 
follows :  Commencing  at  the  external  angular  process  of  the  frontal,  the  sati 
between  that  bone  and  the  malar  is  first  seen ;  tracing  this  backwards  and  a  lit 
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1«  'wer  edge  of  the  frontal  next  articulates  with  the  upper  niargin  of  the 

gphoBoid  tor  a  distance  varying  from  tliree-quarters  of  an  inch  to 

I  '     iMxsttfrior  bnrder  of  the  frontal  tnms  upwards  and  digbtly  back- 

lu.  r,he  i)arieUl  the  coronal  sntuxe  (^utura  coronalis).     The  lower 

t  pai kkiiid  Ixmei  which  m placed  immediately  beMnd  the  frontal,  articulates 


5il  lint  of  wdpitiJ 
'*  rtTOtiibemnce, 


12.  LntiiWlolfl  ^nturt!*  — -^ 

13.  Oocipjiril  boijcv 

^  15.  OI»«iioii  plaiTtl  between  tW  two 

17,   t^wer  tfrniKirfd  ridge. 
t.H.   rppcr  U^mfKifal  di(g«« 
lil  ^4]immoii#    part  (if    tentporAl 
lie  lie* 


22,  SttpbfttiJou. 

23.  Fnnitftl  boTit, 
''M*   Pttjriou, 

25.  l^emjiorul  fossa. 

2C  fiff'Mt  wiiig  of  -»pb('i]OiiJ. 
27,  Mnlnr  bollt^ 
t^i<,  MaUr  uaunL 

26.  Ifaehrj^nm!  liouu. 

8L  Infrjtorbitftl  t-Auab 

3^.  AuUrior  iiii^^il  ttjH^rlur^. 


1  he  hinder  part  of  the  ui>per  edge  of  the  great  wing  of  the  sphenoid. 
It  rii  thi»i  suture  (aiitura  upheno-parietalis)  is  liable  to  very  great  indi- 
.n — rit  tJnn^*4  being  broad,  in  other  instances  Iteing  pointed  and 
Kinally  tlie  jiarietal  does  not  articulate  with  tlve  sphenoid  at  all, 
Itil  Huture  thij  parietal  articuhiteJ^  witfi  the  squamous  part 
Hcjuainosal     This  reiieatB  to  a  certain  extent  the  curve 
utiiliutf  I  if  the  calvaria,  and  ends  posteriorly  about  one  inch  behind 
luditory  meatus.     Her^  the  Buture  alters  its  chanicter  and  direction, 
[of  being  scJily,  bec*jnies  toothed  and  irregular,  uniting  for  the  space  of 
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an  inch  or  so  the  posterior  inferior  angle  of  the  parietal  with  the  mastoid 
of  the  temporal  bone.     This  suture  (sutura  parieto-mastoid)  is  more  or 
zontal  in  direction,  and  lies  in  line  and  on  a  level  with  the  upper  border 
zygomatic  arch.     At  a  point  about  two  inches  behind  the  external  auditory 
the  posterior  border  of  the  parietal  bone  turns  obliquely  upwards  and  bacl 
and  forms  with  the  tabular  part  of  the  occipital  bone  the  strongly-dentf 
lambdoid  suture  (sutura  lambdoidea).     luferiorly  this  suture  is  continued  obi 
downwards  between  the  occipital  bone  and  the  hinder  border  of  the  mastoid 
of  the   temporal,  where  it   forms   the   occipito- mastoid   suture   (sutura 
mastoidea),  much  simpler  and  leas  serrated  than  the  two  previously  meni 
These  three  sutures  just  described  meet  in  tri-radiate  fashion  at  a  point 
the  asterion. 

Anteriorly  the  curve  of  the  squamous  suture  is  continued  downward  bel 
the  anterior  edge  of  the  squamous  part  of  tlie  temporal  and  the  posterior 
the  great  wing  of  the  sphenoid ;  inferiorly  it  lies  in  plane  with  the  middle  of 
zygomatic  arch. 

The  sutures  around  the  summit  of  the  great  wing  of  the  sphenoid  are 
like  the  letter  H  placed  obliquely,  the  cross-piece  of  the  H  corresponding  to 
spheno-parietal  suture.     Wlien  this  is  short,  and  becomes  a  mere  point  of 
the  arrangement  then  resembles  the  letter  X.     This  region  is  named  the 

Curving  over  the  lateral  region  of  the  calvaria  in  a  longitudinal  di 
the  temporal  crest  (linea  temporalis).     This  is  often  double.     The  lower  line 
the  limit  of  the  attachment  of  the  temporal  muscle,  whilst  the  upper  ridge 
the  attachment  of  tlie  temporal  fascia.     Commencing  in  front  at  tlie  ex 
angular  process  of  the  frontal,  the  crest  sweeps  upwards  and  backwards  acrosi 
lower  part  of  tliat  bone,  and  then  crossing  the  coronal  suture — a  point  called 
stephanion — it  passes  on  to  tlie  parietal,  over  which  it  curves  in  the  direction 
posterior  inferior  angle.     Here  it  is  continued  on  to  the  temporal  bone,  whe« 
sweeps  forward  to  form  the  supramastoid  crest,  which  serves  to  separate  the  squaa 
from  the  mastoid  portion  of  the  temporal  bone  externally.     Carried  forward,] 
ridge  is   seen  to  become   continuous   with    the   upper  border   of   the   zygon 
arch  over  the  external  auditory  meatus.     In  front,  the  tenn>oral  ridge  sepau 
the  temporal  fossa  from  the  region  of  the  forehead ;  above  and  Ijehind,  it  boa 
the  temporal  fossa  which  lies  within  its  concavity,  and  serves  to  separate  that  hoi 
from  the  surface  of  the  calvaria  which  is  overlain  by  the  scalp.     Above  the  k 
of  the  temporal  lines  the  surfaces  of  the  frontal  and  parietal  bones  are  smoi 
the  latter  exhibiting  an  elevation  of  varying  prominence  and  position,  but  usui 
situated  about  the  centre  of  the  bone,  called  the  parietal  eminence  (tuber  parieUi 
A  slight  hollowing  of  the  surface  of  the  parietal  behind  and  parallel  to  the  cow 
suture  is  not  uncommon,  and  is  referred  to  as  the  post-coronal  depression, 
seen  in  profile,  the  part  of  the  calvaria  behind  and  below  the  lambdoid  sutuif 
formed  by  the  tabular  part  of  the  occipital  bone.     In  line  with  the  zygomatic 
this  outline  is  interrupted  by  the  external  occipital  protuberance  or  inion  (protal 
antia   occipitalis   externa).      The    projection  of   this   point   is   variable;    but 
position  can  usually  Ije  easily  delermined  in  the  lix-ing.     Passing  forwards 
it,  anil  blending  anteriorly  with  the  posterior  border  of  the  mastoid  process  of  I 
temporal  bone,  is  a  rough  crest,  tlie  superior  curved  line  (linea  nuchae  superior] 
little  above  which  there  is  often  a  much  fainter  line,  the  highest  curved  line  (^" 
nuchie  suprema) ;  this  affords  attachment  to  the  epicranial  aponeurosia     TheaeM 
lines  serve  to  separate  the  part  of  the  cranium  al)ove,  which  is  covered  by  soalj 
from  tliat  below,  which  serves  for  the  attachment  of  the  fleshy  muscles  of  the  bti 
of  the  neck,  the  latter  surface  (planum  nucliale)  being  rough  and  irremilar  1 
contrasted  with    tlie  smooth  superior  part  (plan inn  occipitale).      The  fulness  \ 
these  two  parts  of  the  occi])ital  bone  varies  much.     'I'liere  is  frequently  a  pronounoC 
bulging  of  the  ])lanuni  occipitale,  and  the  position  of  the  lambda  can  often  1 
easily  (letermined  in  the  living ;  similarly  the  planum  nuchale  may  be  either  con 
paratively  flat  or  else  full  and  rounded.     These  differences  are  of  course  associate 
with  corrcsiM)nding  differences  in  the  development  of  the  cerebral  and  cerebeQi 
lobes  which  are  lodged  in  relation  to  the  internal  asj^ect  of  these  parts  of  the  boD 
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fnrther  description  of  the  planum  nuchale  is  best  deferred  till  the  base  of 
»kull  ( noriua  basalis)  is  studied. 

tanporal  Fossa. — Within  the  limits  of  the  teiiiiK)ral  lines  the  side  of  the  cranium 
s  forwards,  inwards,  and  downwards,  thus  leaving  a  considerable  interval  between 
ower  part  and  the  lygomatic  arch.  This  space  or  liollow  ia  called  the  temporal 
I  (fossa  temporalis) ;  bounded  above  and  behind  by  tlie  temporal  lines,  its  inferior 
t  is  defined  by  the  level  of  the  zygomatic  arch.  Deepest  opposite  the  angle  formed 
he  fnmtal  and  temporal  processes  of  the  malar  bone,  the  fossa  becomes  shallow 
irds  its  circumference.  Its  floor,  which  is  slightly  concavo-convex  from  Ijefore 
icwaids  about  mid-level,  is  formed  above  by  the  temporal  surface  (facies  temporalis) 
:he  frontal,  l>ehind  by  the  anterior  inferior  angle  (augulis  sphenoidalis)  of  the 
ietal,  as  well  as  the  lower  portion  of  that  bone,  beluw  the  temporal  crest ;  below 
.  in  front  by  the  temporal  surface  of  the  great  wing  of  the  sphenoid,  and  behind 
.  below  by  the  squamous  portion  of  the  temporal  bone.  Inferiorly  the  floor  is 
ited  in  front  by  the  free  inferior  border  of  the  great  wing  of  the  sphenoid,  which 
[US  the  upper  boundary  of  the  spheno-maxillary  fissure ;  behind  tliat,  by  a  rough 
ge,  the  mfratemporal  crest  or  pterygoid  ridge  (crista  infratemporalis),  which 
BBSS  the  external  surface  of  the  great  wing  of  the  sphenoid,  to  become  con- 
nous  posteriorly  with  a  ridge  on  the  lower  surface  of  the  squamous  temporal, 
m  which  the  anterior  root  of  the  zygomatic  process  springs.  In  front  the 
nporal  fossa  is  separated  from  the  orbit  by  the  external  angular  prcxjess  of  the 
ntsl  aljove,  and  by  the  orbital  x>roce8s  of  the  malar  and  its  junction  with  the 
temal  border  of  the  great  wing  of  the  sphenoid  between  the  orbital  and  temporal 
rE&L-es  of  that  i»rocess.  Externally  and  in  front,  the  fossa  is  overhung  by  the 
ckward  projection  of  the  frontal  process  of  the  malar  bi>ne,  and  it  is  umler  cover 

this,  and  within  the  angle  formed  by  the  frontal  and  orbital  processes  of  the  malar, 
at  we  see  the  ojiening  of  the  temporal  canal,  which  ])ierces  the  orbital  ])late  of  the 
ikr  ami  transmits  the  temporal  branch  of  the  orbital  nerve — a  lilament  of  the 
iperior  maxillar}'  division  of  the  V  nerve.  The  fore-pirt  of  the  spheno-maxillary 
■m  (tissura  orbita  inferior)  oix^ns  into  the  lower  part  of  the  temi>oral  fossa,  and 
MB  establishes  a  communication  between  it  and  the  orbit.  If  tlie  floor  of  the 
mk  be  carefully  examined,  some  more  or  less  distinct  vascular  grooves  may 
?8efn.  One  pissing  upwards  over  the  posterior  part  of  the  s(juaiuous 
iii{<tjriil.  iniiuediiitely  in  front  of  and  above  the  external  auditory  meatus,  is  for 
K  middle  teini)oral  artery;  two  others,  usually  less  tlistinct,  pass  up,  one  over  the 
»Qp*)ral  surface  of  the  great  wing  of  the  spheiKjid,  the  other  over  the  fore-part  of 
lie  squamous  temix>r;il;  these  are  for  tlie  anterior  and  po-terior  deep  teminmil 
nnches  uf  the  internal  maxillary  artery.  The  fossa  contains  the  temporal  muscle 
rith  its  ves.<el.-<  and  nerves,  together  with  the  temporal  branch  of  the  or])ital  nerve 
lid  »)me  fat ;  all  of  which  are  enclosed  by  the  fascia  whicli  stretches  over  the  si^ice 
n>iu  tht^  upper  temi>«»ral  line  above  to  the  su^ierior  border  of  the  zy;^omatic  arch 
dow.  The  extent  of  the  fossa  depends  on  the  size  of  the  temiMjnil  muscle, 
he  development  of  which  is  correlated  with  the  size  and  weight  of  the  lowtT  jaw. 

Springing  from  the  front  and  lower  part  of  tlie  sijuamous  temi)oml  is  the 
Ronatic  process  of  that  bone ;  it  has  two  roots,  an  anterior  and  a  |)osterior,  between 
Bid  below  which  are  placed  the  glenoid  fossa  (fossii  mandibularis)  in  front,  and  the 
ipenin^  of  the  external  auditory  meatus  liehind.  Of  com])ressed  triangular  form,  the 
xnwfss  at  first  has  its  surfaces  directed  ui>svards  and  downwards,  but  curving  out- 
lank  and  forwards,  it  twists  on  itself,  .so  that  its  narroweil  surfaces  are  now  turned 
mtwanls  and  inwards,  and  its  edges  upwards  and  downwards:  passing  forwards,  it 
ixpands  somewhat,  and  ends  in  an  obli([ue  serrated  8urfa<M»,  which  unites  with  the 
teru{Mrtil  pnx-ess  of  the  malar  bone  and  completes  the  zygomatic  arch.  It  is  the 
^*\^^  edge  of  this  bridge  of  Ixme  which  forms  the  j)osterior  root.  Th(»  lower  border, 
turning  inwards,  forms  the  anterior  root,  and  serves  to  sej)arale  the  temporal  from 
th^  zygomatic  surfjice  of  the  squamous  tem[Hn*al,  ].»lending  in  front  with  the  infhi- 
tenpond  crest  on  the  outer  surface  of  tlie  great  wing  of  the  sph  iioid.  The  under 
'urfaee  of  this  root  is  convex  from  before  backwards,  and  is  tlirown  int<^  relief  by 
tlje  glenoid  hollow,  which  i>asses  up  l)ehind  it.  In  this  way  a  downward  projection, 
irhicli  is  called  the  eminentia  articularis,  is  formed. 
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The  alar  spine   of  the  sphenoid  (spina    angularis)   lies   immediately  to 
inner  side  of  the  articular  part  of  the  glenoid  fossa.     Its  size  and  projection 
It  is  well  to  remember  its  relation  to  the  condyle  of  the  lower  jaw  when  that 
is  in  position  ;   lying,  as  it  does,  to  the  inner  side  and  a  Uttle  in  front  of  thai 
cess,  it  atlbrds  attachment  to  the  so-called  long  internal  lateral  ligament  (i 
mandibular)  of  the  temporo-maxillary  articulation.     As  will  be  seen  he: 
anterior  extremity  of  the  osseous  Eustachian  canal  lies  immediately  to  its 
side  (p.  164).     A  noteworthy  feature  about  the  articular  part  of  the  glenoid 
is  the  thinness  of  the  bony  plate  which  serves  to  separate  it  from  the 
cranial  fossa  above.     The  va^^inal  process  is  a  crest  of  bone  which  runs  obi 
forwards  from  the  front  and  inner  side  of  the  mastoid  process,  juSt  bel( 
external  auditory  meatus,  to  the  alar  spine  of  the  sphenoid.     Passing  down^ 
and  slightly  forwards  from  the  centre  of  this,  and  ensheathed  by  it  in 
at  the  sides,  is  the  pointed  styloid  process,  the  length  of  which  is  extremely 

In  the  recess  between  the  posterior  root  of  the  zygoma  and  the  upper 
edge  of  the  meatus  there  is  usually  a  depression,  though  in  some  instances 
may  be  replaced  by  a  slight  bulging  of  the  bone.     If  from  the  posterior 
the  zygoma  a  vertical  line  l)e  let  fall,  tangential  to  the  posterior  edge  of  the 
a  small  triangular  area  is  mapped  off  which  has  been  named  by  Macewen  the 
meatal  triangle.     Surgically  this  is  of  importance,  as  it  is  the  spot  selected  in 
to  trephine  the  bone  to  reach  the  mastoid  antrum  (see  p.  120). 

In  the  suture  between  the  posterior  border  of  the  mastoid-temporal  and: 
tabular  plate  of  the  occipital,  there  is  usually  a  foramen  (mastoid)  for  the 
mission  of  an  emissary  vein  from  the  lateral  sinus  within  the  cranium  to 
cutaneous  occipital  vein  of  the  scalp ;  this  opening,  which  may  be  double, 
greatly   in  size,  and  is   usually  placed   on   a   level  with   the  external  audit 
meatus. 

Zygomatic  Fossa. — The  side  of  the  cranium  in  front  of  the  anterior  root  of 
zygomatic  process  of  the  temporal  bone  is  deeply  hollowed,  forming  the  lyi 
or  infratemporal   fossa  (fossa   infratemporalis) ;    this   in    topographical    anah 
corresponds  to  the  pterygo-maxillary  region.     The   student  must  bear  in  i 
that,  in   examining   this   space,  the  ramus  and   coronoid   process   of   the  1 
jaw  form  its  outer  wall ;  but  this  bone  for  the  present  being  withdrawn,  enabl 
to  get  a  better  view  of  the  boundaries  of  the  space.     In  front  its  anterior 
is  formed  by  the  convex  posterior  or  zygomatic  surface  (facies   infratempon 
of  the  superior  maxilla,  which  rises  behind  the  socket  for  the  last  molar  tootlj 
form  the  tuberosity  (tuber-maxiUare).     Anteriorly  the  zygomatic  surface  of  the  up 
jaw  is  separated  from  its  facial  aspect  by  the  rounded  inferior  margin  of  the 
or  zygomatic  process  which  supports  the  malar  bone.     This  latter  curves  out 
and  backwards,  forming  part  of  the  upper  and  anterior  wall  of  the  fossa.     On  the 
surface  of  this  wall  will  be  seen  the  suture  uniting  the  malar  and  superior  maxi 
bones  (sutura  zj'gomatico-maxillaris),  which  runs  obliquely  upwards  and  in^ 
to  reach  the  external  extremity  of  the  spheno-maxillary  fissure,  the  lower  bo] 
which  forms  the  superior  boundary  of  the  zygomatic  surface  of  the  upper  jaw, 
this  aspect  of  the  bone  are  to  be  seen  the  openings  of  the  posterior  dental  OMIJ 
(foramina  alveolaria)  two  or  more  in  number,  which  transmit  the  nerves  «i 
vessels  to  the  upper  molar  teeth.     The  inner  wall  of  the  zygomatic  fossa  is  (onat 
by  the  outer  surface  of  the  external  pterygoid  plate  (lamina  lateralis  prooeM 
pterygoidei),  the  widtli  and  shape  of  which  varies  greatly ;  its  posterior  border, 
thin  and  sharp,  and  often  furnished  with  spiny  points,  to  one  of  which  the  pteiyf 
spinous  ligament,  which  stretclies  from  this  border  to  the  alar  spine  of  the  sphena 
is    attached.      It    occasionally    happens    that    this    ligament    becomes    ossififl 
Anteriorly  the  external  pterygoid  plate  is  separated  from  the  superior  maxil 
above  by  an  interval  called  the  pterygo-maxillary  fissure.     Below  this  the  bones  « 
apjiarently  fused,  but  a  careful  inspection  of  the  skull,  together  with  an  examin 
tion  of  the  disarticulated  bones,  will  enable  the  student  to  realise  that,  wedged : 
between  the  two  bones  at  this  point,  is  a  part  of  one  of  the  smaller  bones  of  tl 
face,  the  tuberosity  of  the  palate  bone  (processus  pyramidalis  ossis  palatini). 

The  lower  }x)rder  of  the  external  pterygoid  plate  is  usually  curved  and  slight 
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Superiorly,  where  the  external  pterygoid  plate  is  generally  narrower,  it 
ipwards  to  become  continuous  with  the  broad  under  surface  of  the  great 
the  sphenoid ;  this,  which  overhangs  in  part  the  zygomatic  fossa  superiorly, 
d  above  by  the  infratemporal  crest  which  separates  its  zygomatic  from  its 
i  surface.  The  zygomatic  surface  of  the  great  wing  of  the  sphenoid  is 
in  front  and  below  by  the  edge  which  forms  the  upper  boundary  of  the 
naxillary  fissure,  whilst  behind  it  reaches  as  far  back  as  the  inner 
;y  of  the  Glaserian  fissure,  where  it  terminates  in  the  alar  spine.  It  is 
is  point  that  the  suture  (sutura  spheno-squamosa)  curves  forward  and 
to  reach  the  region  of  the  pterion.  The  infratemporal  or  zygomatic 
f>f  the  great  wing  of  the  sphenoid,  and  the  outer  surface  of  the  external 
d  plate,  alike  afford  extensive  attachments  for  the  external  pterygoid 
whilst  the  former  is  pierced  by  minute  canals  for  the  transmission  of 
7  veins.  Occasionally  a  larger  vascular  foramen  is  present  (foramen  Vesalii), 
which  a  vein  runs  from  the  cavernous  sinus  within  the  cranium  to  the 
id  venous  plexus  situated  in  the  pterygo-maxillary  region.  Immediately 
he  root  of  the  external  pterygoid  plate  there  is  a  large  oval  hole,  the  foramen 
nd  behind  that,  and  in  line  with  the  alar  spine,  is  the  smaller  foramen 
B.  These  two  foramina  cannot  usually  be  seen  in  a  side  view  of  the  skull, 
better  studied  when  the  base  is  examined ;  they  are  mentioned,  however, 
they  transmit  structures  which  here  pass  from  and  enter  the  cranium,  viz. 
trior  maxillary  division  of  the  fifth  nerve,  together  with  its  motor  root,  and 
.11  meningeal  artery  through  the  foramen  ovale,  and  the  middle  meningeal 
ind  its  companion  veins  through  the  foramen  spinosum.  A  i>art  of  the 
us  temporal  also  forms  a  small  iK)rtion  of  the  roof  of  this  fossa ;  it  consists 
ingular  area  immediately  in  front  of  the  eminentia  articularis,  and  between 
the  anterior  root  of  the  zygomatic  process  of  the  temjwral,  which  is  here 
:  inwards  and  forwards,  to  become  continuous  with  the  infratemporal  crest. 
Uy  this  surface  is  continuous  with  the  zygomatic  surface  of  the  great  wing 
sphenoid,  separated  from  it,  however,  by  the  hinder  part  of  the  spheno- 
sal  suture. 

en  the  lower  jaw  is  in  position,  the  zygomatic  fossa  is  concealed  by  the 
>f  the  mandible,  the  inner  surface  of  which,  in  its  ui>per  half,  forms  the  outer 
that  space.  Viewed  from  the  outer  side,  the  ramus  of  the  inferior  maxilla 
»  c^>nsiderable  differences  in  different  skulls.  These  are  mainly  due  to  varia- 
i  its  width  and  in  the  nature  of  the  angle  which  it  fonns  at  its  fusion  with 
[y  of  the  bone.  A  considerable  interval  separates  the  posterior  border  of  the 
from  the  front  of  the  mastoid  process.  Within  this  space  may  be  seen  the 
*erior  edge  of  the  tsrmpanic  plate  (vaginal  process),  from  which,  just  below 
emal  auditory  meatus,  the  styloid  process  of  the  temporal  bone  is  o})served 
downwards  and  slightly  forwards.  The  width  and  lieight  of  the  coronoid 
vary  much,  oftentimes  reaching  the  level  of  the  top  of  the  condyle.  Its 
ity,  when  the  lower  jaw  is  closed,  lies  just  within  the  fore-part  of  the  zygo- 
irch  ;  at  other  times  it  rises  to  a  much  higher  level,  so  that  its  point  may  be 
X)ve  the  level  of  the  upper  border  of  the  zy^^omatic  arch.  The  ])osterior 
f  the  coronoid  process  forms  the  anterior  border  of  the  sigmoid  notch,  and 
in  front  the  interval  left  between  the  lower  border  of  the  posterior  half  of 
l?oniatic  arch  and  the  upper  hollowed  edge  of  the  ramus.  On  looking  into 
t^rval,  the  tioor  of  the  zygomatic  fossa  may  be  seen,  formed  anteriorly  by  the 
il  pter^'goid  plate;  whilst  posteriorly  it  is  povssible  to  pass  a  probe  right 
the  base  of  the  skull  from  one  sigmoid  notch  to  the  other,  the  shaft  of  the 
ying  immediately  behind  the  pterygoid  processes  of  the  8])henoid,  and  cross- 
i  foramina  ovalia,  through  which  the  inferior  maxillary  divisions  of  the  fifth 
pass. 

fj  nmiu  and  coronoid  process  are  so  placed  as  to  occupy  a  position  inter- 
e  between  the  zygomatic  arch  externally  and  the  external  ])terygoid  plate 
dly ;  their  inner  surface,  therefore,  forms  the  outer  wall  of  the  zygomatic  fossa. 
level  with  the  surface  of  the  crowns  of  the  teeth  of  the  lower  jaw,  and 
d  about  the  middle  of  this  aspect  of  the  ramus,  is  the  inferior  dental  foramen 
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(foramen  mandibulare),  the  superior  opening  of  the  inferior  dental  canal  (q 
mandibulse),  which  traverses  the  body  of  the  bone.     Through  this  foramen  i 
paws  the  inferior  dental  branch  of  the  inferior  maxiUarj  division  of  the  fifth  j 
together  with  the  inferior  dental  artery  and  itts  cumpanioD  veioa     As  will 
seen,  when  the  lower  jaw  is  in  position,  the  zygomntio  fossa  ia  closed  in  ex% 
by  the  ramus  of  the  mandible.     In  front  there  is  an  intervial  between  the  . 
border  of  the  ramus  and  the  zygomatic  surface  of  the  superior  maxilla,  thr 
which  pass  the  buccal  branch  of  the  fifth  Derve  and  the  communicating 
between  the  pterygoid  plexus  and  the  facial  vein.     Above,  in  tlie  interval  liet^ 
the  sigmoid  edge  and  the  lower  border  of  the  zygoimitic  arch,  there  pass  fn 
fossa  the  vessels  and  nerves  which  supply  the  masseter  muecle^     Between] 
posterior  border  of  the  ramus  and  the  styloid  process  there  enter  and  leavi 
large  vessels  which  are  found  within  the  spat^e.     Su|>eriorly,  under  cover 
zygomatic  arch,  the  zygomatic  fossa  communicates  with  the  tempoml  foeaa,  i 
inferiorly  it   is  continuous  with  the  inframaxillary  region.      Internally,  on^ 
floor  of  the  fossa  there  is  an    r-shaped  fissure,  the  liorizontal   limb  of 
corresponds  to  the  spheno-mazillary  flssnre,  forming  a  channel  of  cotmnun ' 
between  the  fossa  and  the  orbit,  through  which  passeR  the  orbital  branch  ^ 
superior  maxillary  division  of  the  fifth  nerve ;  whilst  the  vertical  cleft  is  the  ] 
maxillary  fissure,  which  leads  into  a  small  fossa  placed  between  the  front  of  I 
of  the  pterygoid  process  of  the  sphenoid  and  the  back  of  the  superior  maxilla,! 
the  spheno-mazillary  fossa  (fossa  pterygo-palatina). 

3  he  following  foramina  open  into  the  zygomatic  foasa^ — the  foramen 
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Fi(».  120.— Coronal  Section  through  the  Spheno- .Maxillary  Fossa  ok  the  Kiuht  diuft. 

A.  Anterior  Wnll.     R  Posterior  Wall.     C.   Diagrammatic  representation  of  a  horizontal  section  acrov  4 

fossa. 


1.  Spheno-palatine  roraiiien. 

2.  A|)ex  of  orbital  cavity. 

3.  Hpheno-nuxillary  tlHtiure. 

4.  Sph»>iio-riuixillary  tlssnre. 

5.  Pt«*ryKO-iimxlllary  fl>wiiro. 
(5.  Dental  foramina. 

7.  Part  of  pterygoitl  fnf  sa. 


JS,  0,  10.  Po8t«rior  palatini  and  ac- 
cessory palatini  canals. 

11.  Foramen  rotundiun. 

12.  Sphenoidal  fifiKure. 
18.  Optic  foramen. 

14.  Sphenoidal  siniw. 

15.  PteryRo- palatine  canal. 
1«».  Vidian  canal. 


17.  Spheno-palatine  fbrsina. . 

18.  Siiheno-inaxillarj  foHft. 
li*.  Infra-orbital  groove. 

20.  .Spheno-maxillary  flmmi. 

21.  Pterygo-niaxiUary  flsmr^ 

22.  Furameti  rotundmn. 

23.  Vidian  canal. 

24.  Pterygo-palatlne  canaL 


foramen  spinosum,  posterior  dental  foramina,  inferior  dental  foramen,  mini 
foramina  lor  the  transmission  of  emissary  vems;  of  these  one  of  large  size 
occasionally  present,  the  foramen  of  Vesalius. 

Spheno-Majullary  Fossa. — This  space,  which  corresponds  to  the  angular  inter 
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leen  the  pterygo-maxillary  and  spheno-maxillary  fissures,  and  which  lies 
reen  the  maxilla  in  front  and  the  root  of  the  pterygoid  process  behind,  is 
Bded  internally  by  the  vertical  plate  of  the  palate  bone,  which  separates  it 
i  the  nasal  cavity,  with  which,  however,  it  communicates  by  means  of  the 
mo-palatine  foramen,  which  lies  between  the  orbital  and  sphenoidal  processes  of 

palate  lK>ne  and  the  under  surface  of  the  body  of  the  sphenoid.  Opening 
» this  fossa,  above  and  behind,  are  the  foramen  rotundum,  the  Vidian  canal  and 

pterygo-palatine  canal  from  without  inwards,  whilst  below  is  the  superior 
«e  of  the  posterior  palatine  canal,  together  with  openings  of  the  accessory 
wrier  palatine  canals.  Its  roof  is  formed  by  the  under  surface  of  the  body  of 
sphenoid  and  the  orbital  plate  of  the  palate  bone.  Anteriorly  it  lies  in  relation 
die  apex  of  the  orbit,  with  which  it  communicates  by  means  of  the  spheno- 
dllary  fissure  ;  whilst  externally,  as  already  stated,  it  communicates  with  the 
oxnatic  fossa  through  the  pterygo-maxillary  fissure. 

Norma  Occipitalis. 

This  view  of  the  cranium  includes  the  posterior  halves  of  the  two  parietal 
iBB  above,  the  tabular  part  of  the  occipital  bone  below,  and  the  mastoid  portions 
the  temporal  liones  on  either  side  iuferiorly.  The  shape  of  this  aspect  of  the 
■n  varies  much,  but  ordinarily  the  greatest  width  correspomls  to  the  level  of  the 
cietal  eminences.  The  sutures  on  this  view  of  the  calvaria  display  a  tri-radiate 
angement,  one  limb  of  which  is  vertical,  and  corresponds  to  the  posterior  part  of 
t  interparietal  or  sagittal  suture  (sutura  sagittalis).  The  otlier  two  limbs  pass 
twards  and  downwards  in  the  direction  of  the  mastoid  processes,  uniting  the  two 
netal  bones  in  front  with  the  occipital  bone  behind ;  these  constitute  the  A-shaped 
■Moid  satnre  (sutura  lambdoidea).  The  point  of  confluence  of  the  sagittal  and 
ubdoid  satures  is  called  the  lambda.  This  can  generally  be  felt  in  the  living, 
ring  to  the  tendency  of  the  tabular  part  of  the  occipital  to  project  slightly 
BD^ately  below  this  spot.  About  one  inch  and  a  quarter  above  the  lambda  the 
10  small  parietal  foiamina  (foramina  parietalia)  are  seen,  through  which  pass  the 
■all  emissary  veins  of  Santorini,  which  connect  the  intracranial  venous  system 
ith  the  sut>erficiiil  veins  of  scalp.  These  small  holes  lie  about  ^V  ^^  *^  i^ch  apart 
a  either  side  of  the  sagittal  suture,  which  here,  for  the  space  of  about  an  inch, 
iapLiys  a  simplicity  of  outline  in  striking  contrast  with  its  serrated  arrangement 
bewhere.  The  term  obelion  is  applied  to  a  point  on  the  sagittal  suture  in  line 
rith  the  two  parietal  foramina.  The  lambdoid  suture  is  characterised  by  great 
mgularity  <:»f  outline,  and  not  unfrequently  chains  of  separated  ossicles  are  met 
lith  in  it,  the  so-calleil  Wormian  bones.  The  tabular  part  of  the  occipital  bone  is 
fivide^l  into  two  parts  by  the  superior  curved  line  (linea  nucha^  superior),  the 
BBDirdl  ^lart  of  which  forms  the  external  occipital  protuberance  (protuberantia 
ndpitalis  exterior).  The  part  above,  called  the  occipital  surface  (planum  occipitale). 
■Wks  within  our  present  consideration ;  the  part  below,  the  nuchal  surface  (planum 
inchale,  though  seen  in  perspective,  had  best  be  considered  when  the  base  is 
ocanmied.  A  little  alx>ve  the  level  of  the  superior  curved  line  the  occipital  surface 
m  cn^fided  on  either  side  by  a  faint  lunated  line,  the  highest  curved  line  (linea 
■nchae  suprema)  to  which  are  attached  the  occipitales  muscles  and  the  epicranial 
ipmeurosis.  The  projection  of  the  occipital  surface  varies  much  in  individual 
ikalls;  most  frequently  it  overhangs  the  external  occipital  protuberance,  forming  a 
diaiinct  1k).**.s  ;  exceptionally,  however,  the  latter  may  be  the  most  projecting  part  of 
tbe  lone.  The  extremity  of  the  superior  curved  line  on  either  side  corresponds  to 
thejiosition  of  the  asterion  (p.  154).  External  to  these  points  the  outline  of  the 
«kuU  ifi  tletermined  by  the  downward  projection  of  the  mastoid  processes,  the  inner 
aorfaces  of  which  are  deeply  grooved  for  the  attachment  of  the  posterior  bellies  of 
thf  iligastric  muscles,  thus  causing  these  processes  to  appear  more  pointed  when 
rkved  from  this  aspect. 

Norma  Verticalis. 
This  is  the  view  of  the  calvaria  as  seen  from  above.     It  is  liable  to  great 
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diversities  of  form.     Thus  its  shape  may  vary  from  an  elongated  oval  to  an 
more  nearly  circular.     These  differences  have  been  classified,  and  form  im^ 
distinctions  from  a  craniometrical  standpoint  (p.  178),  the  rounder  varieties 
termed  the  brachycephalic,  whilst  the  elongated  belong  to  the  dolichocephalic 
Another  noteworthy  point  in  this  view  is  the  fact  that  in  some  instanoei 
zygomatic  arches  are  seen,  whilst  in  others  they  are  concealed  by  the  o' 
and  bulge  of  the  sides  of  the  fore-part  of  the  cranium.     The  former  condil 
described  as  phoenozygous,  the  latter  as  crsrptozygons,  and  each  is  more  or  leas 
associated  with  the  long  or  round  varieties  of  head-form  respectively. 

The  sutures  displayed  have  a  T-shaped  arrangement.  Placed  mesially  bet* 
the  two  parietal  bones  is  the  sagittal  suture.  This  is  finely  denticulated,  exoep 
the  region  of  the  obelion,  though,  of  course,  this  will  not  be  apparent  if  obliteni 
of  the  suture  has  taken  place  through  fusion  of  the  two  parietal  bones.  PoBteri 
the  sagittal  suture  unites  with  the  lambdoid  suture  at  the  lambda,  which 
in  the  adult  the  position  of  the  posterior  fontanelle  of  the  foetua  Anterioi 
terminates  by  joining  the  transverse  suture  which  separates  the  frontal  I 
anteriorly  from  the  parietals  behind ;  this  latter  is  called  the  coronal  suture,  an4 
point  of  junction  between  the  sagittal  and  coronal  sutures  is  known  as  the 
which  corresponds  in  position  to  the  anterior  fontanelle  of  the  foetua  The 
of  the  vault  of  the  calvaria  corresponds  to  a  variable  point  in  the  line  of  the 
suture,  and  is  named  the  vertex.  The  coronal  suture  is  less  denticulated  centrallv  I 
laterally.  Occasionally  there  is  a  i)er8istence  of  the  suture  which  unites  the 
halves  of  the  frontal  bone ;  under  these  conditions  the  line  of  the  sagittal  sal 
carried  forward  to  the  fronto-nasal  suture,,  and  a  skull  displaying  this  peci  " 
described  as  metopic.  Behind  the  coronal  suture  may  occasionally  be  sec 
post-coronal  depression  (p.  154),  and  in  some  instances  the  vault  of  the  calvaria 
a  broad,  slightly  elevated  crest  along  the  line  of  the  sagittal  suture.  On 
side,  the  temporal  ridges  can  be  seen  curving  over  the  lateral  and  superior 
of  the  parietal  bones.  As  the  lower  of  these  crosses  the  coronal  suture  in 
marks  a  spot  known  as  the  stephanion,  useful  as  affording  a  fixed  point  from 
to  estimate  the  bi-stephanic  diameter.  The  interval  between  the  temporal 
on  either  side  will  vary  according  to  the  form  of  the  skull  and  the  develop] 
the  temporal  muscle.  In  this  view  of  the  calvaria  a  small  part  of  the  laml 
suture  on  either  side  of  the  laml)da  is  visible  posteriorly. 

Norma  Basalis. 

The  base  of  the  cranium — i.e,  the  skull  without  the  mandible — includes  a  deseri 
tion  of  the  under  surfaces  of  the  skeleton  of  the  face  (cranium  viscerale)  and  I 
cranium  (cranium  cerebrale).  The  former  includes  the  hard  palate  formed  by  I! 
superior  maxillae  and  palate  bones,  the  superior  dental  arch,  and  the  bodies  of  I 
superior  maxilliB  as  seen  from  below  ;  whilst  externally,  and  united  with  the  hodieif 
the  8U|>erior  maxilla,  the  malar  bones  are  displayed,  curving  backwards  to  form  li 
anterior  halves  of  the  zygomatic  arches.  In  the  middle  line,  passing  fn^m  the  uM 
surface  of  the  hard  palate,  is  the  osseous  st^ptum  of  the  nose,  here  formeal 
the  vomer,  which  is  unit<id  above  to  the  under  surface  of  the  body  of  t 
sphenoid. 

The  under  surface  of  the  cranium  is  pierced  l)y  the  foramen  magnum  for  4 
transmission  of  the  spinal  cord  and  its  membranes.  In  front  of  this  a  stout  bsr 
bone  extends  forwards  in  the  middle  line,  formed  by  the  union  of  the  body  of  1 
sphenoid  in  front  with  the  ba^silar  process  of  the  occipital  bone  behind.  In  adi 
skulls  all  trace  of  the  fusion  of  these  two  bones  has  disappeared ;  when  union  is  i 
complete,  it  indicates  that  the  skull  is  that  of  a  person  below  the  age  of  twenty-ft 
The  sphenoid  comprises  that  part  of  the  Ccalvaria  which  forms  the  roof  and  sidel 
the  apertures  which  lie  on  either  side  of  the  nasal  septum  above  the  hard  pall 
— the  choans  or  posterior  nares.  Ltiterally  the  under  surfaces  of  the  gn 
sphenoidal  wings  extend  as  far  forward  as  the  posterior  border  of  the  spha 
maxillary  fissure ;  whilst  posteriorly  they  reach  as  far  as  the  alar  spine,  extetnaJ 
which  the  spheno-squamosal  suture,  separating  the  great  wing  of  the  sphenoid  & 
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Ititt  miticfiliiri«»  to  reut'li  the  tittor  i^l'  the  temporal  toBsa,  along  which  itBcouiBe 
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has   been  already  traced  (p.  155).     Ou  a   level  with  the  front  of  the  foi 
magnum  the  jugular  process  of  the  occipital  bone  forms  an  irregular  curved 
which  sweeps  outwards  to  terminate  at  a  point  just  internal  to  the  root  of 
styloid  process.     Hero,  in  line  with  the  spheno-squamosal  suture,  from  which, 
ever,  it  is  separated  by  a  considerable  interval,  its  extremity  turns  backwards, 
may  be  traced  at  first  internal  to,  and  then  turning  upwards,  l)ehind  the 
process  of  the  temporal  bone,  separated  from  this  latter  by  the  occipito 
suture.     The  bone  behind  the  foramen  magnum,  which  is  included  between 
two  occipito-mastoid  sutures,  comprises  the  nuchal  surface  of  the  tabular  portii 
the  occipital  bone,  an  area  which  is  limited  behind   by  the  superior  conred 
which  separates  it  from  the  occipital  surface  of  the  same  bone.     The  re: 
portions  of  the  base  of  the  calvaria,  as  at  present  exposed,  are  formed  by 
squamous  and  tsrmpanic  portions  of  the  temporal  bone  together  with  the  petro-] 
part  of  the  same  bone,  the  latter  of  which  is  wedged  in  between  the  great 
the  sphenoid  in  front  and  the  occipital  bone  behind.     Stretching  forwards  from 
squamous  temporal  in  front  is  seen  the  zygomatic  process  which,  by  its  union 
the  malar,  completes  the  formation  of  the  zygomatic  arch. 

Studying  next  the  various  parts  in  detail,  the  hard  palate  (palatum  durum) 
be  first  examined.     Of  horse-shoe  shape  as  a  rule,  it  presents  many  varieties  of 
line  and  size.     Formed  by  the  palatal  processes  (processus  palatini)  of  the  su] 
maxilhe  in  front  and  the  horizontal  plates  (partes  horizontales)  of  the  palate 
behind,  its  circumference  in  front  and  at  the  sides  corresponds  to  the 
alveolar  arch,   in   which   are    embedded   the    sixteen   teeth   of    the   upper 
posteriorly  the  edge  of  the  hard  palate  is  thin,  ending  mesially  in   a   poi 
process,  the  posterior  nasal  spine  (spina  nasalis  posterior),  on  either  side  of  which 
posterior  free  torder  is  sharp  and  lunated.     The  vault  of  the  jMilate,  whi 
concave  from  side  to  side,  and  from  l)efore  backwards,  varies  in  depth  acco)  " 
the  projection  and  development  of  the  alveolar  processes.     When  the  teeth  are 
and    the  alveoli  are  absorbed,  the   palate   becomes   shallow  and   flat.     Ei 
throughout  its  entire   length  in   the  middle   line  is   the  middle  palatine 
(sutura  palatina  mediana),  which  separates  the  palatal  processes  of  the  su 
maxilke  in  front  and  the  horizontal  plates  of  the  palate  bones  behind.     A 
behind  the  central  incisor  teeth,  and  in  the  line  of  this  suture,  is  a  little  pit, 
anterior  palatine  canal  or  fossa  (foramen  incisivum).     At  the  bottom  of  this  maj 
seen  the  openings  of  some  small  canals,  varying  in  number  from  one  to  four; 
are  usually  described  as  arranged  in  two  pairs,  the  one  pair  placed  side  by 
the  other  lying  mesially  in  front  and  behind.     The  former  are  called  the  * 
foramina,  or  foramina  of  Stenson,  and  transmit  the  terminal  twigs  of  the  supeii 
or  des(;ending  palatine  arteries  wliich  ascend  to  reach  the  nasal  fossae.     The  latt 
called  the  foramina  of  Scarpa,  open,  the  anterior  into  the  left,  the  posterior  into  I 
right  nasiil  foasa,  and  afford  passage  for  the  fine  filaments  of  the  left  and  right  nai 
palatine  nerves  resiu*ctively.     About  half  an  inch  (12  muL)  in  front  of  the  postec 
nasal  spine  the  middle  pilatine  suture  is  crossed  at  right  angles  by  the  tnuuvM 
palatine   suture  (sutura  palatina    transversa).     This,  which  indicates  the  line 
union  of  the  jmlatal  processes  of  the  suiDcrior  maxillae  with  the  horizontal  plates 
the  palate  bones,  passt^s  transversely  outwards  on  either  side  until  it  reaches  t 
inner  aspect  of  the  base  of  the  alveolar  process,  along  which  it  turns  backward, 
disap[)ear  within  the  posterior  palatine  canal  (foramen  ijalatinum  majus),  the  apertxil 
of  wliich  lies  immediately  internal  to  the  root  of  the  wisdom  molar.     Through  thj 
tliere  jwiss   the  superior  or  dt^scending  palatine  artery  and  the  large  descendill 
jmlatine  nerve.     I^Niding  from  tliis  foramen  is  a  groove  which  curves  forward  m 
mediately  to  the  inner  side  of  the  alveolar  arch ;  not  unfrequently  the  inner  edg 
of  this  groove  forms  a  tliin  and  sharp  ridge  on  the  surface  of  the  palate.     In  tin 
groove  are  lodged  the  aforementioned  vessels  and  nerves.     The  surface  of  the  pahl 
in  front  of  the  transverse  suture  is  rough,  pitted  for  the  jialatine  glands,  and  pierced ll| 
numerous  small  vascular  foramina  ;  the  )Mirt  of  the  pilat'C  behind  the  suture,  forms 
by  the  under  surface  of  the  liorizont^il  plate  of  the  palate  bone,  is  much  smooths 
From  this  then;  rises,  just  posterior  to  tlie  orifice  of  the  posterior  palatine  canal, 
thin  sharp  crest  which  curves  inwards  immediati»ly  in  front  of  the  posterior  fin 
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;  to    this    are   attached   some  of  the  tendinous  fibres  of  the  tensor  palati 

fterygoid  Processes. — Buttressed  against  the  hinder  extremitit^s  of  the  alveolar 
are  the  pterygoid  processes  of  the  sphenoid.  If  carefully  examined,  these 
be  seen  not  to  he  in  actual  contact  with  the  maxilla^  but  to  be  se^iarated  from 
a  by  the  triangular  wedge-shaped  tuberosities  (proc.  pyraniidales)  of  the  palate 
&  It  is  these  latter  which  are  pierced  by  the  posterior  and  external  accessory 
fciHB  canals  (foramina  palatina  minora)  which  lie  just  behind  the  posterior  pala- 
canal,  and  through  which  pass  the  lesser  palatine  nerves.  As  here  displayed, 
pteiTsoid  processes  (processus  pterygoidei)  of  the  sphenoid  lie  on  either  side  of 
opening  of  the  posterior  nares ;  each  consists  of  two  plates,  an  internal  (lamina 
ialis)  and  an  external  (lamina  lateralis);  the  latter  is  the  broader,  and  is 
eted  backwards  and  slightly  outwards.  Its  external  surface  has  been  already 
lied  in  connexion  with  tlie  zygomatic  fossa  (p.  loG).  Internally  it  is  separated 
Q  the  inner  pterygoid  plate  by  the  pterygoid  fossa  (fossa  pterygoidea),  wlierein 
odged  a  considerable  part  of  the  internal  pterygoid  muscle.  The  floor  of  the 
a  is  formed  in  greater  part  by  the  coalescence  of  the  two  pterygoid  plates ;  Ijut 
jbe  level  of  tlie  hard  palate  the  tuberosity  of  the  palate  bone  appears  wedged  in 
ween  the  two  plates,  and  so  enters  into  the  formation  of  tlie  floor  of  the 
lygoid  fossa.  The  internal  pterygoid  plate  separates  the  nasal  from  the 
lygoid  fossa ;  to  the  hinder  edge  of  the  internal  pterygoid  plate  are  attached  the 
iryngeal  aponeurosis,  the  superior  constrictor  of  the  pharynx,  and  the  palato- 
izyngeus  muscle.  Above,  the  posterior  border  of  this  plate  is  channelled  to 
■1  the  small  scaphoid  fossa  (fossa  scaphoidea),  which  curves  outwards  over  the 
umit  of  the  pterj'goid  fossa,  and  furnishes  a  surface  for  the  origin  of  the  ttmsor  palat; 
Mcle.  The  sharp  inner  margin  of  this  fossa,  continuous  below  with  the  posterior^ 
ider  of  the  internal  pterygoid  plate,  extends  upwards,  and  on  either  side  of  the 
ij  of  the  sphenoid  forms  a  blunt  pointed  process,  the  pterygoid  tubercle,  which 
lends  backwards  towards  the  apex  of  the  petrous  part  of  the  temporal  bone, 
■k  external  to  this,  and  concealed  by  it,  is  the  hinder  extremity  of  the  Vidian 
■d  (canalis  Vidianis),  through  which  pass  the  Vidian  vessels  and  nerve.  The 
Mr  surface  of  the  internal  pterygoid  plate  is  directed  towards  the  nasal  fossie.^ 
qieriorly  this  surface  curves  inwards  to  meet  the  under  surfiice  of  the  body  of  the 
ibenoid.  forming  on  either  side  a  lipped  edge,  the  vaginal  process  (processus  va<:,dualis), 
Aween  which  the  ahe  of  the  vomer,  which  hero  forms  the  imsal  septum,  are 
edged.  Between  the  two  a  small  interval,  however,  is  occasionally  left,  which  forms 
ft  either  sitie  the  basi-pharyngeal  canal.  A  little  external  to  the  line  of  union  of 
Im  vaginal  process  with  the  vomer  is  the  opening  of  the  pterygo-palatine  canal 
auali**  pharyngeus).  This  lies  between  the  under  surface  of  the  vaginal  ])rocess 
•d  the  sphenoidal  process  of  the  palate  bone,  whiuh  here  ariieulates  with  the 
lienor  surface  of  the  body  of  the  sphenoid.  The  pliaryngCiil  )>raiich  of  the 
pheno-i^alatine  ganglion  and  the  pterygo-palatine  artery  pass  through  this  canal. 
Bferi«'»riy  the  ]»terygoid  processes  project  below  the  level  of  the  hard  palate.  The 
mer  plate  ends  in  a  slender  recurved  proces.s,  called  tlio  hamular  process  (hauiulus 
(lOTgnideusj,  whicli  tunis  backwards  and  outwards  ;  this  is  frequently  ))rokeu  off  in 
knlh  which  have  been  roughly  handled.  It  reaches  as  low  as  the  level  of  the 
iheolar  nuirgin,  and  lies  just  within  and  l)ehind  the  ]iosLerior  extremity  of  the 
ilverihr  process.  It  c-an  readily  Ije  felt  in  the  living  by  i)laeing  the  fin<rer  against 
ihe.^jft  ]"jihite  behind  and  just  within  the  gum  around  the  root  of  t\u)  wisdom 
iooth-  On  the  front  of  and  lielow  this  process  the  tendon  of  the  tensor  i)alati 
noscle  glides  in  a  groove. 

The  posterior  nares  (choanse)  he  within  and  between  the  pterygoid  pr(X'esses. 
)f  4  s>ha{)e  much  resembling  two  Gothic  windows,  their  bases  or  inferior  boundaries 
tt%  formetl  by  the  horizontal  plates  of  the  palate  bom^  Externally  they  are 
■junded  by  the  inner  surfaces  of  the  internal  pterygoid  plates,  whilst  above,  the 
»«3lrr  .sitle  of  the  arch  is  formed  by  the  vaginal  processes  of  the  wmn'  ])late;  intern- 
Jlr  they  are  sex)arated  by  the  thin  vertical  posterior  1  under  of  tlie  vomer,  wiiilst 
bov*^  the  everted  alfc  of  the  same  bone  form  the  inmu'  sides  of  the  arch.  The 
lane  of  these  apertures  is  not  vertical  but  oblique,  corres])onding  usually  to  a 
12a 
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line  drawn  from  the  bregma  above  through   the  last  molar  tooth  of  the 
jaw  below.     Their  size  varies  considerably,  but  the  height  is  usually  equal  to  I 
the  width. 

The  region  of  the  cranium  which  lies  external  to  the  superior  maxilhjj 
external  pterygoid  plate  corresponds  to  the  zygomatic  fossa,  which  has  been 
described  as  seen  from  the  side  (norma  lateralis,  p.  156).     Viewed  from  bel 
zygomatic  fossa  is  bounded  in  front  by  the  posterior  surface  of  the  body 
superior  maxilla  and  the  internal  surface  of  the  malar  bone.     The  roof,  wi 
traversed  by  the  spheno-squamosal  suture,  is  formed  in  front  by  the  under  i 
of  the  great  wing  of  the  sphenoid,  and  behind  by  a  small  triangular  surface  ( 
under  side  of  the  squamous  part  of  the  temporal  bone  immediately  in  front  ( 
eminentia  articularis. 

Circumscribed  externally  and  behind  by  the  anterior  root  of  the  zygoma, ' 
curves  forward  to  become  continuous  in  front  with  the  infra-temporal  crest  i 
the  external  surface  of  the  great  wing  of  the  sphenoid,  the  roof  of  the  fa 
separated  from  its  anterior  wall  by  the  spheno-mazillary  fissure,  which  is  so  in 
that  with  its  fellow  of  the  opposite  side  it  forms  an  angle  of  90  .     Superior 
zygomatic  fossa  communicates  freely  with  the  temporal  fossa  beneath  the 
matic  arch,  though  the  student  must  l)ear  in  mind  the  fact  that  when  the  inf 
maxilla  is  in  position  the  external  limits  of  the  space  are  very  nmch  reduced  (p.  ] 

The  under  surface  of  the  great  wing  of  the  sphenoid  is  here  V-shaped. 
angle  corresponds  to  the  spine,  the  outer  limb  to  the  spheno-squamosal 
whilst  the  inner  limb  corresponds  to  a  narrow  cleft,  the  fissura  spheno-|] 
which  separates  it  from  the  petrous  portion  of  the  temporal  bone  to  which  i 
united  in  the  recent  condition  by  a  synchondrosis.     Along  the  line  of  this  " 
fissure  the   edges  of  the   adjacent   bones   (sphenoid   and   petrous   temporal)] 
bevelled  so  as  to  form  a  groove,  which  extends  from  the  root  of  the  inner  pt 
plate  internally,  to  the  inner  side  of  the  base  of  the  alar  spine  externally, ' 
the  groove  ends  by  entering  an  osseous  canal.    In  the  groove  (sulcus  tubse  auditi 
is  lodged  the  cartilaginous  part  of  the  Eustachian  tube,  whilst  the  osseous 
inchides  the  bony  part  of  the  same  tube,  together  with  the  tensor  tympani  mn 
which  is  lodged  in  a  separate  compartment  immediately  above  it.     The  ant 
extremity  of  the  cartilaginous  part  of  the  Eustachian  tube  is  supported  by 
posterior  edge  of  the  internal  pterygoid  plate,  which  is  often  notched  for  its  i 
tion.     Between  the  root  of  the  external  pterygoid  plate  and  the  alar  spine  1 
are  two  foramina  which  lie  immediately  in  front  of   the  sulcus  tubse  audili 
Of  these  the  larger  and  anterior  is  the   foramen  ovale,  through  which  pass 
motor  root  and  inferior  maxillary  division  of  the  fifth  nerve,  together  with 
small  meningeal   artery.     The  smaller,  which   from  its  position  immediately  j 
front  of  the  alar  spine  is  called  the  foramen  spinosum,  transmits  the  middle 
geal  artery  and  sympathetic  plexus  surrounding  that  vessel.     The  lesser  suj 
petrosal  nerve  here  passes  through  the  base  of  the  skull  to  join  the  otic  gang 
either  through  a  small  fommen  (canalis  innominatus)  placed  between  the  for 
ovale  and  the  foramen  spinosum,  or  through  the  foramen  ovale  or  through 
spheno-petrosal  fissure.     The  position  of  the  suture  between  the  basi-occipital  i 
basi-sphenoid  corresponds  to  a  Une  connecting  the  tips  of  the  pterygoid  tubercleil 
the  root  of  tlie  internal  pterygoid  plates. 

Occasionally  in  the  ccntn*  of  this  line  tlu*re  is  a  small  pit  with  a  foramen  leading  from  it 
probably  represont^^  the  lower  end  of  the  cranio-pharyngeal  canal. 

The  under  surface  of  the  basi-occipital  (pars  basilaris)  stretches  between  fli 
body  of  the  sphenoid  in  front  and  the  anterior  margin  of  the  foramen  magnni 
behind ;  projecting  from  its  centre  is  a  slight  elevation,  the  pharsmgeal  tabani 
(tuberculum  pharyngeum),  to  which  the  pharyngeal  aponeurosis,':together  with  til 
central  part  of  th(^  anterior  occipito-atlantal  ligament,  is  attached.  It  should  1) 
noted,  that  when  the  atlas  is  in  position  the  pharyngeal  tubercle  lies  in  line  wit 
the  tul)ercle  on  the  anterior  arch  of  that  bone.  Curving  outwards  and  backwaid 
from  the  pharyngeal  tubercle,  on  either  side,  is  an  irregular  ridge  (crista  musculan 
in  front  and  behind  which  are  attached  the  rectus  capitis  anticus  major  and  mint 
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idea.  On  either  side  of  the  basi-occipital,  in  front,  there  is  an  in-egiilar  opening 
triable  size ;  this  is  placed  between  the  root  of  the  pterygoid  process  anteriorly, 
apex  of  the  petrous  portion  of  the  temporal  bone  externally,  and  the  outer 
e  of  the  btisi-occipital  and  basi-sphenoid  internally.  It  is  called  the  foramen 
nm  mediimi.  Opening  into  it  in  front,  just  external  to  the  pterygoid  tubercle, 
he  Vidiiui  canal,  whilst  in  corresiX)ndence  with  the  apex  of  the  petrous  temporal 
large  orifice  of  the  carotid  canal  may  \)e  seen  entering  it  behind  and  from  the 
er  side.  In  the  recent  condition  the  lower  part  of  the  foramen  lacerum  is 
apied  by  fibro-cartilage,  over  the  upper  surface  of  which  the  internal  carotid 
BTT  and  great  superficial  petrosal  nerve  pass  to  reach  their  respective  foramina, 
Ust  a  small  meningeal  branch  of  the  ascending  pharyngeal  occasionally  enters 

cranium  through  it.  Leading  outwards  from  the  foramen  lacerum  in  the 
Bccion  of  the  alar  spine  of  the  sphenoid  is  the  spheno-petrosal  fissure,  which  hes 
the  bottom  of  the  suIcob  tuba  auditivsB,  and  disappears  from  view  within  the 
ly  Knutarhian  canaL  Passing  backwards  from  the  foramen  lacerum  there  is  a 
nre  between  the  outer  side  of  the  basi-occipital  and  the  posterior  and  inner 
tder  of  the  petrous  part  of  the  temporal  bone.  This,  which  is  called  the  petro- 
ilital  flasoxe  (fissura  petro-occipitalis),  opens  posteriorly  into  the  jugular  foramen. 
:  the  recent  condition  the  fissure  is  filled  up  with  cartilage.  The  under  surface 
the  petrous  bone  included  between  these  two  fissures  is  rough  and  irregular,  and 
bids  attachments  near  its  apex  to  two  small  muscles,  the  levator  palati  and  the 
■■or  tvmpanL  Immediately  behind  the  alar  spine  the  petrous  temporal  is 
feeed  by  a  circular  hole,  the  inferior  opening  of  the  carotid  canal  (canalis  caroticus). 
feiB  passes  upwanls,  and  then  turns  inwards  and  forwards  towards  the  apex  of  the 
Be,  where  it  may  again  be  seen  opening  into  the  outer  and  upper  side  of  the 
Dunen  lacerum.  Externally  the  wall  of  the  verticiil  part  of  this  canal  which  is 
todly  very  thin,  separates  it  from  the  cavity  of  the  tympanum,  as  may  be  seen  by 
Ubg  the  skull  up  to  the  light  and  looking  into  the  external  auditor}'  meatus 
i  118).  The  carotid  canal  transmits  the  internal  carotid  artery,  together  with 
b  lympathetic  plexus  around  it.  It  is  noteworthy  that  the  two  carotid  canals 
kin  line  with  the  anterior  edges  of  the  two  external  auditory  meatuses. 

The  Jugnlar  foramen  is  an  opening  of  irregular  shape  and  size  placed  between 
le  petrous  temporal  in  front  and  the  jugular  process  of  the  occi])ital  bone 
riiind.  The  former  is  excavated  into  a  hollow  called  the  jugular  fossa,  which  forms 
luof  to  the  upper  and  outer  jmrt  of  the  spice,  whilst  the  latter,  by  a  curved  edge. 
Ether  rounded  or  sharp,  constitutes  its  posterior  border.  There  is  often  considerable 
ifcrenee  in  the  size  of  the  jugular  foramina ;  that  on  the  right  side  (witli  tlie  skull 
tt  it»  n».'nnal  i>osition)  is  usually  the  larger.  The  foramen  is  occasionally  su))- 
ibided  into  two  by  spicules  of  bone  which  bridge  across  it.  Lodgiul  within  tlie 
■ttiiithe  sinus  of  the  internal  jugular  vein,  in  front  of  whicli  the  inferior  petrosal 
■Htf  ]<is*4es  down  to  join  the  internal  jugular  vein  Ik'Iav  the  foramen.  Elfeet- 
■giD  exit  l.»etween  the  two  veins,  in  order  from  before  backwards,  are  the  ;^dosso- 

tni^^eal,  pneumogastric,  and  spinal  accessory  nerves.  Small  meningeal  branches 
the  ascending  pharyngeal  and  occipital  arteries  also  enter  the  foramen.  The 
h»  ji3ij;ular  foramina  lie  in  line  with  a  line  drawn  through  tln^  etmtres  of  the  two 
BOmial  auditory  meatuses.  Following  the  direction  of  a  line  connecting  the  alar 
^Bnenf  the  sjihenoid  and  the  mastoid  proce&s  of  the  t"ni])oral,  and  placed  inimt^di- 
ttdr  ^^xrernal  to  the  aj^ertures  of  the  carotid  eanal  and  jugular  foramen,  is  the 
HgiBal  process  r»f  the  tympanic  plate  of  the  temporal  bone,  the  edge  of  which  is 
ifcrj*  and  thin,  and  serves  to  separate  the  under  surface  of  the  petrous  temporal 
friu  the  non -articular  jmrt  of  the  glenoid  fossa.  Springing  from  this  crest  ini- 
mediately  external  to  the  jugular  fossii,  and  in  line  with  tlie  middle  of  the  external 
iwiit".»ry  meatus,  Ls  the  styloid  process  (processus  styloidenmj  of  the  temi)oral  bone 
[>  116..  Its  relation  to  the  jugular  foramen  is  of  great  im])ortance,  as  the  internal 
jOiT'JIaT  vein  lies  immediately  to  its  inner  side. 

Iiiiiiie«liately  Iwhiud  the  root  of  the  styloid  process,  internal  to  and  in  lin<»  with 

tfcr  fp.int  of  the  mastoid  ]»rocess,  is  the  stylo -mastoid   foramen  (foramtii   stylo- 

naTioideum),  the  lower  aperture  of  the  JUjuajductus  Fa.llo}>ii  through  wliic:h  the  faeial 

ierre  ]>asseH  out  and  the  stylo-mastoitl  branch  of  the  jMJsterior  aurieular  vwVeT^' 
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passes  in.     The  inner  surface  of  the  mastoid  process  is  deeply  grooved  at  its  I 
for  the  origin  of  the  posterior  belly  of  the  digastric  muscla     Internal  to  thJB,j 
running  along,  just  wide  of  the  occipito-mastoid  suture,  is  a  shallow  groove  in } 
the  occipital  artery  is  lodged.     Immediately  internal  to  the  stylo-mastoid  fa 
is   the  synchondrosis  between   the  extremity  of  the  Jugular  process   (pr 
jugularis)  of  the  occipital  bone  and  the  petrous  temporal.     The  former  is  a 
bone  which  limits  the  jugular  fossa  posteriorly  and  abuts  on  the  occipital  ( 
internally ;  its  under  surface  is  convex  from  before  backwards  and  affords  att 
to  the  rectus  lateralis  muscle.      The  occipital  condyles  (condyli  occipitales)! 
placed  between  the  jugular  processes  and  the  foramen  magnum.     Limited  in  f 
by  a  rounded  thickening  which  becomes  confluent  with  the  anterior  border  of  j| 
foramen  magnum,  they  form  by  their  inner  sides  the  lateral  boundaries  off 
aperture  on  its  anterior  half.     Externally  they  are  continuous  with  the  ju 
prcxjesses,  in  front  of  which  they  overhang  a  fossa  which  is  pierced  behind  " 
anterior  condylic  foramen  (canalis  hypoglossi),  through  which  passes  the  hyp 
nerve,  together  with  a  small  vein  and  occasionally  a  small  meningeal 
derived  from  the  ascending  pharyngeal  artery. 

The  posterior  condylic  foss»  are  situated  just  behind  the  posterior  extremitii 
the  condyles.  Not  unfrequently  their  floor  is  pierced  by  the  posterior 
foramen  (canalis  condyloideus),  through  which  the  posterior  condylic  vein  en 
The  base  of  the  skull  behind  the  jugular  processes  and  condyles  of  the  ' 
bone  is  formed  by  the  nuchal  surface  (planum  nuchale)  of  the  tabular  plate  oft 
bone.  Posteriorly  this  surface  is  bounded  by  the  superior  curved  line,  in  the  < 
of  which  is  placed  the  projecting  external  occipital  protuberance.  Laterally  I 
tabular  plate  is  separated  from  the  mastoid  portion  of  the  temporal  bone  bf\ 
occipito-uifistoid  suture,  which  curv-es  backwards  and  outwards,  from  the  ext 
of  the  jugular  process  in  front,  around  the  base  of  the  mastoid  process  behind. 
front  and  in  the  middle  line  this  plate  of  bone  is  pierced  by  the  foramen 
the  anterior  half  of  which  has  been  already  seen  to  lie  between  the 
condyles.  Usually  of  oval  form,  though  in  some  cases  it  tends  to  approach  i 
circular,  the  plane  of  this  opening  is  inclined  downwards  and  slightly  for 
The  extreme  anterior  edge  of  the  foramen  is  sometimes  called  the  basion,  whilsM 
extreme  posterior  margin  is  termed  the  opisthion.  The  lower  border  of  the  i 
oblongata,  where  it  becomes  continuous  with  the  spinal  cord,  is  lodged  within 
foramen,  together  with  the  meninges  which  cover  it,  whilst  the  vertebral 
and  the  spinal  portions  of  the  spinal  accessory  nerves  pass  upwards  through  I 
The  anterior  and  posterior  spinal  arteries,  some  small  veins,  and  the  roots  of  tl 
first  cer\'ical  nerves,  filso  traverse  it  from  above  downwards. 

The  student  will,  no  doubt,  exiwrience  considerable  difficulty  in  Wiring  in  mind  the  ] 

Citions  of  the  various  foramina  and  processes  which  he  has  studied  on  the  under  Burface  of  j| 
i  of  tlie  skull. 

If  a  line  be  dniwn  on  either  side  from  the  anterior  palatine  canal  in  front,  through  the  I 
mastoid  foramina  ])osteriorly,  it  will  Ixi  found  to  cut  or  pass  near  to  the  following  obiectB: 
the  hanl  palate  it  will  lie  close  to  the  po8t4?rior  and  accessory  palatine  canals.     It  will  theni 
between  tlie  hamular  process  and  the  external  pterj'goid  plate  overlying  the  foramen  ovals^l 
foramen  spinosum,  the  opening  of  the  osseous  Eustachian  canal  and  the  spine  of  the  sphc 
behind  this  it  will  cut  through  the  root  of  the  styloid  process  and  define  externally  the  lii 
the  jugular  fossa.     After  pius^^ing  through  the  stylo-mastoid  foramen,  if  the  line  be  proli 
backwards  it  will  usually  l>e  found  to  pass  over  the  mastoid  foramen  in  the  occipito-mt 
suture.     Another  line  of  mucli  value  is  one  drawn  across  the  base  of  the  skull  from  the 
of  one  external  auditory  meatus  to  the  other.     This  will  be  found  to  pass  through  the  ] 
the  styloid  pn>cess,  the  jugular  foramen,  the  anterior  condylic  foramen  ;  it  then  croeees  the  &d 
of  the  occipital  condyles,  and  corresponds  with  the  anterior  edge  of  the  foramen  magnuoL 

A  line  wliicli  may  Ix*  found  useful  is  one  drawn  from  the  stvlo-mastoid  foramen  of  one  ade 
the  posterior  palatine  (^nal  of  the  opposite  side.  This  will  be  seen  to  overlie,  from  behii 
forwards,  the  outor  part  of  the  jugular  foramen  and  the  inferior  opening  of  the  carotid  enl 
The  line  indicates  the  direction  of  the  carotid  canal,  and  cut«  the  foramen  lacerum  medll 
anteriorly  ;  in  front  of  this  it  usually  corresponds  to  the  position  of  the  jxwterior  aperture  of  ti 
pterygo-j)a]atine  ranal. 

The  examination  of  the  base  of  the  skull  is  incomplete  unless  the  student  examin 
it  with  the  lower  jaw  and  atlas  vertebra  in  position.  The  relation  of  the  ramus 
the  lower  jaw  to  the  zygomatic  fossa  has  been  already  sufficiently  studied  (p.  167 
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le  or  two  points,  however,  may  te  empluisised.  The  alar  spine  of  the  sphenoid 
V  just  internal  to  the  condyle  of  the  jaw  when  that  structure  is  in  position  in  the 
tk4ilar  j»art  of  the  glenoid  fossa,  and  it  is  noteworthy  that  immediately  to  the 
ner  side  of  the  alar  spine  is  the  commencement  of  the  osseous  Eustach^  tube. 
be  root  of  the  styloid  process  occupies  the  centre  of  the  interval  between  the 
andihular  ramus  and  the  front  of  the  mastoid  process. 

Anteri(jrly  the  arcade  formed  l>y  the  body  of  the  lower  jaw  adds  greatly  to  the 
ipth  of  the  hard  palate.  In  this  space  are  hxiged  the  tongue  and  the  structures 
hich  form  the  floor  of  the  mouth.  The  inner  surface  of  each  side  of  the  body  of 
le  mandible  is  traversed  by  the  internal  oblique  line  (linea  mylo-hyoidea),  which 
iinmenees  posteriorly  just  Ijehind  the  root  of  the  last  molar  tooth  and  runs  down- 
uds  and  forwards  towards  the  symphysis  in  front. 

When  the  atlas  vertebra  is  in  articulation  with  the  occipital  bone  it  is  well  to 
cognise  the  relation  of  its  transverse  processes  to  the  surrounding  structures.  The 
ctremities  of  these  processes  lie  in  line  with  the  ends  of  the  jugular  i)rocesses  of 
le  occipital  bone,  and  thus  come  to  be  placed  just  internal  to  and  immediately  below 
id  slightly  in  front  of  the  tips  of  the  mastoid  processes.  They  can  thus  be  easily  felt 
i  the  living.  Anteriorly  they  are  separated  by  a  short  interval  from  the  styloid 
PKBMBM,  and  the  stylo-mastoid  foramina  lie  immediately  in  front  and  slightly  to 
M  outer  side  of  their  extremities.  The  student  will  note  that  there  is  no  hole  in 
be  jugular  process  of  the  occipital  bono  correspcmding  to  the  arterial  foramen  in 
be  transverse  process  of  the  atlas  through  which  the  vertebral  artery  passes.  The 
Doise  of  this  vessel  over  the  upper  surface  of  the  ])08terior  arch  behind  the 
■perior  articular  processes  of  the  atlas  will  be  sren  to  coincide  with  the  posterior 
Ofidylic  lbs:?ii^  and  the  margins  of  the  foramen  magnum  inmiediately  internal 
hereto,  where  a  slight  grooving  of  tlie  edge  often  indicates  the  course  of  the  artery. 
B  front  the  anterior  tubercle  of  the  atlas  falls  in  line  with  the  pharyngeal  tubercle 
B  the  under  surface  of  the  basi-occipital,  and  the  student  must  not  overlook  the 
bet  that  the  anterior  surface  of  the  cervical  colunm  does  not  coincid«^  witli  the 
■terior  margin  of  the  foramen  magnum,  but  lies  nearly  half  an  inch  in  front  of 
Ikt,  in  a  i:oronul  plane  passing  immediately  in  front  of  the  external  auditory 
ieaius.  Behind,  the  upper  surface  of  the  posterior  arch  of  the  atlas  overlaps  the 
kinder  margin  of  the  foramen  magnum,  and  it  is  by  the  a])poHition  of  these  two 
nrfac-vs  that  extension  is  checked  at  the  occipito-atlantal  articulation. 

THE   SKULL   IN    SECTION. 

By  the  removal  of  tlie  skull-cap  the  interior  of  the  cranial  cavity  is  exi)oseil. 
Ibe  i'i^Y  surface  of  thi»  cranial  vault  is  grooved  mesially  for  the  superior  longitudinal 
nu.  on  fitlier  side  of  which  are  seen  numerous  depressions  for  tlie  lodgment  of 
Piix.hionian  Iwidies.  On  holding  the  bone  u])  to  tht^  light,  the  lloor  of  tliese  little 
hollows  is  4jftentimes  seen  to  be  very  thin.  A  short  distance  in  front  ol'  the 
kml-da,  and  on  either  side  of  tin*  siig^ital  suture,  are  the  internal  openings  of  the 
prietal  foramina.  The  inner  tables  of  tlu*  frontal  and  parietal  bones  are  grooved 
for  the  meningeal  arteries.  The  principal  branch  of  the  middle  meningeal  runs  more 
orlfiss  ^uirallel  to  and  at  a  variable  distance  behind  the  line  of  the  coronal  suture. 
Akn-i  tlie  Infttom  of  these  grooves  small  foramina  may  be  soon  for  the  passage  of 
nntrivui  arteries  to  the  bone,  and  the  floor  of  the  longitudinal  sinus  is  likewise 
jierjetl  by  small  ai)ertures  for  the  transmission  of  veins. 

The  Uppek  Surface  of  the  Base  of  the  Skull. 

Cranial  Fossae. — The  upi)er  surface  of  the  base  of  the  skull  is  divi<led  into 
ihpte  f«.»ssii:,  of  which  the  cerel>rum  occupies  the  anterior  and  middle,  whilst  in  the 
pK^rior  is  bxlged  the  cerebdlum. 

The  anterior  fossa  is  detinetl  ]:)osteriorly  by  the  shar]),  thin  vd^o  ol'  the  lesser 
vii^'-  Mf  the  sphenoid,  which  curve  outwards  and  slightly  upwards  as  well  as  back- 
»arils  to  reach  the  region  of  the  pterion  externally.  The  lloor  is  lornied  from  before 
hu'.'kwarils,  in  the  middle  line,  ]>y  the  upper  surlace  i)f  tlu^  ethmoid  and  the  i'ore- 
Uirt  of  the  l>ody  of  the  sphenoid;  laterally  it  is  constitute«l  l>y  the  orbital  \AvvV^^ 
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ihe  frontal  and  the  lesser  wings  of  the  si)henoid.  On  these  tlie  under  surface 
the  truutal  lobes  of  the  cerebrum  rests.  In  front  the  fossa  is  divided  mesially 
thi'  frontal  crest,  to  which  the  falx  cerebri  is  attached.  This  is  conlhient  below 
:h  the  fore  part  of  the  crista  galli,  from  which,  however,  it  is  separated  })y  the 
imen  csecom,  which  usually  transmits  a  small  vein  from  the  nose.  On  either 
e  of  the  crLsta  galli  there  are  grooves  which  vary  considerably  in  depth  and 
ilh :  therein  are  lodged  the  olfactory  lobes.  The  floor  and  sides  of  the  groove 
i  pierc^od  V»y  numerous  foramina;  of  these  the  largest  number  transmit  the 
attory  nerves  to  the  nasal  fossa*.  In  front  an  elongated  slit,  placed  on  either 
e  of  the  crista,  aifords  a  passage  to  the  nose  for  the  internal  nasal  nerve  and  a 
all  l.iranch  of  the  anterior  ethmoidal  artery  which  accompanies  it.  To  the  outer 
£  of  the  olfactory  groove  and  the  cribrifonn  plate,  the  anterior  fossae  communi- 
%  i>n  either  side  by  means  of  the  two  ethmoidal  foramina  with  the  cavities  of  the 
rits.  The  anterior  foramen  transmits  the  internal  nasal  nerve  and  the  anterior 
imoidal  artery ;  the  posterior  affords  ijassage  to  the  posterior  ethmoidal  artery 
d  the  small  spbeno-ethmoidal  nerve  of  Luschka.  External  to  the  olfactory 
onve,  the  floor  of  the  fossa,  which  hero  corresponds  to  the  roof  of  the  orbit,  is 
ry  thin,  as  may  be  seen  by  holding  the  skull  up  to  the  light ;  it  is  convex  from 
le  to  side,  and  bears  the  impress  of  the  convolutions  of  tlie  under  surface  of  the 
)ntal  lobes  of  the  cerebrum  which  rest  upon  it.  In  front  and  at  the  side  there 
e  a  number  of  vascular  grooves  for  the  branches  of  the  anterior  and  middle 
eningeal  arteries  respectively. 

The  middle  fossa,  which  in  form  may  l>e  conii)ared  to  the  wings  of  a  bird 

lited  by  the  body,  is  bounded  in  front  by  the  curved  thin  posterior  edge  of  tlie 

ner  wings  of  the  sphenoid ;  ]X)steriorly,  by  the  line  of  attachment  of  the  tentorium 

vebelli,  extending  from  the  posterior  clincid  process  along  the  superior  border  of 

IB  i*;trous  portion  of  the  temporal  bone.     The  median  part  of  the  fossa,  which  is 

■rrow,  Gorresijonds  to  the  sella  tiurcica  and  the  olivary  eminence  of  the  sphenoid. 

i  '}&  Umited  anteriorly  by  a  line  connecting  the  anterior  margins  of  the  two  optic 

■amina,  and  is  overhung  behind  by  the  dorsum  sella.     In  this  area  are  lodged 

he  .structures  which  lie  within  the  interpeduncular  space  on  the  base  of  the  brain. 

!be  floor  of  the  lateral  parts  of  the  fossa  on  each  side  is  formed  by  the  great  wing 

i  the  sphenoid  in  front,  the  squamous  part  of  the  temporal  bone  to  tlie  outer  side, 

Hid  tiie  ^?u^Je^ior  surface  of  the  i>etrou8  temporal  behind.     In  the  hollows  so  formed 

fae  t-iii{M-»nxl  lolx5S  of  the  cerebrum  are  lodged.     On  either  side  of  tlie  olivary 

■mneu're  are  seen  the  optic  foramina;  these  ])ass  into  the  orbital  cavities  and 

tanainit  the   optic  nerves  and  ophthalmic  arteries.     Inunediately  behind   these 

openings  the  anterior  and  middle  clinoid  processes  are  sometimes  united,  so  as  to 

ado?*?  a    ftjramen.     Through   this  the   internal   carotid  artery  passes   upwards. 

Lndiiig  V>ackwards  from  this,  along  the  side  of  the  body  of  the  si)henoid,  is  the 

CHOtid  groove,  which  turns  downwards  near  the  apex  of  the  petrous  temporal,  to 

Vcome  continuous  with  the  carotid  canal,  which  here  ojKins  on  the  posterior  wall 

if  tn  irre-^ular  ai>erture,  placed  l)etw(ien  the  side  of  the  body  of  the  sphenoid  and 

fte  suiiiniit  of  the  i)etrous  temporal,  called  the  foramen  lacerum  medium.     Tlirough 

-the  inner  angle  of  this  opming  the  carotid  artery  accompanied  by  its  ])lexus  of 

IBM  and  sympathetic  nerves  passes  upwards.     Kunning  through  the  fibrous  tissue, 

rtkh  in  life  blocks  up  this  o^xming,  the  large  super ticial  petro«il  nerve  coming 

fcnm  tht^  hiatus  Fallopii  i)asses  downwar<is  and   forwards  to  reach  the  ]M)Sterior 

crfr.'e^'f  the  Vidian  canal,  which  is  placed  on  the  anterior  and  inferior  Ijonler  of 

lh»^  IVirimen    lacerum   medium.     A   small    meningeal    branch   of    the   aseeiidiiig 

ph^nn'jtMl  artery  also  passes  upwards  through  this  forani(»n.     In  front  and  to  tht» 

(oiwi  Adr  of  thi'  foramen  lac»jrum,  and  separated  from  it  by  a  narrow  )»ar  of  bone, 

iHtlie  foramen  ovale;  through  this  piss  both  roots  of  the  inferior  maxillary  nerve, 

tlie  s*!ij.dl    nieninge^il   arteiy,   and    some   emissary   veins.     A  bttlt*  external   and 

f'OstH'^r  to  this   is    the   foramen   spinosum    for    the   transmission    of   tlie    middle 

ni»'Din:real  ve>«sels,  trjgether  with  a  recuirrent  branch   from  the  inferior  maxillary 

nervjf.     I>'adiiig  from  the  external  extremity  of  the  foramen  lacerum  there  is  a. 

irrf^.ve  whidi  pfus.ses  outwards,  backw^ards,  and  slightly  upwards  on   tin*  siq^eiior 

mrlnt-fj  of  the  i^etrous  temporal  to  end  in  the  hiatus  Fallopii  (a  cleft  o\^euiu^^  vwto 
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the  aqusBductns  Fallopii),  which  gives  passage  to  the  large  superficial  petrosal 
derived  from  the  geniculate  ganglion  on  the  seventh  nerve,  together  with  the 
petrosal  branch  of  the  middle  meningeal  artery.     Just  external  to  the  hiatus  ~" 
there   is   another   small   foramen   for   the   transmission   of  the   lesser   su^ 
petrosal  nerve.     Overhung  by  the  posterior  border  of  the  lesser  wing  of  the  spl 
is   the   sphenoidal   fissure,   the   cleft   which   separates   the   lesser   from   the 
sphenoidal  wings,  and  which  opens  anteriorly  into  the  hollow  of  the  orbit ; 
this  i)ass   the   third,  fourth,  ophthalmic   division   of  the  fifth,  and  sixth 
together  with  the  ophthalmic  veins  as  well  as  the  sympathetic  filament 
lenticular  ganglion.     Just  below  its  inner  extremity  is  the  foramen 
the  passage  of  the  superior  maxillary  nerve  to  the  spheno-maxillary  fossa. 
this,  and  between  it  and  the  foramen  ovale,  the  foramen  Vesalii  may  occasii 
be  seeu,  through  which  a  vein  passes  to  reach  the  pterygoid  plexus. 

The  lateral  parts  of  the  middle  fossa  are  moulded  in  conformity  with 
convolutions  of  the  temporal  lobes,  but  towards  their  inner  sides  the  spliti ' 
the  dura  mater  in  the  region  of  the  cavernous  sinus  serves  to  separate  the 
base  from  the  under  surface  of  the  cerebrum.     As  may  be  seen  by  transmitted 
the  floor  of  the  lateral  parts  of  the    fossa  is  thin  as  it  overlies    the 
zygomatic,  and  glenoid  foss».     The  grooves  for  the  lodgment  of  the  branches 
middle  meningeal  artery  leading  from  the  foramen  spiuosum  are  readily  seen 
coursing  backwards  a  little  below  the  line  of  the  squamoso-parietal  suti 
specially  well  marked.     Amongst  other  features  may  l>e  noticed  the  depi 
the  lodgment  of   the  (hu»erian   ganglion   overlying    the  summit  of    the 
temj)oral;  behind    and   to   the   outer  side    of  the   hiatus   Fallopii,    the 
eminence,  indicating  the  position  of  the  superior  semicircular  canal ;  and  imm( 
anterior  and  slightly  to  the  outer  side  of  this  the  tegmen  tsrmpani,  which 
the  cavity  of  the  tympanum,  the  thinness  of  which  can  readily  be  dem( 
if  light  be  allowed  to  fall  through  the  external  auditor}'  meatus. 

The  posterior  fossa  is  larger  and  deeper  than  the  others.  In  front  it  is 
by  a  line  on  either  side  leading  backwards  and  outwards  from  each  posterior 
process  along  the  .superior  border  of  the  petrous  part  of  the  temporal  bone, 
externally  and  jM)steriorly  it  becomes  confluent  with  the  superior  lip  < 
transverse  groove  for  the  lateral  sinus,  ending  posteriorly  in  the  middle  lins] 
the  internal  occipital  protuberance.  Along  the  line  thus  indicated  the  pi 
dura  mater  called  tlie  tentorium  cerebelH,  which  roofs  in  the  posterior 
attached.  The  floor  of  the  fossa,  in  which  the  cerebellar  lobes,  the  pon% 
medulla  are  lodged,  is  formed  by  the  petrous  and  mastoid  portions  of  the 
l)on(^  with  part  of  the  body  of  the  sphenoid  and  the  basilar  porticm  of  the 
bone  wedged  in  l>etween  them.  Above  the  mastoid  temporal  a  small  part 
posterior  inferior  angle  of  the  parietal  entei-s  into  the  constitution  of  the 
wall  of  the  fossa.  Beliiud  and  within  these  the  lateral  parts  and  lower 
the  S(|uamous  occipital  complete  the  floor.  In  the  middle  line  the  floor  of  the 
is  pierced  })y  the  foramen  magnum,  in  which  lies  the  lower  part  of  the 
together  with  its  membranes,  and  through  wliich  pass  upwards  the 
arteries  and  the  spinal  accessory  nerves.  On  either  side  of  the  foramen 
and  a  little  in  front  of  a  transverse  line  passing  through  its  centre,  is  the  o]^ 
of  the  anterior  condylic  foramen  for  the  passage  of  the  hypoglossal  nerve,  a 
meniui^'eal  branch  from  the  ascending  pharyngeal  artery  and  an  emissary 
Overhanging  the  opening  of  the  anterior  condylic  foramen  there  is  a  thi( 
rounded  bridge  of  bone,  to  the  outer  side  of  wliich  is  placed  the  irregular  open: 
the  jugular  foramen  (foramen  lacerum  posterius).  The  size  of  this  is  apt  to  vaiT-i 
the  two  sides,  and  the  lumen  is  frec^uently  su])divided  by  a  spicule  of  bone  whS 
runs  across  it ;  the  x>osterior  and  external  rounded  part  of  the  foramen  is  occupi 
by  the  lateral  sinus,  which  here  joins  the  internal  jugular  vein.  A  meninol 
branch  from  the  ascending  pharyngeal  or  o(?cipital  artery  also  enters  the  skf 
through  this  compartment.  The  fore  and  internal  part  of  the  foramen  is  conflM 
with  the  groove  for  the  inferior  petrosal  sinus,  which  turns  downwards  in  front 
the  spicule  above  referred  to.  The  interval  between  the  portions  of  the  fonuv 
occupied  by  the  two  veins  allows  the  transmiasion  of  the  glosso-pharyngeal,  vagi 
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IjBpinal  accessory  nerves  in  order  from  before  backwards.  About  a  quarter  of 
inch  above  and  to  the  outer  side  of  the  fore  part  of  the  foramen  jugularo  the 
or  surface  of  the  petrous  portion  of  the  temporal  bone  is  pierced  by  the 
auditory  meatus,  through  which  the  facial  and  auditory  nerves,  together 
I  the  pars  intermedia  of  Wrisberg,  and  the  auditory  branch  of  the  basilar  artery 
eihe  cranial  cavity.  Behind  the  jugular  foramen  and  close  to  the  margin  of 
foramt-n  magnum  the  opening  of  tlie  posterior  condylic  foramen,  when  pre- 
It,  uiiiy  be  seen.  This  gives  passage  to  a  vein  which  joins  tlie  vertt4)ral  vein 
erkirly.  The  internal  aperture  of  the  mastoid  foramen  is  noticed  opening  into 
gn  »ov  e  for  the  lateral  sinus,  a  little  below  the  level  of  the  superior  border  of  the 
roui  temp.iraL  Through  it  passes  an  emissary  vein  which  joins  the  occipital 
Dexremally ;  the  mastoid  branch  of  the  occipital  artery  also  enters  the  cranial 
Wrv  through  this  foramen. 

The  [posterior  fossa  is  divided  into  two  halves  posteriorly  by  the  internal  occipital 
It,  to  which  the  falx  cerebelli  is  attached,  the  floors  of  the  hollows  on  either  side 
rhich  unit  often  exceedingly  thin  and  are  for  the  lodgment  of  the  lateral  lobes  of 
oerel^ellum.  The  grooves  for  the  following  blood  sinuses  are  usually  distinct — 
tnperior  petrosal  running  along  the  superior  border  of  the  petrous  temporal, 
inferior  petrosal  lying  along  the  line  of  suture  between  the  petrous  temporal 
basiLir  process  of  the  occipital  bone ;  the  occipital  sinus  grooving  the  internal 
pital  crest ;  and  the  lateral  sinns  curving  forw^ards  and  outwards  from  tlie 
mal  occipital  protul^rance,  across  the  internal  surface  of  the  squamous 
pital,  to  reach  the  posterior  inferior  angle  of  the  parietal  bone,  in  front  of  which 
jms  downwards  and  inwards  to  reach  the  jugular  foramen,  describing  a  sigmoid 
re,  and  grooving  deeply  the  inner  surface  of  the  mastoid  and  posterior  aspt?ct  of 
petri»iL3  portions  of  the  temporal  bone.  Before  it  terminates  at  the  jugular 
jnen  it  again  reaches  the  occipital  bone  and  channels  the  upper  surface  of  the 
ular  process  of  that  bone.  Slight  grooves  for  meningeal  arteries  are  also  seen — 
le  pass  upwards,  whilst  otliers  turn  downwards  and  are  occujaed  by  branches 
in  the  posterior  offsets  of  the  middle  meningeal  arteries. 

Mesial  Sagittal  Section  of  the  Skull. 

Such  a  section  should  be  made  a  little  to  one  or  other  side  of  the  mesi;d  plane, 
as  to  ^»fi.**s  through  the  nasal  fossiv  lateral  to  the  septum ;  one-half  will  then 
iplay  the  nasal  septum  in  position,  whilst  in  the  other  the  outer  wall  of  the 
ittl  frjssa  of  that  side  will  Ijo  exposed. 

The  form  of  the  cranial  cavity  is,  of  course,  subject  to  many  variations  dependfmt 

a  individual  and  racial  peculiarities.     The  following  details  are,  however,  worthy 

ln<»ie.     The  hinder  border  of  the  foramen  magnum  (opisthion),  and  consequently 

he  ti'.H»r  of  the  posterior  cranial  fossa,  occupies  the  same  horizontal  plane  as  tlie 

brd  i«date.     The  anterior  border  of  the  forann^n  magnum  (basion)  lies  a  little 

l^htr,  so  that  the  plane  of  the  foramen  is,  in  the  higher  races  at  lease,  oblique,  and 

kdiivcied   d'>wu wards  and  slightly  forwards.      From  the  basion  a  line  passing 

^anU  and   forwards  to  reach  the  sutun^  between   the  sphenoid  and  ethmoid 

Jifts  through  the  basi-cranial  axis  formed  by  the  ])asi -occipital,  the  basi-sphenoid, 

•4  the  presphenoid.     The  basi-cranial  axis  is  wedge-sba]>e(l  on  section  posteriorly, 

rtikt  anteriorly  it  is  of  considerable  width,  and  has  within  it  the  large  sphenoidal 

»anu>«.      Its  upper  surface  leads  upwards  and  forwards  with  a  varying  degree  of 

rtli/juity  frc»m  the  basion  to  the  overhanging  edge  of  the  dorsum  selbe,  in  front  of 

•hich  The  pittdtary  fossa,  the  floor  of  which  is  quite   thin,  is  wtII  seen  in  the 

jtctioiL 

Fpjm  the  olivary  eminence  the  floor  of  the  anterior  fossa  follows  a  more  or  less 
koriftutal  direction,  corresponding  j>retty  closely  to  the  level  of  the  axis  of  the  orbital 
«r!tj.  The  roof  of  the  orhit  is  seen  to  bulge  upwartls  to  a  considerable  extent  into  the 
fcffof  the  anterior  fossa ;  whilst  the  floor  of  the  middle  fossa  sinks  to  a  level  corrosjumding 
toliat  nf  the  under  surface  of  the  basi-cranial  axis,  where  it  forms  the  roof  of  the  j)osterior 
*«*.  The  Diaxiniuin  length  of  the  .skull  is  measured,  from  the  glabella  (a  point  hetween 
^  sufierciliary   ridges)   to  the  occipital  point  |>o8teriorly.     It  is  noteworthy  that   U\e 
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rnaximuo]  occipital  poiat  t!ioe»  not  Becessarity  correspond  to  tbe  esrienial 
tulieraijce  ^inian).     The  greatest  rertical  height  u^suaJlj  corresponds  ta  thm  dif 
the  basion  to  the  bre^ina  (point  of  union  of  the  ^gittal  with  the  coronal  SQtu 
t/}  this  rule  there  ure  me^uy  exceptions.     On  looking  into  the  poMteriov  iosas^  tW  i 
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6. 
7. 

X. 

J*. 
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Fm.  123.— I^Nftfi  H^r£ct  oi'  L^nr  Hal?  or  Skull  b^otitallt  Divm^B. 


Siiiiin-  U'twr-m  pnriotal  and  tfinponil  bones. 

Ki-iiiiiiii>  of  the  ■>(u)»iin-uati'  fossa. 

(Ii'iMiM'H   l«ir  lirainhi-^   nf  tin-  iiiiddlf   iiii"iiiii^'i.-al 

arti-ry. 
DorMini  M'll.f. 
Pit  Hilary  fuvsii. 
Aiiti-rior  iliimiil  fii».si. 

it\i\U-  l(U;ilii»H. 

Spliiiiiiiiiai  .<.j]iiis. 

Na-'.al  '.iirfari'  jil' hU|HTinr  tuiliiriatc*!  Ikuh-. 

(Mliririiriii  jilati-  o|  i-tlimnid. 

Na-.al  •^urlaiM'  nl'  iniilillf  tiirliiiiatnl  Ijoik*. 

Fr(iiit:il  >iiius. 

Na.sal  f.iiiii»'  i»f  liDiital. 

Na-^al  I  mm-. 

Na-iil  pKntss  of  Kupfi-inr  maxilla. 

Midilli-  iiu-atiiN  of  iiosi*. 

I»iii'rti-il  towanU  o|M-iiin;.'  of  antnmi. 

Na-jil  siiiiai-f  of  iiifiTior  turliiri.-iti-tl  lion*-. 

hifiiior  im-atus  «tf  iiosr. 

Aiiti'iiiir  iia'«al  "•|»iiir. 

Auli-ri'M-  palaliin-  i-aiial. 

Palatal  pi -^-^  i-t  -.uiMiiiir  niaxilla. 

Palatal  proii-s>  of  palat«-  hoiii'. 


24. 
2f.. 
2t5. 
27. 

2«. 
20. 

80. 
31. 
32. 
33. 

34. 

3:>. 

3ri. 
37. 

3S. 
3'.». 
40. 

41. 
42. 


Posterior  nasal  spine. 

Haiiiular  ]»ro<-oss  of  intoninl  pier>-goid  {ilat 

Kxti-rnal  jilerygoid  plate. 

Sn peril ir  nieatus  of  nose. 

Splieno- jKilati 111'  forninen. 

PttTVp)  -  spinous     lij^nient     almost     com] 

OS**!!!*'*!  to  encliisi'  a  foranieii. 
Styloid  prr.Kfss  (»f  ti'inporal  bon«;. 
Alar  »))ini-  of  s])lu'n(»id. 
Mastoid  priK-Tss. 
liasioii  (iiiid-]>oint  t)f  anterior  bonier  of  f< 

iiia;;riuiii). 
Intfinal  auditorx  meatus. 
Anteri«)r  j-ondylii-  foramen. 
Lt'adin;:  into  ju>nilar  foramen. 
Opi>tlii«)ii    (nii«l-i)()int    of    ])08terior    bon 

ioraiiiiMi  niajiiium). 
<Jroi.ve  lor  «4ij>iuoi«l  sinus. 
np(iiiii<r  of  mastoid  foramen. 
For    lateral  siiiii>  and  attaolimeiit   of  t«;ii 

(■♦•nbelli. 
po.vsa  for  loilirnii'iit  of  eereWllar  liemisphei 
Iiiteiiial  iNiipital  protulieninee. 


L 


(joiulylic  and  jti;^ular  foramina  and  the  intiTnal  anditorv  meatus  arc  seen  in  line,  si 
from  hidow  ii])\vai'tls.  'Vhv  internal  auditory  meatus  li<.*s  in  a  vertical  plane,  p« 
through  thtf  liasion.  The  ;:n)nvos  for  iho  miihllo  inoninueal  artery  and  its  branchi 
verv  ohvious.  TUv  anterior  groove  rurves  forwards  and  otit  wards,  and  reaching  the 
8urfa<r  of  th(»  jit<'rif»n,  passes  to  ward  >*  the  vortex  at  a  variable  distance  behind  and 
or  less  parallul  to  the  coronal  suture.     Front  tliis  jrrooves  ]>ass  forwards  across  the  e 
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1  the  frontal  bone.  Another  groove  curves  upwards  and  backwaixls  a  little  below 
e  of  the  [)arieto-s(]uamo8al  suture.  From  this  an  upwardly-directed  branch 
s  on  the  inner  surface  of  the  parietal  bone,  in  the  region  of  the  parietal  eminence, 
a  lower  bninch  passes  backwards  some  little  distance  above  the  lambdoid  suture, 
res  offsets  which  curve  downwards  and  inwanis  over  the  inner  surface  of  the 
ii6  [>iDrtiou  of  the  occipital  bone. 

sal  Fossae. — In  the  section  through  the  nasal  fossa  the  structures  which  form 
T  'fall  can  now  be  studied.  These  are — the  nasal  bone ;  the  nasal  process  of 
^rior  maxilla  ;  the  lachrymal  bone ;  the  lateral  mass  of  the  ethmoid,  compris- 
?  sn]K.'rior  and  middle  turbinated  bones ;  the  vertical  plate  of  the  palate  bone  ; 
erior  turbinated  bone ;  and  the  mesial  surface  of  the  internal  pterygoid  plate. 
K'f  as  seen  in  the  section  is  formed  by  the  nasal  and  frontal  bones,  the  cribri- 
late  of  the  ethmoid,  the  body  of  the  sphenoid  and  the  sphenoidal  turbinals, 
lenoidal  process  of  the  palate  and  the  ala  of  the  vomer.  The  fioovy  which  is 
horizontal  from  liefore  backwards,  is  formed  ])y  the  palatal  processes  of  the 
r  maxilla  and  palate  bones.  On  sagittal  section  the  nasal  fossa  appears 
lat  triangular  in  shape  with  the  angles  cut  off;  the  base  corresponds  to  the 
the  anterior  ami  posterior  nares  to  the  truncated  anterior  and  posterior 
res«pectively  ;  the  superior  angle  is  cut  off  by  the  cribriform  plate ;  whilst  the 
orrespond  to  the  frontal  and  nasal  bones  anteriorly,  and  the  sphenoidal 
lis,  sphenoidal  process  of  the  palate,  and  the  ala  of  the  vomer  posteriorly. 
rity  is  therefore  deep  towards  its  middle,  but  gradually  becomes  shallower  in 
ind  behind  where  the  openings  of  the  nares  are  situated.  The  oi>ening  of 
mar  naris,  which  is  of  half-heart  shape,  is  larger  than  that  of  the  posterior 
ind  is  directed  forwards  and  downwards;  the  opening  of  the  posterior  is 
iboidal  form,  and  slopes  backward.^  and  downwards.  The  inferior  meatus  is 
mnel  which  is  overhung  by  the  inferior  turbinated  bone,  and  its  floor  is 
by  the  side-to-side  concavity  of  the  upper  surface  of  the  hard  palate, 
g  into  it  above,  under  cover  of  the  fore  part  of  the  inferior  turbinated  bone, 
inal  for  the  nasal  duct ;  whilst  its  floor  is  X)ierced  in  front  near  the  middle 
the  anterior  palatine  canal.  The  middle  meatus  is  the  hollow  between  the 
and  inferior  turbinated  bones;  it  slopes  from  above  downwards  and  back- 
and  is  overhung  by  the  free  curved  edge  of  the  middle  turbinal,  beneath 
:h»?re  is  a  passage  called  the  infundibulum,  leiidiug  upwards  and  forwards  to 
i].»eriorly  into  the  frontal  sinus,  as  well  as  into  some  of  the  anttTior  ethmoidal 
Under  cover  of  the  centre  of  the  middle  turbinated  bone  there  is  an  irregular 
1  leailing  into  the  maxillary  sinus  or  antrum  of  Highmore,  and  there 
if.i»»ntly  independent  openings  for  the  middle  and  some  of  the  anterior 
till  oelis.  The  superior  meatus,  al>out  half  the  length  of  the  middle  meatus, 
A  iKftween  the  superior  and  middle  turbinated  bones  in  the  back  and  upper 
i  X\vt  fossa ;  it  re<*.eives  the  oi)enings  of  the  posterior  ethmoidal  cells.  Near 
terior  extn»mity  the  spheno-palatine  foramen  pierces  its  outer  wall,  and  brings 
iluion  with  the  sj>lieno-maxillary  fossa.  The  sphenoidal  sinus  opens  on  the 
the  nose,  above  the  level  of  the  superior  turbinated  bone,  into  a  depression 
the  spheno-ethmoidal  recess. 

iSal  Septum. — If  the  ojiposite  half  of  the  st;ctiou  in  wliicli  the  osseous  nasal 
I  L-  retained  1x3  now  studied,  it  will  be  seen  to  be  formed  by  the  crests  of  the 
•r  maxillary  and  pahite  bones  below,  on  which  rests  the  vomer,  the  posterior 
of  which  ]»eiug  free,  forms  the  posterior  edge  of  the  uasiil  se]>tum,  which 
"Miipudy  upwards  and  backwards  towards  the  under  surface  of  the  body  of 
henoiil.  Here  the  vomer  articulates  with  the  rostrum  of  the  sphenoid.  In 
rf  this  the  vomer  articulates  with  tlu^  perpendicular  plate  of  the  ethmoid, 
■ri  which  antt^rinrly  there  is  an  angular  recess  into  which  the  cartilaginous 
1  tits.  .Sui)eriorly  and  anteriorly  the  osseous  se])tum  is  completed  by  the 
Ation  of  the  \>er|>endicular  plate  of  the  ethmoid  with  the  nasal  process  of 
•nlal,  fjgether  with  the  nasal  crest  formed  by  the  union  of  the  nasal  bones; 
pfisteriorly  and  suyieriorly  the  j)erpendicular  plate  of  the  ethmoid  articulates 
hf*  mesial  ethmoidal  crest  of  the  sphenoid.  In  most  instances  the  osseous 
\  is  not  j»erfectly  vertical,  but  is  detlect-ed  towards  one  or  (»th<u'  side. 
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Fig.   124.— Nasal  Sfptum  as  seen  from  the  Left  Side. 


Air-sinuses  in  connexion  with  the  Nasal  Fossa.— Connected  with  the  i 
fossffi  Jiro  a   number  of  air-sinuses.     These  are  found  within  the  Ixxiy  of 

sphenoid,  the  lateral 
the  ethmoid,  the  orbital  ] 
cess  of  the  palate  bone^    i  v 
body  of  tlie  superior  mai 
and  the  superciliary  ansi    1: 
the  frontal  bone. 

The  sphenoidal 
variable    size,  occupies 
interior  of  the  body  of 
sphenoid.     In  some 
extends  towards  the  roots 
the  pterygoid  procesaea 
front  it  is  formed  in  part 
the  absorption  of  the 
oidal   spongy  bones, 
divided  up  into  two  ca' 
by  a  sagittally-placed 
tion,  which,  however, 
quently  displaced  to  on 
other   side.     It    opens 
teriorly  into  the  roof  of 
nose  in   the  region  of 
spheno-ethmoidal  receasb 

The  ethmoidal 
placed  between   the 
aspects  of  the  upper 
the   nasal    fossae,   and 
cavities  of  the  orV)it,  from  whicli  they  are  separated  by  thin  and  papery 
These  air  simces  are  completed  by  the  articulation  of  the  ethmoid  with  the  su] 
maxilla,  lachrymal,  frontal  sphenoid,  and  palate  bones,  and  are  divided  into 
grou])s — an  anterior,  middle,  and  posterior.     The  latter  communicates  with 
suiHjrior  meatus ;  the  anterior  and  middle  open  either  independently  or  in 
tion  witli  the  infundibulum  into  the  middle  meatus. 

The  sinus  in  the  (»rbital  process  of  tlie  palate  bone  either  communicates 
the  sphenoidal  sinus,  or  else  assists  in  closing  in  some  of  the  posterior  eth: 
cells.     Us  comiiiuniciition  with  the  nasal  fossa  is  through  one  or  other  of 
spaces. 

The  maxillary  sinus  or  antrum  of  Highmore  lies  to  the  outer  side  of  the 
fossie,  occupying  the  body  of  the  superior  maxilla.     Its  walls,  which  are  relati^ 
tliin,  arc  directed  upwards  to  the  orbit,  forwards  to  the  face,  backwards  to 
zygomatic  and  spheno-maxillary  fossa,  and  inwards  to  the  nose.     In   the 
situation  tlie  vertical  plate  of  the  palate  bone,  the  uncinate  i)rocess  of  the  etl 
the  maxillary  prwtiss  t)f  th(^  inferior  turbinated  ]>one,  and  a  small  jiart  of  the 
rvinal  bone  assist  in  the  formation  of  the  thin  osseous  partition  which  sepai 
from  tlie  nasfil  fossii.     The  tloor  corresponds  to  the  alveolar  l>order  of  the  ja 
differs  from  the  other  walls  in  being  stout  and  thick ;  it  is,  however,  deeply 
inferiorly  by  the  alveoli  for  the  teetli.     The  antrum  opens  by  a  narrow  orifice 
the  middle  meatus. 

The  frontal  sinuses  lie,  (nie  on  either  side,  l>ctween  the  iimer  and  outer  tal 
the  frontal  l>oni^  over  the  root  of  the  nose,  and  extend  outwards  under  the  8i 
ciliary  arches.  The  partition  which  se]>iirates  them  is  usually  central,  thouj 
may  Ik?,  deflected  to  one  or  other  side.  They  communicate  with  the  nose  thu 
a  passage  called  the  infundibulum,  which  f>]>ens  inferiorly  into  the  fore-part  of 
middle  meatus. 

The  fact  should  not  be  overlooked  that  the  air  spaces  within  the  tempf 
bone,  viz.  the  tymiKinic  cavity  and  the  mastoid  air  cells,  are  brought  into  o 
munication  with  the  naso-pharynx  through  the  Eustachian  tubes.     For  fiiri 
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irding  the  air  Binuses  and  the  mode  of  their  growth,  consult  the  descrip- 
individual  bones. 

Coronal  Sections. 
tions  of  many  parts  of  the  cranium  arc  well  displayed  in  a  series  of  coronal 

fig   off  a   thin  slice  from  the  front  of  the  lower  part  of  the  frontal  bone 
carrying  the  section  downwards  through  the  inner  wall  of   the   orbit   and 


— Pakt  of  the  Frontal,  Nasal,  and  Superiou  Maxfllaky   Hones  rkmoved  in  ordkr  to 
Disrij^Y  the  Relation  ok  thk  various  Cayitiks  exposkd. 


•f  frontal  siniLs  detietted  towanls  the  right. 
qIuiii  lea^iing  from  sinus  to  middle  meatus. 
«;thirioi<IaI  air  sinuses. 
urbinateil  l>one. 
in  npfHir  part  of  osseous  canal  for  nasal 
laid  open  throughout  its  entire  leugtli  on 
gilt  sidf. 


7.  Cavity  of  antrum  hiid  open. 

8.  Middle  meatus  of  nose. 

9.  Inferior  meatus  of  nose. 

10.  Inferior  turbinated  l»one. 

11.  Nasal  septum. 

12.  Canal   for   nasal    duct    laid  open  throughout  its 

entire  length. 

13.  Anterior  nasal  spine. 


])roces8  of  the  superior  maxilla,  into  the  anterior  nares  below,  a  number  of  im- 
■elatious  are  revealed  (see  Fig.  125).  In  the  frontal  region  the  extent  and 
ent  of  the  frontal  sinuses  are  displayed.  The  partition  between  tlie  t^vo  sinuses, 
:ed,  is  usually  complete  and  central  in  position,  though  it  may  occasionally  be 
d  or  oblique.  The  sinuses  are  hardly  ever  symmetrical,  the  right  being 
he  .smaller  of  the  two.  (Logan  Turner,  EiNn,  MetL  Jour.  189S.) 
nfandibnlam  on  either  side,  leading  from  the  frontal  simis  above  to  the  middle 
>elow,  is  seen  with  the  middle  turbinated  bone  internal  to  it,  and  the  anterior 
il  cells  to  its  outer  side  above.  If  the  section  passes  through  the  canal  for  the 
let  the  continuity  of  that  channel  leading  from  the  orbit  above  to  the  inferior 
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meatus  of  the  nose  below  is  clearly  shown.  Its  inner  wall  above,  by  which  it 
from  the  cavity  of  the  nose,  is  fonned  by  the  thin  lachrymal  l)one ;  below,  it  ] 
cover  of  the  inferior  turbinated  l)one  to  open  into  the  fore  part  of  the  inferior 

is  separated  from 
externally  by  a  thi 
bone.  The  cavity  of 
is  seen  to  ext<jnd  u 
forwards  so  as  to  p 
outer  side  as  well  as 
front  of  the  canal  fi 
duct. 

The  lower  marj; 
middle  turbinated 
pretty  nearly  on  a 
the  most  dependent 
orbital  margins,  whil 
borders  of  the  inferi 
arc  placed  a  little 
lower  nmrgin  of  t 
nares  on  a  level  with 
point  of  the  mal 
suture. 

Such  a  section  wil 
deflection  of  the  in 
should  it  exist,  and  w 
that  but  a  narrow  cl< 
the  upper  part  of 
on  either  side,  frou 
surface  of  the  superii 

The  next  section 
passes  through  the 
the  temporal  fossa 
the  external  angula 
the  frontal  bone  al)ov 
it   passes   through    1 
process  of  the  iippei 
inter\'al   between  th 
second  molar  teeth, 
orbital,     nasal,    and 
cavities  are  all  expos 
with  the  roof  of  the  i 

The  anterior  ci 
is  deepest  in  its  centi 
floor  is  formed  by  th 
plate  of  the  ethmoid 
sponds  to  the  level  oi 
malar  suture  exter 
either  side  the  floor 
bulges  upwards,  ow 
arching  of  the  roof  c 
Of  the  orbital  walls, 
is  the  thickest  and  si 
su])crior,  internal,  c 
walls,  which  separat 
from  the  cranial 
ethmoidal  cells,  and 
respectively,  ai-e  all 
cavity  of   the  max! 


n  ¥1        20    IV 

Fig.  120. — Coronal  Section  passing  inkeuiorly  tiirouou 
Interval  between  First  and  Skcond  Moijir  Teeth. 
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nerve  and  vessels  exposed. 
Inferior  turbinated  bone. 
Inferior  meatus  of  nose. 
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nerve  and  vessels. 
Palatal    pro«!ess    of   su^HTior 

maxilla. 
Maxillary  <rest  forming  part 

of  nasal  se]>tuin. 
Vomer  forming  j)art  of  niisal 

sei»tuni. 


lying  to  the  outer  side 
fossie  is  well  seen.     Its  roof,  which  separates  it  from   the  orbital  cavity, 
traversed  by  the  infraorbital  canal.     Its  inner  wall,  with  which  the  infer 
articulates,  is  very  slender,  and  forms  the  outer  walls  of  both  the  middle  ; 
meatuses  of   the  nose.      Its  outer  wall    is  stouter  where   it  arches  up  to 
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c  or  malar  process.  Its  floor,  which  rests  upon  the  upper  surface  of  the 
lorder  of  the  upper  jaw,  sinks  below  the  level  of  the  hard  palate.     The  fangs  of 

sometimes  project  into  the  floor  of  the  cavity. 

land  fonm  are  narrow  above,  where  they  lie  between  the  orbital  cavities,  from 
ej  are  separated  by  the  cells  within  the  lateral  mass  of  the  ethmoid.  The  roof 
rresponds  to  the  cribriform  plate  is  narrow,  and  lies  between  the  septum  mesially 
lateral  masses  on  either  side. 

le  level  of  the  orbital  floor  the  nasal  fossee  expand  laterally,  the  middle  meatus 
longitudinally  in  the  angle  formed  by  the  lateral  mass  of  the  ethmoid  with  the 
the  superior  maxilla,  overhung  by  the  middle  turbinated  bone.  This  channel  is 
lave  the  ethmoidal  cells  superior  to  it,  the  orbital  cavity  above  and  to  the  outer 

antrum  externally,  whilst  its  floor  is  formed  by  the  upper  surface  of  the  inferior 
ed  bone. 

inferior  meatus,  much  more  roomy,  runs  along  under  cover  of  the  inferior 
ed  bone.  Externally  it  is  related  to  the  antrum,  whilst  its  floor  is  formed  by  the 
superior  surface  of  the  hard  palate. 

hard  i»late  is  arched  below,  whilst  its  superior  surface  is  concave  upwards  on 
de  of  the  median  crest  which  supports  the  nasal  septum.  The  sides  of  the  arch 
»rrespond  to  the  inner  surfaces  of  the  alveolar  processes  and  fall  in  line  with  the 
dls  of  the  nasal  fossae  superiorly.  The  summit  of  the  arch  lies  a  quarter  of  an  inch 
le  level  of  the  floor  of  the  antrum. 


SEXUAL  DIFFERENCES  IN  THE^SKULL. 

1st  it  is  a  matter  of  difliculty,  in  all  cases,  to  determine  with  certainty  the  sex  of 
the  following  points  of  difference  are  usually  fairly  characteristic.  The  female  skull 
rule,  smaller  than  the  male.  In  point  of  cranial  capacity  it  averages  about  a  tenth 
D  the  male'  of  corresponding  race.  It  is  lighter,  smoother  as  regards  the  develop- 
its  muscular  ridges,  and  possesses  less  prominent  mastoid  processes.  In  the  frontal 
the  guperciliary  ridges  are  less  prpoounced,  and  this  imparts  a  thinness  and  sharp- 
the  upper  orbital  margin,  which  is  fairly  characteristic,  and  can  best  be  appre- 
)y  running  the  finger  along  that  edge  of  bone.  For  the  same  reason,  the  forehead 
more  vertical  and  the  projections  of  the  frontal  eminences  more  outstanding,  though 
ted  that  the  frontal  and  occipital  regions  are  less  capacious  proportionately  than  in 
e.  The  vertex  in  the  female  is  said  to  be  more  flattened,  and  the  height  of  the  skull 
lently  somewhat  reduced.  In  man  the  edge  of  the  tympanic  plate  is  generally 
ukI  divides  to  form  the  sheath  of  the  styloid  process,  whilst  in  the  female  the 
Hiding  border  is  described  as  being  rounder  and  more  tubercular, 
ilst  it  is  true  that  no  one  of  these  differences  is  sufficiently  characteristic  to  enable 
xmounce  with  certainty  on  the  matter  of  sex,  it  is  the  case  that,  taken  together, 
iually  justify  us  in  arriving  at  a  conclusion  which,  as  a  rule,  may  be  regarded  as 
accurate.      In   some  instances,  however,   it  is  impossible  to  express  any  definite 


DIFFERENCES  DUE  TO  ACiE. 

birth  the  face  is  proportionately  small  as  compared  with  the  cranium,  constituting 
Due-eighth  of  the  bulk  of  the  latter.  In  the  adult  the  face  equals  at  least  half  the 
iL  About  the  age  of  puberty  the  development  and  expansion  of  some  of  the  air- 
i,  more  particularly  the  frontiil  sinus,  lead  to  chanicteristic  differences  in  head  and 
rm. 

e  eruption  of  the  teeth  in  early  life  and  adolescence  enables  us  to  determine  the 
ih  fair  accunicy.  After  the  c(mipleti(m  of  the  permanent  dentition,  the  wear  of  the 
nay  assist  us  in  hazarding  an  approximate  statement.  The  condition  of  the  sutures, 
ay  guide  us,  synostosis  of  the  coronal  and  sagittal  sutures  not  as  a  rule  taking  place 
e  in  life,  (.'omplete  obliteration  of  the  synchondrosis  between  the  occipital  bone 
Lihcnoid  may  be  regarded  as  an  indication  of  maturity.  In  old  age  the  skull 
r  liecomes  lighter  and  the  cranial  bones  thinner.  The  alveolar  borders  of  the 
ir  and  inferior  maxillae  become  absorbed  owing  to  the  loss  of  tlie  teeth.  This  gives 
a  flattening  of  the  vault  of  the  hard  palate  and  an  alteration  in  the  form  of  the 
jaw,  whereby  the  mandibular  angle  becomes  more  obtuse. 
13 
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CRANIOLOGY. 

The  various  groups  of  mankind  display  in  their  physical  attributes  certain  features 
more  or  less  characteristic  of  the  stock  to  which  they  belong.     Craniolqgy  deals  with 
differences  so  far  as  they  affect  the  skull.     The  method  whereby  these  dififerences  aie 
involves  the  accurate  measurement  of  the  skull  in  most  of  its  details.     Such  procedure  it 
under  the  term  craniometry.      Here  only  the  outlines  of  the  subject  are  briefly 
for  such  as  desire  fuller  information  on  the  subject,  the  works  of  Broca,  Topinaid, 
Turner  may  be  consulted. 

The  races  of  man  display  great  variations  in  rec^ard  to  the  size  of  the  skull.     Apart 
from  individual  differences  and  the  proportion  of  liead-size  to  body-height^  it  may  be  _ 
assumed  that  the  size  of  the  skull  m  tlie  more  highly  civilised  races  is  much  in  exoe» 
displayed  in  lower  types.     The  size  of  the  head  is  intimately  correlated  with  the  ^ 
ment  of  the  brain.     By  measuring  the  capacity  of  that  part  of  the  skull   occupied 
encephalon,  we  are  enabled  to  form  some  estimate  of  the  size  of  the  brain.     The  craidAl 
is  determined  by  filling  the  cranial  cavity  with  some  suitable  material  and  then  t " 
cubage  of  its  contents.     Various  methods  are  employed,  each  of  which' has  its  advantage, 
of  fluids,  which  of  course  would  be  the  most  accurate,  is  rendered  impracticable,  wiUumt 
precautions,  owing  to  the  fact  that  the  macerated  skull  is  pierced  by  so  many  foramiiUL 
matter  of  practice,  it  is  found  that  leaden  shot,  glass  beads,  or  seeds  of  various  sorts  are  " 
serviceable.    The  results  obtained  display  a  considerable  range  of  variation.     Fop 
classification  and  comparison,  skulls  are  grouped  acconling  to  their  cranial  ca] 
following  varieties : — 

Microcephalic ^kuUs  are  those  with  a  capacity  below  1350  cc.,  and  include  such  well-] 
races  as  Andamanese,  Veddahs,  Australians,  Bushmen,  Tasmanians,  etc 

Mesocephalic  skulls  range  from  1350  c.c  to  1450  cc.,  and  embrace  examples  of  the  follow 
varieties  :  American  Indians,  Chinese,  some  African  Negroes. 


Megacephalic  skulls  are  those  with  a  capacity  over  1450  cc.,  and  are  most  com: 


mciiRi 


with  in  the  more  highly  civilised  races :  Mixed  Europeans,  Japanese,  Kskimo^ 

Apart  from  its  size,  the  form  of  the  cranium  has  been  regarded  as  an  important  factor  h 
classification  of  skulls ;  though  whether  these  differences  in  shape  have  not  been  uiuln^ 
phasised  in  the  past  is  open  to  question. 

The  relation  of  the  breadth  to  the  length  of  the  skull  is  expressed  by  means  of  the  O^p 
index  which  records  the  proportion  of  the  maximum  breadth  to  the  niaximum  length  4 
skull,  assuming  the  latter  equal  100,  or — 

Max.  breadth  x  100     -,    ,    ,.    .    , 
'   Mai.-let.gth     =CeP»^««>=«l«- 

The  result*  are  classified  into  three  groups  : — 

1.  Dolichocephalic,  with  an  index  below  75  :  Australians,  Kaffirs,  Zulus,  Eskimo^  ] 

2.  Mesaticephalic,  ranging  from  75  to  80 :  Europeans  (mixed),  Chinese,  PolynesiBais(iL 

3.  Brachycephalic,  with  an  index  over  80 :  Malays,  Burmese,  American  Indians,  j 

manese. 

In  order  to  provide  for  uniformity  in  the  re.sult*  of  different  observers,  some  system  is  i 
sary  by  which  the  various  points  mmi  which  the  measurements  are  taken  must  corra. 
Whilst  there  is  much  difference  in  the  value  of  the  measurements  insisted  on  by  indiv 
anatomists,  all  a^e  in  endeavouring  to  select  such  pouits  on  the  skull  as  may  l>e  readily^ 
mined,  and  which  have  a  fairly  fixed  anatomical  position.  The  more  important  of  these  "I 
I)oints"  are  included  in  the  subjoined  table  : — 

Nasion.— The  mi(l<lle  of  the  naso-frontal  suture. 
Glabella. — A  jwint  midway  between  the  two  superciliary  ridges. 
Ophryon. — The  central  point  of  the  narrowest  transverse  diameter  of  the  forehead,  me 
fi*om  one  temporal  line  to  the  other. 
,   Inion. — The  ext^imal  occipital  protuberance.  ; 

Maximum  Occipital  Point. — The  point  on  the  occipital  s(|uama  in  the  sagittal  plane  ajj 
distant  from  the  glaU'Ua.  < 

Opisthion. — The  middle  of  the  posterior  margin  of  the  foramen  magniua. 
Basion. — The  middle  of  the  anterior  margin  of  the  foramen  magnum. 
.  Bregma. — The  point  of  junction  of  the  coronal  and  sagittal  sutures. 
.  Alveolar  Point. — The  centre  of  the  anterior  margin  of  the  upper  alveolar  margin. 
•  Subnasal  Point. — The  middle  of  the  inferior  border  of  the  anterior  nasal  aperture  at  IJ 

centre  of  the  nasal  spine. 
'  VerteJt. — The  summit  of^the  cranial  vault 
Obelion. — A  point  over  the  sagittal  suture,  on  a  line  with  the  parietal  foramina. 
Lambda. — The  meeting-])oint  of  the  sagittal  and  lambdoid  sutures. 
Pterion. — The  region  of  the  antero- lateral  fontanelle  where  the  angles  of  the  front 
parietal,  squamous  tem]K)ral,  and  alisphenoid  lie  in  relation  to  one  another.    Ai 
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rule,  the  sutures  are  arranged  like  the  Utter  H,  the  parietal  and  alispheuoid  sej)aratiiig 

the  frontal  from  the  squamous  temporal     In  other  cases  the  form  of  the  suture  is  like 

an  X  ;  "whilst  in  a  thud  variety  the  frontal  and  squamous  temi)oral  articulate  with 

each  other,  thus  separating  the  alisphenoid  from  the  parietal. 
Astarion  is  the  region  of  the  postero-lateral  fontauelle  where  the  lambdoid,  |)arieto- mastoid, 

and  occipito-mastoid  sutures  meet. 
Staphanion. — The  point  where  the  coronal  suture  crosses  the  temporal  crest. 
Hacrygn. — The  point  where  the  vertical  lachrymo-maxillary  suture  meets  the  fronto-nasal 

suture  at  the  inner  angle  of  the  orbit 
Jasal  Point. — Corresponds  to  the  angle  between  the  vertical  border  and  the  margin  of  the 

zygomatic  process  of  the  malar  bone. 
Qoniow — The  outer  side  of  the  angle  of  the  inferior  maxilla. 

le  measurements  of  the  length  of  the  skull  may  be  taken  between  a  varietv  of  points — the 
a,  glabella,  or  ophryon  in  front,  and  the  inion  or  maximum  occipital  jx)int  l>ehind.  Or  the 
mum  length  alune  may  be  taken  without  reference  to  any  fixed  ])oints.  In  all  cases  it  is 
r  to  state  precisely  where  the  measurement  is  taken.  The  maximum  breadth  of  the  head  is 
Tariable  as  regards  its  position ;  it  is  advisable  to  note  whether  it  occurs  a1)ove  or  below  the 
to-squamosal  suture.  The  inter-relation  of  these  measurements  as  exj)ressetl  by  the  cephalic 
L  has  Men  already  referred  ta  The  width  of  the  head  may  also  Ije  measured  from  one  asterion 
c  other,  biastezionic  width,  or  by  taking  the  bistephanic  diameter. 

lie  height  of  the  cranium  is  usually  ascertained  by  measuring  the  distance  from  the  basion 
le  liregma.  The  relation  of  the  height  to  the  length  may  be  expressed  by  the  height  or 
icml  index*  thus — 

H"ft^= vertical  index. 
Length 

Skulk  are  classified  in  accordance  with  the  relations  of  length  and  height  as  follows  : — 

Tipeinocephalic  index  below  72.  Chamsscephalic  index  up  to  70. 

Mstriocephalic  index  between  72  and  77.  Orthocephalic  index  from  70i  to  75. 

Akrocephalic  index  above  77  (Turner).  Hypsicephalic  index  75*1  and  upwards 


(Kollmann,  Ranke,  and  Virchow). 

The  hoxiiontal  circumference  of  the  cranium,  which  ranges  from  450  mm.  to  550  nniL,  is 
Hored  around  a  plane  cutting  the  glabella  or  ophryon  anteriorly,  and  the  maximum  occipital 
int  p»teri<»rlv.  The  longitudinal  arc  is  measured  from  the  nasion  in  front  to  the  opisthion 
kiwi ;  if  to  tbis  be  added  the  basi-nasiil  length  and  the  distance  between  the  basion  and  the 
nthion,  we  have  a  record  of  the  vertico-inesial  circumference  of  the  cranium.  Tliis  may  further 
t  divide<l  by  measuring  the  lengths  of  the  frontal,  parietal,  and  occipital  portions  of  the 
iperitfr   lon^tudinal  arc     In   this  way   the   relative    j)r()jM>rtiou8    of    these   l>one3    may   be 

The  measurements  of  the  skeleton  of  the  face  are  more  complex,  but,  on  the  wliule,  of  greater 
ihs  than  the  iiiuasurements  of  the  cranium.  It  is  in  the  face  that  the  cliaractt*risti(.!  features  of 
iRare  l»e#t  obsen'ed,  and  it  is  here  that  osseous  structure  most  accurat<;ly  rec^jnls  tin*  form  and 
Riportions  of  the  living. 

The  form  of  the  face  varies  like  that  of  the  cranium  in  the  relative  j)rop()rtions  of  its  length 
id  breadth.  Generally  speaking,  a  dolichocephalic  cranium  is  associated  with  a  hn\tf  face,  whilst 
ke  brachycephalic  tvi»e  ot  head  is  correlated  with  a  rouii<ler  and  shorter  face.  This  rule,  how- 
•w,  ii  not  universal,  and  there  are  many  excejitioiis  to  it. 

The  determination  of  the  facial  index  varies  acconling  to  whether  the  measuroinents  are  made 
rith  or  without  the  mandible  in  position.  In  the  former  ca.se  the  length  is  measured  from  the 
riujou  or  nasion  a)x)ve  to  the  mental  tubercle  beli^w,  and  compared  with  the  niaximuiii 
UTg^r.maiic  wi<lth.  This  is  referred  to  as  the  total  facial  index,  and  is  obtained  by  the 
firmuLi — 

Ophryo-mental  length  .  100^^^^  ^^.^j  ^^^^ 
Bizygomatic  width 

More  usually,  however,  owing  to  the  loss  of  the  lower  jaw,  the  proportions  of  the  face  are 
ipresBtrd  by  the  superior  facial  index.  This  is  determined  by  coinivaring  the  opiiryo-alveolar  or 
i»>alve<>lar  length  ^ith  the  bizygomatic  H-idth,  thus — 

Ophryo-alveolar  length  x  100    -,  *    •  i  •  j 

-*-  -;j. X--  •  i;u =  Supenor  facial  index. 

Bizygomatic  width 

The  terms  dolichofacial  or  leptoprosope  and  brachyfacial  or  chamoeprosope  have  been 
niploye«i  to  express  the  differences  thus  recorded. 

Uniformity  in  these  measurements,  however,  is  far  from  complete  since  many  anthropologists 
rimr^arv  the  width  with  the  length  =  100. 

The  proportion  of  the  face- width  to  the  width  of  the  calvaria  is  rouglily  expressed  by  the  use  of 
be  terms  cryptoxygons  and  phanozygons  as  applied  to  the  skull.  In  the  former  case  the 
rgomatic  arches  are  concealed,  when  the  skull  is  viewed  from  alK)ve,  bv  the  overhan^^m^  vuvi 
13a 
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projection  of  the  sides  of  the  cranial  box  ;  in  the  latter  instance,  owing  to  the  narrownc 

calvaria,  the  zygomatic  arches  are  clearly  visible. 

The  projection  of  the  face,  so  characteristic  of  certain  races  (Neffroea  for  example] 

estimatea  on  the  living  by  measuring  the  angle  formed  by  two  straight  lines,  the  one  T>a« 

the  middle  of  the  external  auditory  meatus  to  the  lower  margin  of  the  septum  of  the  n 

other  drawn  from  the  most  prominent  part  of  the  forehead  above  to  touch  the  inci 

below.     The  angle  formed  by  the  intersection  of  these  two  lines  is  called  the  fiid 

(Camper),  and  ranges  from  62''  to  86".     The  smaller  angle  is  characteristic  of  a  mu 

projection  of  the  lower  part  of  the  fijce.     The  larger  angle  is  the  concomitant  of  a  more 

profile.     The  degree  of  projection  of  the  upper  jaw  in  the  macerated  cranium  is  meet  a 

expressed  by  emT)loying  the  gnathic  or  alveolar  index  of  Flower.    This  records  the 

proportions  of  tne   l)aHi -alveolar  and    Imsi -nasal  lengths,  the  latter  being  regarded 

thus — 

Baei -alveolar  length  X  100     «     ^i.-    •   j 

. —       J> =  Gnathic  index. 

Basi -nasal  length 

The  results  are  conveniently  grouped  into  three  classes : — 

Orthognathons,  index  below  98  :  including  mixed  Europeans,  ancient  Egyptians, 
Mesognathons,  index  from  98  to  103 :  Chinese,  Japanese,  Eskimo,  Polynesians  (m 
Prognathous,  index  above  103:  Tasmanians,  Australians,  Melanesians,  various 
Negroes. 

Unfortunately,  however,  little  reliance  can  be  placed  on  the  result*  obtained  by  this 
since  it  takes  no  account  of  the  proportion  of  the  third  or  facial  side  of  the  gnathic 
For  a  further  discussion  of  this  matter  see  Thomson  and  Maclver,  Races  of  the  Thebaid 
Clarendon  Press,  1906). 

The  form  of  the  nasal  aperture  in  tlie  macerated  skull  is  of  much  value  from  a 
standpoint,  as  it  is  so  intimately  associated  with  the  shape  of  the  nose  in  the  livii 
greatest  width  of  the  nasal  aj>erture  is  compared  with  the  nasal  height  (measured  from  tl 
to  the  lower  border  of  the  nasal  aperture)  and  the  nasal  index  is  thus  determined  : — 

Nasal  width  x  1^_  jtoooI  •  de 
Nasal  height     ~ 
Skulls  are — 

Leptorhine,  with  a  nasal  index  below  48 :  as  in  mixed  Europeans,  ancient  Ej 

American  Indians,  etc. 
Mesorhine,  with  an  index  ranging  from  48  to  63 :  as  in  Chinese,  Japanese,  Malay 
%         Platyrhine,  with  an  index  above  53 :  as  in  Australians,  Negroes,  Kaffirs,  Zulus,  e 

The  form  of  the  orbit  varies  considerably  in  different  races,  but  is  of  much  less  value 
standpoint  of  classification.  The  orbital  index  expresses  the  proportion  of  the  orbital  ] 
the  orbitiil  width,  and  is  obtained  by  the  following  formula  : — 

0£!;i«±l  h^htiiOO^O^yt^  index. 
Orbital  width 

The  orbital  height  is  the  distance  between  the  upper  and  lower  margins  of  the  orbi 
middle ;  whilst  the  orbital  M-idth  is  measured  from  a  jioint  where  the  ridge  which  f 
posterior  lK)undary  of  the  lachrymal  groove  meets  the  fronto  -  lachrymal  suture  (Flc 
from  the  dacryon  (Broca)  to  the  most  distant  point  from  these  on  the  anterior  edge  of  t 
border  of  the  orbit. 

The  form  of  the  orbital  aperture  is  referred  to  as — 

Megaseme,  if  the  index  be  over  89  ; 
Mesoseme,  if  the  index  be  l)etween  89  and  84 ; 
Microseme,  if  the  index  be  l>elow  84. 

The  variations  met  with  in  the  form  of  the  palate  and  dentan'  arcade  may  be  expp 
the  palato-maxillary  index  of  Flower.  The  length  is  measured  from  the  alveolar  pc 
line  dra^Ti  across  the  hinder  borders  of  the  sui)erior  maxillary  lx)nes,  whilst  the  widtn 
between  the  outer  bonlers  of  the  alveolar  ai*ch  immwliately  al)ove  the  middle  of  th 
molar  tooth.     To  obtain  the  index,  the  following  formula  is  employed  : — 

Palato-maxillarv  width  x  100    „  ,  .  .„        .    , 

^,,  .,:       ,     _,      ^Palato-maxillary  index. 

Palato-maxillar}'  length 

For  purjKjses  of  classification  Turner  has  introduced  the  following  terms : — 

Bolichuranic,  index  l)elow  110. 
Mesuranic,  index  l>etween  110  and  115. 
Brachynranic,  index  alx>ve  115. 

As  is  elsewhere  stated  (p.  183),  the  size  of  the  teeth  has  an  important  influeno 
architecture  of  the  skulL    Considered  from  a  racial  standpoint,  the  relative  size  of  the 
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Bgth  of  the  cranio- facial  axis  has  been  found  by  Flower  to  be  a  character  of  much  vahio. 
kmtal  length  is  taken  by  measuring  the  distance  between  the  anterior  surface  of  the  first  pre- 
r  and  the  posterior  surface  of  tlie  third  molar  of  the  upper  jaw. 

0  obtain  tne  doital  index  the  following  formula  is  used: — 

?^^B^^Li^fci^=D.ntal  index. 
Basi-nasal  length 

'oUovin^  the  oonvenient  method  of  division  adopted  with  other  indices,  the  dental  indices 
he  diviaed  into  three  series,  called  respectively — 

Hierodont,  index  below  42  :  including  the  so-caUed  Caucasian  or  white  races. 
MModont,  index  between  42  and  44 :  including  the  Mon^oliau  or  yellow  races. 
Megadont,  index  above  44  :  comprising  the  black  races,  including  the  Australians. 

lany  complicated  instruments  have  been  devised  to  take  the  various  measurements  required, 

for  all  practical  purposes  the  calipers  designed  by  Flower  or  the  cfynqnoi  (jlimlre  of  Broca  ai-e 

tient. 

U  an  aid  to  calculating  the  indices,  the  tables  publishini  in  the  Oaieohijical  Gataloyac  of  the 

i4  College  of  SnrgeonB  of  England^  Part  I.,  Man.;   Indtrx-Tabellrti  zum.  Anthnypmne.frischen 

w^ke^  0.  >L  Furst,  Jena,  1902 ;  or  the  index  calculator  invented  by  Dr.  Waterston  will  l>e 

d  of  much  trer%'i(.*e  in  saving  time. 

DEVELOPMENT  OF  THE  CHONDRO-CRANIUM  AND  MORPHOLOGY 

OF  THE  SKULL. 

As  has  been  already  stated  (p.  24),  the  chorda  dorsalis  extends  forwards  to  a  point 
wdiatt'lj  beneath  the  anterior  end  of  tlie  mid-brain.  In  front  of  this  the  head  takes 
end  iso  that  the  large  fore- brain  overlaps  the  anterior  extremity  of  the  notochord.  At 
\  stage  of  development  the  cerebral  vesicles  are  enclosed  in  a  membranous  covering 
ived  fn.>m  the  mesenchyme  surrounding  the  notochord  ;  this  differentiated  mesodermal 
Bfis  called  the  primordial  membranous  cranium.  From  it  the  meninges  which  invest 
brain  are  derived.     In  lower  vertebrates  this  membranous  capsule  becomes  converted 

1  a  thick -walled  cartilaginous  envelope,  the  primordial  cartilaginous  cniiiium.  In 
mmals,  however,  only  the  basal  part  of  this  capsule  becomes  chondrified,  the  roof  and 
t  of  the  sides  remaining  membranous.  In  considering  the  chondrificiition  of  the  skull 
nammals,  it  must  be  noted  that  part  only  of  the  base  is  traversed  by  the  notochonl, 
.  that  portion  which  extends  from  the  foramen  magnum  to  the  dorsum  selhe  of  the 
ieiy>id-  It  is,  therefore,  conveniently  divided  into  two  parts — one  posterior,  surrounding 
\  notoi^hfinl,  and  hence  called  chordal,  and  one  in  front,  into  whicli  the  notochord  does 
I  extend,  and  hence  t<jrmed  prechordaL  These  correspond  respectively  to  the  vertebral 
ieTertcbral  regions  of  Gegenbauer.  In  the  choitlal  region  a  pair  of  elongated  cartilages, 
Bed  the  parachordal  cartilages,  appear  one  on  either  side  of  the  notochord  ;  these  soon 

bat  completely  envelop  the  chorda,  and  expand  so  as  to  form  the  basilar  or  occipital 
ue,  which  ossifies  later  to  form  the  Imsilar  process  of  the  occipittd  bone,  and  the  dorsum 
Haeof  the  sphenoid.  By  backward  extension  from  the  occipital  plate  (m  either  side  and 
ouuii  the  foramen  magnum  the  cartilaginous  cx-occipitals  and  supra-occipital s  are  also 
nnfiil.  In  the  prechordal  region  two  curved  strips  of  cartilage,  the  trabeculse  cranii  of 
ilhke,  arise  and  pass  forwards  from  the  anterior  extremity  of  the  notochoitl,  one  on 
ther  side  of  the  cranio- pharyngeal  canal.  In  front  these  trabecula;  spread  out  and 
Idmately  fuse  to  form  the  ethmoidal  plate,  which  constitutes  the  fore  part  of  the 
Mndro-cranitim.  Posteriorly  the  trabecuhc  unite  with  the  basilar  plate  and  thus  surround 
letrauio-pharyngeal  canal,  the  lumen  of  which  is  subsequently  closed  to  form  the  floor 
f  tike  pituitiiry  fossa,  in  which  rests  the  hyj:)ophy8is  cerebri.  Owing  to  the  presence  of 
M  nacoil  capsules,  the  fore-part  of  the  ethmoidal  plate  becomes  diflerentiated  into  an 
feao-Yomerine  region,  from  which  the  nasal  septum  and  its  associated  cartilages  are 
Brhred,  whilst  the  remainder  of  the  ethmoidal  plate  by  expansion  and  subsequent  ossifica- 
OQ  develo[js  to  form  the  pre-sphenoid,  the  orbito-sphenoids,  and  the  ali-spheuoids,  which 
liter  assist  in  completing  the  orbital  cavity  for  the  lodgment  of  the  eyeball.  The 
Mmbrinuus  car  capsules  wliich  lie  lateral  to  the  parachordal  cartilages  become  chondrified 
Dd  form  the  cartilaginons  ear  capsules.  These  soon  unite  with  the  lateral  aspects  of 
ik-  basilar  plate,  but  are  separated  in  front  from  the  cartilaginous  alispheuoid  of  the 
iTiiDoidal  plate  by  a  membranous  interval,  which  is  subsequently  occui)ied  by  the 
)iiaiiK«a1,  a  bone  of  dermic  origin.  This  disappearance  of  the  cartilage  under  the  squa- 
wsal  was  regarded  by  Parker  as  the  diagnostic  mark  of  the  mammalian  chondro-cranium. 
Fn>m  the  ventral  surface  of  this  cartilaginous  platform — formed,  as  described,  by  t\\e 
13  i 
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imion  of  the  trabccula),  parachordal  cartilages,  and  cartilaginous  ear  capsules — is  so 
the  cartilaginous  framework  of  the  visceral  arches,  which  play  so  important  a  pai 
development  of  the  face,  an  account  of  which  is  elsewhere  given  (p.  36). 

A  consideration  of  the  facts  of  comparative  anatomy  and  embryology  appears  to 
the  assumption  that  the  mammalian  skull  is  of  two -fold  origin — that,  in  fa 
composed  of  two  envelopes,  an  outer  and  an  inner,  primarily  distinct,  but  whid 
process  of  evolution  have  become  intimately  fused  together.  The  inner,  cal 
primordial  skull,  is  that  which  has  just  been  described,  and  consists  of  the  ( 
cranium  and  the  branchial  skeleton.  The  outer,  which  is  of  dermic  origin,  inch 
bones  of  the  cranial  vault  and  face  which  are  developed  in  membrane.  This  se 
skull,  which  first  appears  in  higher  fishes  as  ossified  dermal  plates  overlying  the 
skull,  acquires  a  great  importance  in  the  mammalia,  as  owing  to  the  expansior 
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Fio.  127.  — View  of  the  Chondro-Craniuji  of  a  Human  ¥(etvs  5  cm.  in  length  fbom  V; 
Coccyx  (about  the  middle  of  the  third  month) ;  the  cartilage  is  coloured  blue.  The  line  to 
of  the  drawing  shows  the  actual  size. 

brain  and  the  progressive  reduction  of  the  chondro-cranium,  these  dermal  bones 
engrafted  on  and  incorporated  with  the  primordial  skull,  and  act  as  covering  bone 
cavities  of  the  cranium  and  face ;  for  it  may  be  well  to  point  out  that  these  de 
membrane  bones  are  not  necessarily  external  in  position,  as  over  the  cranial  yai 
also  develop  in  the  tissues  underlying  the  mucous  membrane  of  the  cavities  of  the 

Advantage  is  taken  of  this  difference  in  the  mode  of  development  of  the  bonei 
skull  to  classify  them  according  to  their  origin  into  cartilage  or  primordial  boi 
membrane  or  secondary  bones.  These  differences  in  the  growth  of  the  bone  musi 
too  much  insisted  on  in  determining  the  homologies  of  the  bones  of  the  skull,  as  it 
generally  recognised  that  all  bone  is  of  membranous  origin,  and  that  whUst  i 
cases  cartilage  may  become  calcified,  it  never  imdergoes  conversion  into  true  bone 
replaced  by  ossific  deixwit  derived  from  a  membranous  source.  In  the  subsequent 
of  the  skull  parts  of  the  cartilaginous  cranium  persist  as  the  septal  and  alar  carti 
the  nose,  whilst  for  a  considerable  period  the  basi-sphenoid  and  basi-oedpital  f 
united  by  cartilage.  The  cartilage  also  which  blocks  the  foramen  lacemm  medii 
be  regarded  as  a  remnant  of  the  chondro-cranium. 

Till  two  years  after  birth  there  are  membranous  intervals  between  the  ed( 
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fm  of  the  bones  of  the  cranial  vault.  These  are  termed  the  fontanelles.  Nonnally 
f  are  six  in  number,  and  oorrespond  in  the  adult  to  the  position  of  the  bregma  and 
ibda  in  the  middle  line  and  the  pterion  and  asterion  on  either  side.  The  anterior  or 
IBM  tic  fontanelle  is  diamond-shaped,  and  corresponds  to  the  converging  angles  of  the 
wtals  and  two  halves  of  the  frontal  bone.  The  posterior  fontaneUe  is  triangular  in 
By  and  lies  between  the  two  parietals  and  the  summit  of  the  occipital  squama.  The 
■VO-lateral  fontanelle  lies  between  the  contiguous  margins  of  the  frontal,  parietal, 
amous  temporal,  and  great  wing  of  the  sphenoid,  whilst  the  postero-lateral  fontanelle 
ituated  between  the  adjacent  borders  of  the  parietal,  occipital,  and  mastoid  portion  of 

temporal.  The  term  occipital  fontanelle  is  applied  to  a  membranous  interval  which 
an  in  the  foetal  condition  posterior  to  the  foramen  magnum,  and  between  the  lateral 
rea  of  the  cartilaginous  supra -occipitaL  Its  persistence  accounts  for  the  occasional 
nrrence  of  a  cerebral  meningocele.^ 

Whilst  in  many  instances  the  primordial  and  secondary  bones  remain  distinct  in  the 
ly-developed  condition,  they  sometimes  fuse  to  form  complex  bones,  such  as  the  temporal 
1  sphenoid  (see  pp.  120  and  127). 

Various  theories  have  been  advanced  to  account  for  the  mode  of  fonuation  of  the 
ilL  The  earliest  of  these  was  called  the  vertebrate  theory,  which  assumed  that  the 
nium  was  built  up  of  a  series  of  modified  vertebrae,  the  centra  of  which  corresponded  to 
I  hasi -cranial  axis,  whilst  the  neural  arches  were  represented  by  the  covering  bones  of 
i  cranium.  In  view  of  the  more  recent  researches  regarding  the  composite  origin  of  the 
nil  above  referred  to,  this  theory  was  necessarily  abandoned.  It  gave  way  to  the 
gge^ion  of  Gegenbauer  that  the  primordial  cranium  has  arisen  by  the  fusion  of  several 
{mentd  equivalent  to  vertebne,  the  number  of  which  he  determined  by  noting  the 
■tameric  arrangement  of  the  cranial  nerves,  of  which  he  concluded  there  were  nine  pairs, 
ranged  much  like  spinal  nerves,  both  as  to  their  origin  and  distribution.  The  olfactory 
d  optic  nerves,  though  frequently  referred  to  as  cranial  nerves,  are  excluded,  since  from 
a  nature  of  their  development  they  are  to  be  regarded  as  meUimorphosed  parts  of  the 
ain  itself.  Gegenbauer  therefore  assumed  that  that  portion  of  the  cranial  base  which  is 
aversed  by  the  nine  pairs  of  segmentally  arranged  cranial  nerves  must  be  formed  by  the 
BOD  of  nine  vertebral  segments ;  and  as  the  region  where  the  nerves  escape  corresponds 
» the  part  of  the  chondro-cranium  traversed  by  the  notochord,  he  calls  it  the  vertebral 
Ktion  of  the  cranial  base,  in  contradistinction  to  the  trabecular  or  non-vertebral  i)art 
bieh  lies  in  front.  This  latter  he  regards  as  a  new  formation  adapted  to  receive  the 
natly -developed  brain  and  afford  protection  to  the  organs  of  sight  and  smell. 

As  has  been  pointed  out  by  Hertwig,  there  is  an  essential  difference  between  the 
cvelopment  of  the  axial  cartilaginous  skeleton  of  the  trunk  and  head.  The  former  becomes 
Bgmented  into  di.stinct  vertebne  alternating  with  intervertebral  ligaments  ;  whilst  the 
ttter,  in  order  to  attain  the  rigidity  necessary  in  this  part  of  the  skeleton,  is  never  so 
Bvided.  It  follows  from  this  that  the  original  segmentation  of  the  head  is  only  expressed 
B  three  ways,  viz.  in  the  appearance  of  several  primitive  segments  (myotomes),  in  the 
mogement  of  the  cranial  nerves,  and  in  the  fundament  of  the  viscenil  skeleton  (visceral 
acbe^).  According  to  Froriep  the  mammalian  occipital  corresponds  to  the  fusion  of  four 
Mftebne,  and  there  is  some  reason  for  supposing  that  in  some  classes  of  vertebrates  the 
ncipital  region  of  the  primordial  cranium  is  increased  by  fusion  with  the  higlier  cervical 
Kpnents. 

The  form  of  skull  characteristic  of  man  is  dependent  on  the  large  proportioniite 
iefelopment  of  the  cranial  part,  which  contains  the  brain,  and  the  reduction  in  size  of  the 
iwend  part  (face),  which  protects  the  organs  of  special  sense.  This  leads  to  a  decrease 
hthema-ssand  projection  of  the  jaws,  as  well  as  a  reduction  in  the  size  of  the  teeth. 
iaociated  with  the  smaller  mandible  there  is  a  feebler  musculature,  with  a  reduced  area 
rf  atuchnient  to  the  sides  of  the  skull.  In  this  way  the  disappearance  of  the  muscular 
ante  and  fossie,  so  characteristic  of  lower  forms,  is  accounted  for.  At  the  siiuic  time  the 
bet  that  the  skull  is  poised  on  the  summit  of  a  vertical  column,  leads  to  important 
■odifications  in  its  structure.  The  disposition  of  parts  is  such  that  th(?  occipito-vertcbral 
articulation  is  so  placed  that  the  fore  and  hind  parts  of  the  head  nearly  balance  eacli  other, 
tbia  obviating  the  necessity  for  a  powerful  muscular  and  ligamentous  mechanism  to  hold 
tbe  bead  erect. 

.\nother  noticeable  feature  in  connexion  with  man's  skeleton  is  the  prolontred  peri(xl 
daring  which  growth  may  occur  before  maturity  is  reached  ;  this  is  associated  with  a  more 
somplete  consolidation  of  the  skull,  since  bones,  which  in  lower  forms  remain  throughout 

*  For  further  information  r^farding  anomalous  conditions  of  the  fontanelles  and  the  occurrence  of  Wormian 
r  futural  ovicles,  sec  F.  FrasHetto,  Ann,  det  Set.  Nat.  ZrW.  8^  ser.  xviii.  1903. 
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life  distinct,  are  in  man  fused  with  each  other,  as  exemplified  in  the  case  of  the  prespk 
and  ix)stsphenoid,  the  occipital  and  the  interparietal,  to  mention  one  or  two  inst 
among  many.  It  is  noteworthy,  however,  that  during  ontogeny  the  morphological  i 
cancc  of  these  bones  is  clearly  demonstrated  by  their  independent  ossificatioD. 

The  points  of  exit  of  the  various  cranial  nerves  remain  remarkably  constanti  a 
their  primitive  condition  serve  to  suggest  the  segmental  arrangement  of  the  cartilag 
chondro-cranium  already  referred  to.  Owing  to  the  very  great  modifications  whic 
mammalian  skull  has  undergone  in  the  process  of  its  evolution,  it  may  be  pointed  oul 
the  passage  of  the  nerves  through  the  dura  mater — a  derivative,  the  readers  m 
reminded,  of  the  primordial  membranous  cranium  (see  ante) — alone  represents  the  prii 
disposition  of  the  nerves.  Their  subsequent  escape  through  the  bony  base  is  a  Utc 
secondary  development.  In  some  cases  the  two,  membranous  or  primary  and  the  a 
or  secondary  foramina,  correspond.  In  other  instances  the  exit  of  the  nerves  throng 
dura  mater  does  not  coincide  with  the  passage  through  the  l)one. 

Of  interest  in  this  c(mnexiou  it  may  be  ])ointed  out  that  the  foramina  and  < 
which  traverse  the  skull  are  either  situated  in  the  line  of  suture  between  adjacent 
or  in  the  line  of  fusion  of  the  constituent  parts  of  which  the  bone  pierced  is  mac 
For  example,  the  sphenoidal  fissure  is  situated  between  the  orbito  and  alisphenoida 
anterior  condylic  between  the  basi  and  exoccipitjils ;  the  jugular  between  the  pe 
basi,  and  exoccipital ;  the  optic  between  the  orbito-8j)henoid  and  the  prespbcnoid 
Vidian  between  the  alisphonoid,  internal  pterygoid  plate,  and  the  lingula. 

THE  BONES  OF  THE  UPPEE  EXTEEMITY. 
The  Clavicle. 

The  clavicle  (clavicTila),  or  collar  bone,  one  of  the  elements  in  the  form 
of  the  shoulder  girdle,  consists  of  a  curved  shaft,  the  extremities  of  whicl 
enlarged.  The  inner  end,  since  it  articulates  with  the  sternum,  is  calle 
sternal  end :  the  outer  extremity,  from  its  union  with  the  acromion  process  o 
scapula,  is  known  as  the  acromial  end. 

The  sternal  end  (extremitas  sternalis)  is  enlarged,  and  rests  upon  the  mei 
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Fi(i.  128.— KioHT  Clavicle  as  seen  from  Above. 

of  iibro-c^irtilrtge  which  is  interposed  between  it  and  the  clavicular  facet  oi 
upper  and  external  angle  of  the  manubrium  sterni.  It  is  also  supported  by  a 
part  of  the  inner  end  of  the  ctirtilage  of  the  first  rib.  Its  articular  surface^  ui 
broader  from  above  downwards  than  from  side  to  side,  displays  an  antero-po9 
convexity,  whilst  tending  to  be  .slightly  concave  in  a  vertical  direction.  The 
around  the  articular  arcii  which  serves  for  the  att^achment  of  the  capsule  o 
sterno-clavicuUir  articulation  i.s  sharp  and  well  defined,  except  below  where 
rounded. 

The  shaft  is  so  curved  that  its  anterior  outline  is  convex  in  its  inner  two-t! 
whilst  concave  in  the  outer  third  of  its  length.  Pounded  or  prismatic  in 
towards  its  sternal  extremity,  the  shaft  becomes  compressed  and  flattened  toi 
its  outer  end.  Its  superior  surface,  which  is  smooth  and  subcutaneous  throuj 
its  whole  length,  is  directed  upwards  and  forwanls;  the  inferUrr  surface  is  inc 
downwards  and  backwards.  The  anterior  border,  which  separates  the  upper 
the  under  surface  in  front,  is  rough  and  tulxjrcular  towards  its  inner  end  fo 
attachment   of  the  clavicular   fibres  of  U^e  i)ectoralis  major,  whilst  exter 
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it  becomes  continuous  with  the  anterior  margin  of  the  acromial  end,  it  is 

defined,  and  bears  the  imprint  of  the  origin  of  the  tibrcs  of  the  deltoid 

i ;   here,    not   uncommonly,   a   projecting  spur  of  bone,  called   the  deltoid 

le.  xuay  be  seen.     The  posterior  border  is  broad  internally,  where  it  is  lipped 
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Fig.  129. — Right  Cuvvkxe  as  seen  from  Below. 

iorly  to  furnish  an  attachment  for  the  clavicular  fibres  of  the  Kterno- 
»id  muscle  ;  behind  and  below  this  the  sterno  -  hyoid  and  sterno  -  thyroid 
es  are  attached  to  the  bone.  Externally,  the  posterior  border  becomes  more 
ed,  and  is  conHuent  with  the  posterior  edge  of  the  acromial  end  at  a  point 
there  is  a  marked  outgrowth  of  bone  from  its  under  surface,  the  conoid 
Je  (tuberasitas  coracoidea).  Into  the  outer  third  of  this  border  are  inserted 
[>per  and  anterior  fibres  of  the  trapezius  muscle.     The  inferior  surface  of  the 

close  to  the  sternal  end  is  marked  by  an  irregular  elongated  impression 
rositas  costalis),  often  deeply  pitted,  for  the  attachment  of  the  rhomboid 
ent,  which   unites  it  to  the  cartilage  of  the  first  rib.     External  to  this  the 

Ls  channelled  by  a  groove  which  terminates  close  to  the  conoid  tubercle ;  into 
proove  the  subclavius  muscle  is  inserted. 

he  acromial  end  of  the  tone  is  flattened  and  compressed  from  above  down- 
\,  and  expanded  from  before  backwards ;  its  anterior  edge  is  sharp  and  well 
^,  and  gives  attachment  to  the  deltoid  muscle,  which  also  spreads  over  part 
I  upjier  surface.  Its  posterior  margin  is  rougher  and  more  tubercular,  and 
les  a  surface  for  the  insertion  of  the  trapezius.  The  area  between  these  two 
iiLir  attachments  is  smooth  and  subcutaneous.  Tlie  outer  edge  of  this 
rd-turned  part  of  the  bone  is  provided  with  an  oval  fjicet  (facies  articularis 
lialis)  for  articulation  with  the  acromion  process  of  tflie  sca])ula ;  the  margins 
id  this  articular  area  serve  for  the  attachment  of  the  ca])sule  of  the  joint. 
inferior  surface  of  the  jvcromial  end  of  the  bone  is  traversed  obli({uely  from 
111  forwards  and  outwards  by  a  rougli  ridge  or  line  called  tlie  trapezoid  or 
le  ridge.  The  posterior  extremity  of  this  rid<^e,  as  it  abuts  on  the  posterior 
T  of  the  bone,  forms  a  prominent  process,  the  conoid  tubercle  (tulxTositas 
oidoa j ;  to  each  of  these,  respectively,  are  attached  the  traj)ezoid  and  conoid 
303  of  the  coraco-clavicular  ligament. 

Itrient  Foramina.— Tlu*  ioramina  for  the  largt*r  initrit-nt  vessels,  of  whicli  tliere  may  be 

•  twr»  flin'Ctwl  oulwanls,  aiv  usually  found  alxiut  the  luMdle  of  the  jiosterior  horder,  or  it 

»  oji^'nuig  into  the  f!(K»r  of  tlie  gi*ouve  for  the  suhelavius  muscle. 

rehltectlire — The  shaft  consists  of  an  outer  layer  of  comi>act  hone,  thickeM   towaids  the 

•,  but  gnulually  thinning  towaitls  the  extremities,  the  investing  envelope  <»f  which  consists 

r  of  a  thill  shell.     Within  the  shaft  the  cancelloiLs  tissue  (lisj)lays  a  l«»ngitu<linal  striation, 

I  intvmally  assumes  a  morn  cellular  appeamnce.     At  the  acn»mial  end  the  general  arrange- 

'A  the  ti)»r»*8  resenihlerf  the  ai)j»earance  of  tin-  sides  of  a  ( Jothic  arch.     The  curves  of  the 

iiiqiart  an  elasticity  to  it,  which  is  of  much  s^-rvice  in  reducing  the  elfects  of  the  shocks  to 

I  it  is  xt  frei[Uentlv  subjectt**!. 

Illations.-- -The  clavich*s  of  women  are  more  slender,  less  eurve<l,  and  shorter  than  th(»se  of 

In  the  latter  the  Inme  is  ^)  inclined  that  its  outer  end  lies  slightlv  higher  or  on  the  same 
with  the  Menial  end.  In  women  the  Innie  usually  >1oih*s  a  little  downwanl  and  outwai-d. 
iiore  j»ronuuncetl  curve:*  of  some.  l)ones  are  probably  as.Mj(;iated  with  a  more  powerful 
ipnient  of  the  i>e<:loi-jil  and  deltoid  muscles,  a  circum>tanc.e  which  al>(»  alfonls  an  exjdana- 
f  the  differenceh  usually  Heen  between  the  right  and  left  bones,  the  habitual  use  of  the  right 

limb  ivacling  on  the  form  of  the  bone  of  that  side.  The  influence  of  muscular  action, 
er,  dries  not  wliollv  account  f<»r  the  pro<luction  of  the  curves  of  the  bone,  since  the  lx)ne 
i-vn  >h<»wn  to  display  it«  characterif?tic  Weatui'es  in  cases  where  there  has  Xwmxh  defecl\\«i 
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development  or  absence  of  the  upper  limb  (Reynault).  Partial  or  complete  absence 
clavicle  has  been  recorded.  W.  S.  Taylor  exhibited  an  interesting  case  of  this  kind 
Clinical  Society  of  London,  October  25,  1901. 

Ossification. — Phylogenetically  of  dermic  origin,  the  clavicle  in  man  is  remariu 

commenciDfiT  to  ossify 

St«frnal  epipbyHJH  ossifies  alxjut  IMiiiary  centre  appears  about  ,        ,^         .        ,•' 

20th  year ;  fuses  about  2&th  year  5th  or  6th  month  of  focUl  life  any  OtQCr  OOne  m  tOe 

this*  occurs  as  early  i 
fifth  or  sixth  week  of 
life.  The  primitive  i 
from  which  the  shafi 
outer  extremity  are  dev< 
appears  prior  to  the  i 
Fig.  130. — Ossification  of  the  Clavicle.  t^jon     of    any    cartilai 

matrix ;  and  it  is  not 
later  stage  that  cartilage  plays  a  part  in  the  development  of  the  bone  by  assisting 
growth  of  its  extremities. 

A  secondary  centre  or  epiphysis  appears  at  the  sternal  end  about  the  age  of  t 
or  later,  and  fusion  rapidly  occurring  between  it  and  the  shaft,  ossification  is  com 
at  the  age  of  twenty-five  or  thereabouts. 

The  Scapula. 

The  scapula  (scapula),  shoulder  blade  or  blade  bone,  is  of  triangular  shap 
flattened  form.  It  has  two  surfaces,  ventral  and  dorsal.  From  the  latter 
springs  a  triangular  process  called  the  spine,  which  ends  externally  in  the  aero 
whilst  from  its  superior  border  there  arises  a  beak -like  projection  called 
coracoid  process. 

The  body  of  the  bone,  which  is  thin  and  translucent,  except  along  its  nu 
and  where  the  spine  springs  from  it,  has  three  borders  and  three  anglea  Of 
borders  the  internal  or  vertebral  (margo  vertebralis)  is  the  longest ;  it  strc 
from  the  superior  angle  above  to  the  inferior  angle  below.  Of  curved  or  some 
irregular  outline,  it  affords  a  narrow  surface  for  the  insertion  of  the  levator  a 
scapulae,  rhomboideus  minor,  and  rhomboideus  major  muscles. 

The  superior  border  (margo  superior),  which  is  thin  and  sharp,  is  the  shorti 
the  three.  It  runs  from  the  superior  angle  towards  the  root  of  the  coracoid  pr 
before  reachin;^'  which,  however,  it  is  interrupted  by  the  suprascapular  notd 
cisura  scapulae),  which  lies  immediately  to  the  inner  side  of  the  base  of  that  pr 
This  notch,  which  is  converted  into  a  foramen  by  a  ligament,  or  occasionaUj 
spicule  of  bone,  transmits  the  suprascapular  nerve.  Attached  to  the  su] 
border,  close  to  the  notch,  is  the  posterior  belly  of  the  omo-hyoid.  The  exten 
axillary  border  (margo  axillaris),  so  called  from  its  relation  to  the  hollow  o 
armpit  (axilla),  is  much  stouter  than  either  of  the  others ;  it  extends  fron 
external  angle  above  to  the  inferior  angle  below.  The  upper  inch  or  so  ol 
border,  which  lies  immediately  below  the  glenoid  articular  surface,  is  rougl 
tubercular  (tuberositas  infraglenoidalis),  and  affords  attachment  to  the  long 
of  the  triceps.  Below  this  it  is  usually  crossed  by  a  groove  which  marki 
position  of  the  dorsal  artery  of  the  scapula.  The  8uj)erior  angle  (angulus  mec 
is  sharp  and  more  or  less  rectangular ;  the  inferior  angle  (angulus  inferii 
blunter  and  more  acute ;  whilst  the  external  angle  (angulus  lateralis)  corres] 
to  that  part  of  the  bone  which  is  sometimes  called  the  head,  and  which  suj 
the  glenoid  surface  and  the  coracoid  process. 

Tlie  glenoid  surface  is  a  pyriform  articular  area,  slightly  concave  from  above  c 
wards  and  from  side  to  side ;  its  border  is  but  slightly  raised  above  the  general  si 
and  affords  attachment  in  the  recent  condition  to  the  glenoid  ligament,  which 
to  deepen  the  socket  in  which  the  head  of  the  humerus  rests.  Below,  the  m 
of  the  glenoid  fossa  is  confluent  with  the  infiraglenoid  impression  (tuberositas  : 
glenoidalis),  whilst  above  it  blends  with  a  tubercle  (tuberositas  supraglenoii 
to  which  the  long  head  of  the  biceps  muscle  is  attached.  Springing  fror 
upper  part  of  the  head,  in  line  with  the  superior  border,  is  the  coracoid  p 
(processus  coracoideus).     The  base  of  this  is  limited  externally  bj  the  g] 


THE  SCAPULA. 


187 


ilst  internally  it  is  separated  from  the  superior  border  by  the  supra- 
notch.  Rising  upwards  for  a  short  space,  it  bends  on  itself  at  nearly  a 
rle,  and  ends  in  a  process  which  is  directed  outwards  and  slightly  forwards, 
ing  the  glenoid  fossa  above  and  in  front.  Compressed  from  above  down- 
has  attached  to  its  upper  surface  near  its  angle  the  conoid  ligament,  wide 
I  there  is  a  rough  area  for  the  trapezoid  ligament.  Attached  to  its 
border  is  the  coraco-acromial  ligament,  whilst  at  its  extremity  and 
the  front  of  its  anterior  border,  is  the  combined  origin  of  the  biceps  and 
^achialis,  together  with  the  insertion  of  the  pectoralis  minor.     The  neck 
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Infkriok  anolk 
Fio.  131. — The  Rioht  Scapula  as  seen  kkom  Bkhind. 


8capul;c)  is  that  somewhat  constricted  part  of  the  bone  which  supports  the 
t  corresponds  in  front  and  behind  to  a  line  drawn  from  the  suprasc^ipular 
d  the  infraglenoid  tubercle. 

body  of  the  bone  has  two  surfaces,  a  dorsal  (facies  dorsalis)  ana  a  ventral 
ixtetalis).  The  former  is  divided  into  two  fossae  by  an  outstanding  process 
gular  form,  called  the  spine  (spina  scapulce).  The  attached  l)order  of  this 
the  back  of  the  body  obliquely  in  a  direction  outwards  and  slightly 
s,  extending  from  the  vertebral  border  near  the  lower  limit  of  its  upper 
towards  the  centre  of  the  posterior  glenoid  edge,  from  which,  however,  it 
ated  by  the  great  scapular  notch,  which  here  corresponds  to  the  posterior 
of  the  neck  The  surfaces  of  the  spine,  which  are  directed  upwards  and 
irds,  are  concave,  the  upper  entering  into  the  formation  of  the  supraspinous 
hich  lies  above  it,  the  lower  forming  tlie  upper  wall  of  the  infra&ptnoT&a  tosa«i, 
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which  lies  below  it.  The  two  Ibssie  are  in  communication  with  each  oth 
the  free  external  concave  border  of  tlie  spine,  where  that  curves  over  t 
scapular  notch.  The  posterior  free  border  of  the  spine  is  subcutaneous  thi 
its  entire  length.  Its  upper  and  lower  edges  are  strongly  lipped,  and  se 
superior,  for  the  attachment  of  the  trapezius ;  the  inferior,  for  the  origi 
deltoid.  The  intervening  surface  varies  in  width — broad  and  triangular 
becomes  confluent  with  the  vertebral  border,  it  displays  a  smooth  surf 
which  the  tendinous  fibres  of  the  trapezius  play;  narrowing  rapidly,  it 
surface  of  varying  width  which  blends  externally  with  a  flattened  process, 

forming  a  coi 
plate  of  bon 
arches  acre 
scapular  note 
and  behind,  a 
curves  forwa 
wards,  and  out 
overhang  the 
fossa.  The 
border  of  thii 
is  continuous 
upper  margii 
spine,  and  u 
curved.  The 
border,  more 
than  the  ini 
which  it  is  n 
front,  is  c^nflv 
the  inferior 
the  spine,  wit 
it  forms  an 
bend,  term 
acrdmial  ang: 
bone  included 
these  two  b( 
called  theacnx 
cess.  Of  CO] 
form,  it  mi 
sembles  the 
end  of  the 
with  which  i 
lates  by  mea 
facet  (facies  ai 
acromii)  w 
placed  on  its 
lx)rder  near  it« 
extremity, 
perior  surfao 

acromion,  which  is  broad  and  expanded,  is  8ul)cutaneous,  and  is  directed  up¥ 
backwards,  and  in  the  normal  position  of  the  bone  outwards  as  well.  Its  intei 
where  not  in  contact  with  the  clavicle,  has  attached  to  it  the  fibres  of  the  t 
whilst  its  external  margin  affords  origin  to  the  central  part  of  the  deltoid 
anterior  extremity  it  is  connected  with  the  coracoid  process  by  means  of  th 
acromial  ligament.  Its  under  surface  is  smooth  and  overhangs  the  should 
The  supraspinous  fossa,  of  much  less  extent  than  the  infraspinous,  i 
above  the  spine,  the  upper  surface  of  which  assists  in  forming  its  curved 
it  is  lodged  the  supraspinatus  muscle.  The  suprascapular  notch  opens  into 
whilst  telow  and  externally  it  communicates  with  the  infraspinous  foss 
great  scapular  notch,  through  which  the  suprascapular  artery  and  nerv^ 
reach  the  infraspinous  fossa. 


Axillary  Utm&Kft. 
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Inferior  anole 
132. — The  Eight  Scapula  as  seen  from  the  Front. 
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The  infirasiiinoiui  fossa,  overhung  by  the  spine  ahove,  is  of  triangular  form.  The 
bonier  of  the  bone  limits  it  in  front,  whilst  the  vertebral  margin  bounds  it 
the  greiiter  part  of  this  surface  affords' "origin  to  the  infras])inatus  muscle, 
ting  a  well-defined  area  which  skirts  the  axillary  border  and  inferior  angle  of 
i  bone,  and  wliich  atfords  an  attachment  to  the  fibres  of  origin,  of  the  teres  minor. 
muiKrlc  extends  along  the  posterior  surfalSflBBf  ^^^^  axillary  border  in  its  upper 
l^tliinls.  reaching  nearly  as  high  as  the  glenoid  edge ;  whilst  a  crescentic  surface, 
l^eh  oeciipitfs  the  lower  third  of  the  axillary  border  and  curves  backward  round 
posterior  asj-iect  of  the  inferior  angle,  furnishes  an  origin  i'uv  the  teri^s  major 
le.  Here  also,  near  the  inferior  angle,  are  occiisionally  attached  some  of  the 
of  the  latissimus  dorsi  muscle. 
The  ventral  aspect  (facies  costalis)  of  the  l»ody  is  hollow  from  above  downwards 
fnm  side  to  side,  the  greatest  depth  being  in  correspondence  with  the  spring  of  the 
e  from  the  dorsal  surface.  Its  inner  boundary,  which  is  formed  by  the  anterior 
)ed  eilge  of  the  vertebral  border,  allbrds  attachment  to  the.  fibres  of  insertion  nf 
BKmitus  magnus  along  the  greater  jmrt  of  its  extent.  The  area  of  insertion  of 
I  muscle  is,  however,  considerably  incrcastnl  over  the  anterior  asix»cts  of  the 
Brier  and  inforior  angles  respectively.  Kunning  down  from  t  he  ln^ad  and  neck 
re  to  the  inferior  angle  below,  there  is  a  stout  rounded  ridge  of  Ijone,  wliich 
ts  a  tiihif&s  to  the  anterior  asiHJiit  of  the  axillary  border  and  increases  the 
ih  of  the  ventral  hollow ;  to  this,  as  well  as  to  the  lloor  of  the  fossa,  the  sub- 
palaris  muscle  Ls  attached.  The  tendinous  intersections  of  this  muscle  leave 
ir  imprint  on  this  surface  of  the  bone  in  a  series  of  three  or  four  rough  lines 
icli  converge  towards  the  neck. 

Vntrient  Foramina. — Frminiiiiji  for  tin*  i^iu^sji^'c  nf  nut l■ie^ltv^^<^^^•ls«lv  seen  indilVfivut  jmrl.- 

'e  Ipiiie  ;  tlif  iiic>>t  ami^tant  in  j^os^ition  is  one  whirli  open-s  into  tlio  infi-ispincju.s  fosi,  al)f)Ut  an 

c»r.-^«  fri>ni  th*?  R^apular  notch.     Othei's  arc  met  with  on  the,  ni»i.»er  and  under  sjurlaee.s  of  the 

\oii  th-  v<-ntnil  asjjoet  near  it,s  deepest  part,  and  also  aiimnd  the  glenoid  margin. 

Oosnexions. — The  ^.-apula  is  not  directly  <:onnectrtl  with  the  trunk,  hut  articulates  with  the 

rnd  «.."f  the  clavicle,  in  union  with  which  it  forms  tlie  shoulder  giiflh?  suj)i)ortint(  the 

Ti?  un  it-  glenoid  surface.     Placeil  on  the  ujjper  and  l)ack  part  yf  tin*  th<jnix,  it  covei-s  the 

tfrf>in  till'  s«vi»nd  to  the  seventh  incliLsive.     ]V)ssi'sse<l  of  a  wide  mnge  of  movement,  it  alters 

pri-iii.iii   .u.-i-oHing  to  the  attitude  of  the  limh,  rising  or  falling,  iK-inj,'  drawn  inwards  or 

rirl".  "rK-iiijf  rr»tat4-*l  up«)n  itself  ac^-onlfn^'  as  the  arm  i.^  moved  in  vari<»iis  cliri*etions.    Those 

ii£w  ill  fii>iti«ni  ran  easily  Im?  (Uftermint*^  hv  recopiising  theaiten'd  rel;itions  nf  tin*  suhcutaiM-ous 

lU'Tiv  pniiiiinwu-fs,  nioi-e  especially  the  forniei-j  wliirli  include  the  spine,  the  acromion  ju-ocess, 

I  lb-- !ow»-r  half  <d'thi'  vi-rtehral  bonier. 

Anhitectnre. — F'nr  si>  light  and  thin  a  hone,  the  scajmla  j>ossrsse^a  remaikahle  rii^ndity.  This 
flwin:;  t«i  'h*-  arran^vmHut  of  its  parts.  Strnit  and  thiek  wlu-re  it  suj)porls  the  ^deimid  surface 
rin.Mi-.>id  i»riM-rv^,  the  ii'st  of  the  Vnie  is  thin,  excej»t  aloii^'  the  axillary  honler  ;  l»ut  strength  is 
MfUtr*]  t'.'  tin-  IhkIv  l»y  tin-  manner  in  which  the  sjiim-  isfus<-d  at  ri«jht  aii^di-s  to  its  po>terior  surface. 
Vinations. — Tin*  mo<t  common  A'ariation  met  with  is  a  st-parated  acrominn  pnici-ss.  In 
I*-'.!'-"'  tij*  re  ha>  heeii  failure  in  the  ossitic  union  hetween  tin*  trimw  ami  acr«imi'>n,  the 
Ki:.-:.' 'i-'tvvt  1*11  tlii- twi»  I H-ing  effected  i)y  a  layei-  of  «'artila«:<*  or  .*iu  aiticulation  jMi.v«;<>sin'' a 
Bl-aviiy.  Th*'  lundition  is  usually  .-ymmetrical  on  Iwjth  sides,  thouirh  instances  aie  ncurvied 
:!::-  .in-nnp-ini-nt  is  unilateral.  Very  much  raivr  is  the  cMiiditinn  in  which  llu*  ctiiacuid 
Db~  i-  >«-parahl«*  fntni  the  re.«it  of  tlie  Ixnie.  The  size  ami  form  of  the  suprascapular  notch 
«^.  [u  i.i-rtain  i-ax-s  tlie  su[»crior  l>onler  of  tlu'  horn-  descrihes  a  uniform  curve  i-eachiii*^'  the 
E'f  'h-  c'-riU'iiifl  withniit  any  indieation  of  a  nutch.  in  r^nnw.  sca]»ula',  m»)r<;  i>ai"li<iilarly  in 
^''t-.vry  .►!*]  peo]»le,  tlie  iloor  of  the  sul»sraj)ular  fn<sa  isdeliririit  owing  to  the  ahsmpiiun  of 
ili;!i  If.n.',  the  pfri<»stea!  layeis  alone  tillin«x  up  the  ^'aj*.  ('nngeniial  elevation  of  the  srapula 
iidnt  T..  .ji-frrtiv.-  develoiuneiii  of  the  muscles  connected  with  it. 
At  i.irrh  tin*  vertieal  length  of  the  Imuh:  is  less  in  j>n>]>ortii)n  to  it><  width  than  in  the  adult. 

Ossification.  -  Ossification  begins  in  the  body  of  the  cartilajrinous  sca])nla  about  the 
kBki'jf  th«-  si'i.-inid  tnonth  of  fa'tal  life?.  At  birth  the  head,  neck,  hody,  s])ine,  and  base  of 
LtfecijTiCf'iil  pHK'evs  arc  well  defined  ;  the  vertebral  border,  inferior  jmj::le.  glenoid  fossa, 
n:'»ii  iiiid  oonicoid  processes,  are  still  cartilaginnus.  The  centre  f(»r  the  npp<'r  and 
Iparr  of  tlie  ci^mcoid  appears  in  the  firsit  year,  and  fnsirni  along  an  oblitpu?  line  leading 
ItLe  upjicr  e<ige  of  the  jrlenoid  fossa  to  the  (.-onoid  tubercle  is  cnni])lete  about  the 
|th  year.  A  separate  centre  (subconieoid),  which  ultimately  includes  the  upper  jiart 
^gltfuoiil  fossil  and  external  part  of  the  c<micoid  process,  niak(?s  its  aj)pearance  about 
Inth  year,  and  fuses  with  the  surroundin;;  bone  aliont  sixteen  or  sevi?nteen.  \  ])  till 
^^|e  of  piiljerty  the  acromion  remains  cart ila^ri nous  ;  centres,  two  or  more  iiv  wvvuvbeT, 
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then  make  their  appearance,  which  coalesce  and  ultimately  unite  with  the  apin 

the    twenty -tift 

Failure  of   unio 


Primary  centre 
api>eare  about 
2nd  m.  foetal  life. 


Acromial  centreH 
app<«r  15-16  yra. 
fuse  about  25  yra. 

Secondary  centre  for 
coracoid  appears 
at)out  eud  I  at  yr. ; 
futJHH  about  18  yra. 


Appears  about 

16-17  yra. ;  fuses 

about  20  ynt. 


tjnbcoracoid  Mntre 
iiplBsara  10 ym.;  fuses 
lu  17  yrs. 

Appisarai  about 
|,_-  -^17  yra*:  fuses 
about  'i4>  yT». 


however,  persistt 
out  life  (see  anU 
tions). 

Ossificatioi 
mences  in  the  g 
in  the  inferioi 
about  puberty, 
dcpendently  and 
later,  along  the  v) 
margin,  fusion  i 
body  occurring  ] 
twenty  to  twei 
years. 

Small  seal 
epiphyses  maki 
appearance  on  tli 
surface  and  at 
tremity  of  the  c 
and  arc  complete 
the  twentieth  y 
thin  epiphysial  j 
velops  over  thi 
part  of  the 
fossa  about  six 
seventeen,  fusion  being  complete  about  eighteen  or  twenty  years  of  age. 


ApiM'inrs  about 

16  or  17  yra. ; 

fuses  lts^20  yvt. 


\tf.iu>'  16-17 
fUHes  20- 
2^  yn. 


Scapula  at  end  of  First  Year.  Scapula  about  the  Age  of  Puberty. 

FlQ.  133.— OSSIKICATION    OF   THE   SCAPULA. 


The  Humerus. 

The  humerus,  or  bone  of  the  upi)er  ann,  articulates  with  the  scapula  abc 
with  the  lx)ne8  of  the  forearm,  the  radius  and  ulna,  below.  Its  upper  ei 
prises  the  head  and  great  and  small  tuberosities ;  its  shaft,  which  is  longer  tl 
of  the  other  bones  of  the  upper  extremity,  is  cylindrical  above  and  flattened 
At  the  inferior  extremity,  which  is  expanded  to  form  the  condyles  on  eith 
it  supportH  the  trochlear  and  capitellar  articular  surfaces  for  the  ulna  and 
respectively. 

The  superior  extremity  is  the  thickest  and  stoutest  part  of  the  boni 
head  (caput  humeri),  which  forms  about  one-third  of  a  spheroid  and  is  cov« 
articular  cartilage,  is  directed  upwards,  inwards,  and  slightly  backwards,  and 
the  glenoid  fossa  of  the  scapula ;  the  convexity  of  its  surface  is  most  pronou 
its  posterior  half.  Separating  the  head  from  the  tuterosities  externally  is  a  i 
groove,  which  fades  away  on  the  surface  of  the  bone  which  supports  the  a: 
part  inferiorly.  This  is  named  the  anatomical  neck  (collum  anatomicui 
serves  for  the  attachment  of  the  capsule  of  the  shoulder  joint.  The  articular 
the  groove  opposite  the  small  tuberosity  is  usually  notclied  for  the  attachmen 
superior  gleno-humeral  ligament.  The  great  tuberosity  (tuberculum  majui 
on  the  outer  side  of  the  head  and  becomes  continuous  with  the  shaft  belo 
upper  surface  forms  a  quadrant,  which  is  sulxiivided  into  three  more  or  less 
areas  of  une(iual  size.  Of  these  the  highest  and  anterior  is  for  the  insertioi 
supraspinatus  muscle,  the  middle  for  the  infraspinatus,  whilst  the  lowi 
posterior  serves  for  the  insertion  of  the  teres  minor  muscle.  The  outer  an 
this  tuberosity,  which  bulges  l^eyond  the  line  of  the  shaft,  is  rough  and  pie 
numerous  forauiina.  Anteriorly  the  great  tuberosity  is  separated  from  t\ 
tuberosity  (tuberculum  minus)  by  a  well-defined  furrow,  called  the  bicipital 
(sulcus  intertubercularis),  from  the  circumstance  that  the  tendon  of  origin 
long  head  of  the  biceps  muscle  is  lodged  within  it.  The  small  tnberotits 
front  of  the  outer  half  of  the  head ;  it  forms  a  pronounced  elevation,  whic 
into  the  shaft  below.  The  surface  of  this  tuberosity  is  faceted  above  and  i 
for  the  insertion  of  the  sub-scapularis  muscle,  whilst  externally  it  for 
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nner  lip  of  the  bicipital  groove.  Below  the  head  and  tuberosities  the 
3  bone  rapidly  contracts,  and  is  here  named  the  surgical  neck  (coUum 
l)  owing  to  its 
•    fracture    at    this 

^  '*^"      "  ^  Head 

%tt,  or  body  (corpus 
cylindrical  in  its 
On  it  the  bicipital 

be  traced  downwards 

y  inwards,  along  its 

rface.     The  edges  of 

,  which   are  termed 

xe  confluent  above 
great     and    small 

3  respectively.    Here 

rominent,  and  form 

»f  the  great  and  small 

3    (cristse    tuberculi 

minoris).     Inferiorly 

the  bicipital  groove 

fade  away,  the  inner 

dly  than   the  outer, 

ter  may  usually  be 
vn  to  a  rough  eleva- 
d  on  the  outer  side 
Lft  about  its  middle 
e     deltoid    eminence. 

outer  lip  of  the 
groove  are  inserted 
3  of  the  pectoralis 
)cle ;  hence  it  is  some- 
iiibed  as  the  pectoral 
♦  the  floor  of  the  groove 
mus  dorsi  is  attached ; 
e  teres  major  muscle 
i  into  the  inner  lip. 
eltoid  eminence  (tuber- 
Itoidea),  to  which  the 
deltoid  muscle  is  at- 
ifl    a    rough,    slightly 

V  '  shaped  surface, 
I  the  outer  side  of  the 
out  its  middle.  The 
hmb  of  the  V  is  par- 

the  axis  of  the 
d  is  continuous  with 
tr  lip  of  the  bicipital 
bove,  whilst  the  ix)8- 
nb  of  the  V  winds  ob- 
Dund  the  outer  side  of 
i  towards  the  posterior 
where  it  l>ecome8  con- 
jnth  a  slightly  elevated 
asionally  rough  ridge 
eads  up  the  back  of 
le  towards  the  great 
Ij  superiorly ;  from 
«r  ridge  the  outer  head  of  the  triceps  muscle  arises. 
inner  surface  of  the  shaft  about  its  middle  inclines  to  form  a  towwA^Ol 


Radial  fohha 


External 

KPirONDVLK 

Cai'itkllum 


fiJtTRRJfAL 


t'tivu.  EPICONDYLIC 


COROXOID  FOSSA 


Internal 

Eri«X)NDYLr. 


Fu:.  134. — Antkrior  Vikw  ok  thk  Ui(;ht  Humerus. 
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border,  on  which  there*  is  often  a  rough  linear  impression  marking  the  ine 
the  eoraco-brachialis  muscle.     Below  this  the  shaft  becomes  compressed 

panded  laterally,  ending  i 
on  either  side  in  the  condy] 
surfaces  are  now  anterior  i 
terior,  being  separated  fn 
other  by  two  clearly  defined 
the  epicondylic  lidges.  Of  t 
internal,  margo  medialis,  is  t 
curved  and  less  prominent 
continuous  above  with  the  ff 
which  the  coraco-brachiali 
tached,  whilst  inferiorly  it 
blending  with  the  internal 
The  external  epicondylic  rid( 
lateralis,  is  straighter  and  n 
jecting ;  its  edge  is  usually  i 
lipped.  Confluent  with  the 
condyle  inferiorly,  it  may  I 
upwards  to  near  the  delto 
ence,  where  it  turns  baokwa 
or  less  parallel  to  the  posteric 
border  of  that  impressioiiy  t 
on  the  posterior  surface  of  t 
The  interval  between  thiabi 
the  deltoid  eminence  is  tl 
verted  into  a  shallow  obliqu 
which  winds  round  the  cute 
of  the  bone  just  below  its 
this  constitutes  the  muaei 
grooye  (sulcus  radialis)  aloi 
the  musculo -spiral  nerve, 
with  the  superior  profund 
passes  from  the  back  to  r 
front  of  the  arm.  To  the  ep 
ridges  are  attached  the  inter 
septa,  whilst  the  external  in 
two-thirds  furnishes  a  8urfa( 
origin  of  the  brachio-radiali 
ator-longus),  and  in  its  lov 
for  the  extensor  carpi  radial 
muscle. 

The  anterior  surface  of 
half  of  the  shaft  is  of  < 
triangular  form,  the  bac 
spending  to  the  inferior  c 
of  the  bone.  Running  d 
centre  of  this  is  a  broad, 
elevated  ridge,  most  pr 
above,  where  it  joins  tb 
eminence,  and  sloping  on  e: 
towards  the  epicondylic  rid 
into  the  outer  of  these  slopei 
musculo -spiral  groove  flo^ 
ferioi'ly  the  elevated  surfac 
out,  and  becomes  confluent 
condyles,  more  correctly  tei 
epicondyles.  The  internal  epicondyle  (epicondylus  medialis)  is  the  more  p 
of  the  two,  and  furnishes  a  surface  for  the  origin  of  the  pronator  radii  t 
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Fig.  136.— Thb  Head  of  the  Rioht  Humerus  as  seen  from 
Abo>'B  (with  the  outline  of  the  lower  extremity  in  relation 
thereto  shown  in  dotted  line). 


Trochlea 


(sroovc  for  tiliiar  n«»rve 

—The  Lower  Extremity  of  the 

ffUJCERini   AS  SEEN   FROM  BSLOW. 


^ial  flexor  muscles  of  the  forearm.     The  external  epicondyle  (epicondylus 

runted  and  but  little  projecting,  serves  for  the  attachment  of  the  common 

origin  of  the  extensor 

The  brachialis  anticus 

I  an  extensive  origin 

Qterior  surface  of  the 

if  the  shaft,  including 

1  upper  slips  the  inser- 
d^toid. 

sterior  surface  of  the 

of  the  shaft  is  smooth 

id  from  side  to  side; 

flattened  below,  where 

shaft  tends  to  incline 

t  becomes  continuous 

dde  with  the  posterior 

f  the  epicondyles,  the 

rhich  is  grooved  for  the  passage  of  the  ulnar  nerve,  whilst  the  external 

supplies  an  origin  for  the  anconeus  muscle. 
The  inner  head  of  the  triceps  muscle  has 
an  extensive  origin  from  the  posterior 
surface  of  the  lower  two -thirds  of  the 
shaft,  internal  to  and  below  the  musculo- 
spiral  groove. 

The  lower  extremity  of  the  humerus 
is  furnished  with  two  articular  surfaces 
(the  condyles  proper),  the  outer  of  which, 
called  the  capitelluin  (capitulum),  for  ar- 
ticulation with  the  upper  surface  of  the 
head  of  the  radius,  is  a  rounded  eminence, 
the  anterior  surface  and   lower   border,  but  not   extending   upwards 

sterior  surface  of  the  inferior  end  of  the 

•ove  it,  in  front,  there  is  a  shallow  de- 

bssa  radialis),  into  which  the  margin  of 

of  the  radius  sinks  when  the  elbow  is 

lexed.     A  shallow  groove  separates  the 
internally  from  the  trochlea,  which  is  a 

rticular   surface,  with   prominent   edges 

pirally  round  the  lower  extremity  of  the 

le  spiral  curves  from  behind  forwards  and 

nd  its  axis  is  slightly  oblique  to  the  long 

!  shaft.     The  inner  lip  is  the  more  salient 

ro,  and    forms  a  sharp  and  well-defined 

the  articular  area ;  its  CArtila<,'e-eovered 
slightly  convex.     The  outi;r  lip,  much 

ineut,  is  rounded  off  into  the  articular 

tiich    separates   it   from    the    capitellum, 

to  which,  however,  it  is  carried  up  as  a 

•ss  definite  crest.     It  is  by  means  of  the 

:hat   the    humerus   articulates   with    the 

loid  cavity  of  the  ulna.     On  the  anterior 

the  lx>ne,  immediately  above  the  trochlea, 

tsion — the  coronoid  fossa  (fossa  coronoidea), 

1  the  coronoid  process  of  the  ulna  slips  in 

the  joint,  whilst  in  a  corresponding  position 

ick  of  the  lower  end  of  the  shaft  there 

v,  called  the  olecranon  fossa  (fossa  olccrani), 

e  the  trochlea  posteriorly.     Into  this  the 
process  sinks  when  the  elbow  is  extended 
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by  a  thin  translucent  layer  of  bone  which  may  be  deficient,  thus  leading  to  the  1 
tion  of  a  foramen  between  the  two  hollows  in  the  macerated  bone.     The  ant 
of  the  Ciipsule  of  the  elbow-joint  is  attached  to  the  superior  margins  of  the  ] 
coronoid  fossa?  in  front,  whilst  the  posterior  ligament  is  connected  with  the 
border  and  lateral  edges  of  the  olecranon  fossa  behind.     The  strong  int 
external  lateral  ligaments  are  attached  superiorly  to  the  internal  and 
epicondyles  respectively.     The  proportionate  length  of  the  humerus  to  thei 
heiglit  is  as  1  is  to  4'93-5-25. 

Nutrient  foramina  arc  usually  to  be  Heen,  ouc  at  or  near  the  surface  for  the  insertion  i^ 
coraco-brachialis,  the  other  usually  close  to  the  liinder  bonier  of  the  deltoid  einineiioe;| 
have  a  downward  direction.     Numerous  vascular  foramina  are  scattered  along  the  line  i 
anat<miical  neck,  the  larger  ones  \mng  situated  near  the  upper  end  of  the  bicipital  grooT& 

Oonnexions. ~ -The  humerus  articulates  with  the  scapula  above,  and  radius  and  ulna  1 
Embe<ld(Ki  as  the  humerus  is  in  the  substance  of  the  upper  arm,  it^  shaft  and  head  are  i 
on  all  sides.     It  is  only  at  its  lower  part  that  it  comes  into  direct  relation  with  the  i 
internal  epic^ndvle  forming  a  characteristic  projection  (m  the  inner  side  of  the  elbow;  . 
external  epi condyle,  less  prominent,  and  the  external  epicondylic  ridge  can  best  be  i 
when  the  elU^w  is  >)ent.  , 

Architectura — The  shaft  consists  of  a  layer  of  compact  >)one  surrounding  a  long  i 
canal.  The  outer  shell,  thickest  in  the  lower  third  of  the  bone,  gradually  tluns  until  it  i 
the  superior  epiphysial  line,  where  it  forms  a  layer  no  thicker  than  stout  paper.  Till 
the  external  sne!ll  is  thicker  and  stouter  than  aljove,  until  it  nracluw  the  enicondyki^^ 
which  the  articuhir  surfaces  are  forme^l  of  a  layer  of  compact  spongy  Ixme.  The  upper  0 
the  medullary  canal  is  surrounded  by  loose  8{)ongy  tissue,  the  nt)res  of  which  arch,  vi 
from  the  inner  surface  of  the  compact  outer  layer,  whilst  inferiorly  the  canbellovi  \ 
which  springs  fnnn  the  outer  shell  sweeps  do^iiwards  in  a  radiating  fashion  on 

of   the    olecranon    fossa  towards  the  epicondvles.      Above  the  olecranon    foesa   ti 

number  of  laminje  of  dense  Ixjne  which  arcli  across  from  one  side  to  the  othei^ 
vexity  of  the  aix'hes  being  diivctwl  downwards.  The  8Ui)erior  epiphysis,  formed  oi 
Ume,  is  united  to  the  shaft  by  a  wavy  line,  concave  externally  and  convex  intemaUj,1 
from  the  base  of  the  great  tuberosity  on  the  outer  side  to  the  inferior  articular  edge  on  thti 
side.  The  mass  alwve  this  includes  the  head  and  two  tuberosities.  The  spongy  tiBBue  i 
head  is  tine,  and  is  arninged  generally  in  hues  radial  to  its  surface ;  that  of  the  great  tab 
is  more  open,  and  often  displays  large  spaces  towanls  its  interior,  which  in  old  bones  oo 
cate  freely  with  the  medullary  cavity  of  the  shaft.  The  general  direction  of  the 
parallel  to  the  outer  surface  of  the  tul)erosity.  The  lower  articular  end  is  formed  of  fine  t^ 
tissue*,  more  compact  towanls  the  surface,  and  arranged  in  lines  more  or  less  at  riffht  angkll 
articular  planes.  In  the  adult  the  principal  nutrient  canal,  viz.  that  which  o])en8  oa 
surface  nt^ar  the  insertion  of  the  coraco-brachialis,  traverses  the  outer  convpact  wall  of  thft^ 
obliquely  downwards  for  a  distance  of  two  and  a  quarter  inches  l^efore  it  opens 
meflullary  cavity. 

Variations. — As  has  Ijeen  alivady  stated,  tlu*  olecranon  and  coronoid  fossae  may  oon 
with  each  other  in  the  macerated  bone.  The  re-sulting  supratrochlear  foramen 
commonly  met  with  in  the  lower  races  of  man,  as  well  as  in  the  anthropoid  apei^l 
some  other  mammals.  The  occurrence  of  a  hook  -  like  spine,  called  the  epicondylic  f 
whii'h  [n-ojects  in  fnmt  of  the  internal  epicondylic  ridge,  is  not  uncommon.  Its  extra 
connect »hI  with  the  internal  epicondyle  by  means  of  a  fibi-ous  l)and,  underneath  which  the  1 
nerve,  ac<.'onipanie<l  bv  the  brachial  artery,  or  one  of  it«  large  branches,  may  paaa,  or  a 
instances,  the  nerve  alone,  or  the  artery  unaccompanied  by  the  nerve.  This  process  is  thti 
logue  in  a  rudimentary  form  of  a  canal  prese^nt  in  many  animals,  notably  in  the  camiTO 
marsupials.  In  addition  to  the  bniad  musitulo-spiral  gnxjve  ali-eady  descrilied,  and  whie 
doubt  [n-oduci^l  by  the  twisting  or  torsion  of  the  shaft,  thei-e  is  occasionally  a  distinct 
grooA'e  posterior  to  it,  which  marks  precisely  the  course  of  the  musculo-spiral  nerve  asift] 
i-ound  the  outer  side  of  the  shaft  of  the  )x>ne. 

Ossification. — At  birth  the  shaft  of  the  humerus  is  usually  the  only  part 
bone  ossified,  if  we  except  the  occasional  ])reseiicc  (22  per  cent)  of  an  ossific  centre  I 
head.     (H.  R.  Spencer,  Journ.  Anat.  and  PhijaioL  vol.  xxv.  p.  552.)     The  centre 
shaft  makes  its  appearance  early  in  the  second  month  of  intrauterine  life.     Wit 
first  six  niontliH  after  birth  a  centre  usually  H])pears  \ov  the  head ;  this  is  sue 
one  for  the  great  tuberosity  during  the  second  or  third  year.     These  soon  coalesce j 
a  third  centre  for  the  small  tuberosity  begins  to  appear  about  the  end  of  the  thiid^ 
or  may  Ix?  delayed  till  the  fourth  or  fifth  year.     These  three  centres  are  all  blen  ' 
the  seventii  year,  and  form  an  epiphysis,  which  ultimately  unites  with  the  shaft 
the  age  of  twenty-tivc.     it  may  be  noticed   that  the  superior  end  of  the  diaph} 
conical  and  |K)inted  in  the  centre,  over  which  the  epiphysis  fits  as  a  cap,  an  ar 
which  thus  tends  to  prevent  its  displacement  before  union  has  occurred.     The  first  \ 
to  appear  in  the  lower  exinmity  is  that  for  the  capitellum  about  the  second  or 
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This  extends  inwards,  and  forms  the  outer  half  of  the  trocMear  surface,  the 
f  for  the  inner  half  not  making  its  appearance  till  the  eleventh  or  twelfth  year. 
ite  centres  are  developed  in  connexion  with  the  epicondyles ;  that  for  the  external 
re  about  the  twelfth  year,  and  rapidly  coalescing  with  the  centres  for  the  capitellum 
rochlea  forms  an  epiphysis,  which  unites  with  the  shaft  about  the  sixteenth  or 
:eeuth  year.  The  centre  for  the  internal  epicondyle  appears  about  the  fifth  year ; 
lua  a  separate  epiphysis,  which  unites  with  the  shaft  about  eighteen  or  nineteen. 
two  epiphyses  at  the  lower  end  of  the  bone  are  seimrated  by  a  down-growth  of  the 


i  birth.     About  5  years. 


Aliout  12  years. 
Fig.  139.— Ossification  of  the  Humkrl\s. 


Ahout  It)  years. 


■n  early  in  2nd  month  fu-tal  lif(^. 

abrpjv^io .  appears  3  to  3  yean. 

^«d.  appi-ars  witliin  linit  0  iiioutha. 

avmal  condyle,  aj>(><«rH  atiout  5  ye»rs. 

apcVlLaiu,  api>KtrB  2  to  S  years. 

v%  »br.(it  13  yeanfi. 

rw  for  heaii  antl  great  tul>ero8ity,  coak>HCf>  about 


8.  Centre  lor  small   tuber.».«.iiy   Ihhi's  v^ith  other  centres 

uNjiit  7  years. 
0.  ApjM^ars  alM^ut  11  nr  IJ  yi-ars. 

10.  Inferior  epiphysis  fnms  with  >haft  about  10  to  17  years. 

11.  SuiKTior  epiphy>is  fu.ses  with  shaft  aUmt  25  year.-^. 

12.  Fu.-iej*  with  shall  alwuit  17  to  IS  years. 


vbich  lies  between  the  internal  epicondyle  and  tlie  trochlea,  and  forms  part  of  the 
iivl  inner  side  of  the  latter  process. 

be  epicondylic  process  when  present  is  developed  from  tlie  diaphysis,  and  has  been 
red  to  lie  already  well  ossified  by  the  third  vear.      ("  Vwk-.  .\iiat   Soc."  Journ.  Annt, 

"kyfUJ.  isijs.) 

The  Ulna, 

'f  the  two  boners  of  the  forearm,  the  ulna,  wliich  is  placed  internally,  is  the 
fr.  It  consists  of  a  large  superior  extremity  supporting  the  olecranon  and 
iflid  proces,ses ;  a  shaft  tajx^ring  from  above  downwards ;  and  a  small  rounded 
ioT  end  called  the  head. 

taperior  Elxtremity. — The  olecranon  process  (olecranon)  lies  in  line  with  the 
iw  Its  jmsterior  surface,  more  or  less  triangular  in  form,  is  smooth  and 
utaneous  and  covered  by  a  bursa.  Its  superior  as])ect,  which  forms  with  the 
aior  surface  a  nearly  rcctaugular  projection — the  tii>  <>f  the  elbow — furnishes 
rface  for  the  insertion  of  the  tendon  of  the  triceps  muscle,  together  with  a 
ith  area  which  is  overlain  by  the  same  tendon,  but  separ.ited  from  it  by  a 
al  sac.  To  the  anterior  crescentic  border  of  this  process  are  attached  the  fi])res 
be  iKwterior  part  of  the  capsule  and  portion  of  the  interiifil  latrral  ligann^nt  of 
ellow-joint.  The  anterior  surface  is  articular,  and  enters  into  the  formation  of 
mat  sigmoid  cavity. 
14  a 
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The  coronoid  process  (processus  coronoideus)  is  a  bracket-like  process,  wh 
forwards  from  the  fore  and  upper  part  of  the  sliaft,  and  is  fused  with  the  ol 

process  superiorly.  By  its  upper  surface  i 
into  the  formation  of  the  great  sigmoid 
whilst  its  anterior  aspect,  which  is  separat 
its  upper  side  by  a  sharp  irregular  margin 
downwards  and  backwards  to  become  cc 
with  the  anterior  surface  of  the  shaft, 
angular  shape,  this  area,  which  is  rou 
^coBosoiD  IROCFJJ8  tubcrcular,  terminates  inferiorly  in  an  oval < 
tubercle  (tuberositas  uhiie),  into  which  the 
of  the  brachialis  anticus  muscle  is  inserted, 
lateral  margins  of  the  coronoid  process,  tli 
is  usually  the  better  defined.  Above,  w 
joins  the  superior  border,  there  is  geo€ 
salient  tubercle,  to  which  one  of  the  h 
origin  of  the  flexor  sublimis  digitorum  m 
attached,  whilst  below  this  point  the  innei 
furnishes  origins  for  the  pronator  radii  te 
occasionally  for  the  flexor  longus  pollicis  i 
from  above  downwards.  The  smooth  inner 
of  the  coronoid  process  merges  with  the  ol 
behind,  and  with  the  internal  surface  of  tl 
below. 

The  great  sigmoid  cavity  (incisura  semil 
for  articulation  with  the  trochlea  of  the  h 
is  a  semicircular  notch,  the  upper  part  o: 
is  formed  by  the  anterior  surface  of  the  oh 
whilst  below  it  is  completed  by  the  upper 
of  the  coronoid  process.  Constricted  tow 
deepest  part  by  the  notching  of  its  lateral 
the  articular  surface  is  occasionally  era 
a  narrow  impression  which  serves  to  de 
olecranon  process  above  from  the  coronoic 
The  articular  area  is  divided  into  an  inner 
sUghtly  concave  transversely,  and  an  out 
transversely  convex  to  a  slight  degree,  by 
tudinal  smooth  ridge  which  extends  from  t 
prominent  i)art  of  the  border  of  the  ol 
above  to  the  most  outstanding  point  of  the  ( 
process  below.  The  margins  of  the  great 
cavity  are  sharp  and  well  defined,  and  ser 
the  exception  of  the  area  occupied  by  tl 
sigmoid  cavity,  for  the  attachment  of  the 
of  th3  elbow-joint. 

The  small  sigmoid  cavity,  placed  on  tl 
side  of  the  coronoid  process,  is  an  oblong  8 
surface  for  the  reception  of  the  head  of  th< 
It   encroaches   on  the   lower  and   outer 
the  great  sigmoid  notch,  so  as  to  narroi» 
siderably.     Separated   from   it   by  a  reot 
curved  edge,  it  displays  a  surface  which 
from  above  downwards,  and  concave  froB 
backwards.      Its  anterior  extremity  is  i 
and  more  pointed  than  its  posterior,  and 
confluent  with  the  anterior  edge  of  the  < 
process,  at  which  point  the  orbicular  Ugament,  which   retains  the  head 
radius  in  position,  is  attached  in  front.      Its  posterior  border,  wider  ai 
outstanding,    lies    in    line,    and    is    continuous   with    the    interosseous 


BtLAti 

ABTIC'VUn  aVKFACE 
l^H  RAltiVa 
Qntrovt,  ran  eir.  carim 

8TYL<MI>   I'ROCESS 

Fio.  140.— The  Right  Ulna  as  viewed 
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shaft.      Behind  this  border,  the    orbicular    ligament    is    attached    pos- 

s  shaft  of  the  ulna  (corpus  ulnae),  which  is  nearly  straight,  or  but  sUghtly 
is  stout  and  thick  above,  graduaUj  tapering  towards  its  lower  extremity. 
be  divided  into  two  surfiEices,  a  flexor  and  an  extensor,  by  two  well-defined 
I,  an  external  or  interosseous  (crista  interossea),  and  a  posterior  (margo 
}),  which  latter  ia  subcutaneous  throughout  its  whole  length. 
!  outer,  or  interosseous  border  (crista  interossea),  is  crisp  and  sharp  in  the 
three-fourths  of  the  shaft,  but  becomes  faint  and  ill-defined  in  the  lower 
To  this,  with  the  exception  only  of  the  part  which  forms  the  posterior 
jy  of  the  bicipital  hollow,  is  attached  the  interosseous  membrane  which 
bs  the  two  bones  of  the  forearm.  The  posterior  border  (margo  dorsalis),  of 
J  outline,  curving  outwards  above,  and  slightly  inwards  below,  is  continuous 
rly  with  the  triangular  subcutaneous  area  on  the  back  of  the  olecranon, 
formed  by  the  confluence  of  the  borders  which  bound  that  surface;  well 
I  above,  it  becomes  faint  and  more  rounded  below,  but  may  be  traced  down- 
»  the  posterior  surface  of  the  base  of  the  styloid  process.  To  this  border  is 
d  an  aponeurosis  common  to  the  flexor  carpi  ulnaris,  extensor  carpi  ulnaris, 
cor  profundus  digitorum  muscles.  A  noteworthy  feature  in  connexion  with 
rt  of  the  shaft  is  the  fact  that  it  is  subcutaneous,  and  can  easily  be  felt 
1  the  skin  throughout  its  whole  length.  • 

t  iszor  Buzfkce  corresponds  to  the  front  and  inner  side  of  the  shaft.  It  is 
tly  described  as  consisting  of  two  surfaces,  an  anterior  and  an  internal, 
ire  separated  by  a  rounded  anterior  border  (margo  volaris),  which  extends 
le  tubercle  above  towards  the  styloid  process  below.  The  prominence  of 
Ige  varies  in  different  bones,  being  well  marked  in  bones  of  a  pronounced 
It  corresponding  merely  to  the  rounding  of  the  surfaces  in  poorly  developed 
!n&  The  flexor  aspect  of  the  bone  affords  an  extensive  origin  to  the  flexor 
lus  digitorum  muscle,  which  clothes  its  anterior  and  inner  sides  in  its  upper 
NUths,  reaching  as  far  back  as  the  posterior  border,  and  extending  upwards 
as  the  inner  side  of  the  coronoid  process.  Immediately  below  the  small 
I  cavity  there  is  a  hollow  triangular  area,  limited  behind  by  the  upper  part 
interosseous  crest,  and  defined  in  front  by  an  oblique  line  which  extends 
aids  and  backwards  from  the  outer  margin  of  the  coronoid  process.  In  this 
the  bicipital  tubercle  of  the  radius  rests  when  the  forearm  is  in  the  prone 
D,and  to  its  floor  are  attached  the  fibres  of  origin  of  the  supinator  radii  brevis 
L  The  lower  fourth  of  the  shaft  is  crossed  by  the  fibres  of  the  pronator 
ktas  muscle,  which  derives  its  origin  from  a  more  or  less  well-defined  crest, 
winds  spirally  downwards  and  backwards  towards  the  front  of  the  root  of  the 
i  process,  and  is  continuous  above  with  the  so-called  anterior  border. 
e  ortensor  aspect  of  the  shaft  lies  posteriorly  betwet»n  the  posterior  border 
le  interosseous  crest.  At  its  upper  part  it  is  placed  behind  the  greiit  and 
Rgmoid  cavities,  extending  on  to  the  outer  side  of  the  olecranon.  Here  an 
orresponding  to  the  upper  third  of  the  length  of  the  bone  is  marked  ofl' 
riy  by  an  oblique  ridge  which  leaves  the  interosseous  crest  about  an  inch  or 
below  the  hinder  edge  of  the  small  sigmoid  cavity.  Into  this  somewhat 
ular  surface  the  fibres  of  the  anconeus  are  inserted.  Below  this  the 
br  surfiice  is  subdivided  by  a  faint  longitudinal  ridge,  the  bone  between 
and  the  interosseous  crest  furnishes  origins  for  tlie  extensor  ossis  metacarpi 
a,  extensor  longus  pollicis,  and  extensor  indicis  muscles,  in  order  from  above 
vards.  The  surface  of  bone  between  the  posterior  border  and  the  afore-men- 
l  longitudinal  line  is  smooth  and  overlain  by  the  extensor  carpi  ulnaris  muscle. 
Ike  inferior  extremity  of  the  ulna  presents  a  rounded  head  (capitulum  ulna>), 
which,  on  its  inner  and  posterior  aspect,  there  projects  downwards  a  cylindrical 
ri  prtxiess  called  the  styloid  process  (^processus  styloideus).  To  the  extremity 
18  latter  is  attached  the  internal  lateral  ligament,  whilst  in  front  it  has  con- 
d  with  it  the  antero-internal  portion  of  the  capsule  of  the  wrist-joint.  The 
o-extemal  half  of  the  circumference  of  the  head  is  furnished  with  a  smooth 
m  convex  articular  surface,  which  fits  into  the  siLmioid  cavity  of  the  radiwa. 


198 


OSTEOLOGY. 


OLECRAKON    PROCE8H 


QtiMAl  HnMoiD  dAHTV 


CPllOl^lD'  VWK 


Small  8I011OID 

rAVlTT 


^TVB*ltO«iTT 


Burii^tTAL  B«iLU>W 


Ht-TKKiWiKOtJH 


Its  inferior  surlace,  flat  and  semilunar  in  shape,  and  separated  from  the  root  • 
styloid  process  by  a  well-marked  groove,  rests  on  the  upper  surface  of  the  trial 

fibro-cartilage  of  the  wria 
apex  of  which  is  attached 
groove  just  mentioned, 
margins  of  the  head  in  froi 
behind  the  radial  articular  s 
have  attached  to  them  tfa 
terior  and  posterior  ii 
radio  -  ulnar  ligaments, 
hinder  and  outer  surface  ( 
styloid  process  is  channelle 
groove  which  separates  it 
the  posterior  surface  of  the 
and  extends  some  little  w 
the  posterior  aspect  of  the 
end  of  the  shaft.  In  this  is  1 
the  tendon  of  the  extensoi 
ulnaris  muscle.  The  propo 
ate  length  of  the  ulna  to  th< 
height  is  as  1  is  to  6-26-6- 

Nutrient   Foramina.— i 

men,  having  an  upward  direct 
the  nutrient  artery  of  the  shaft 
on  the  anterior  surface  of  th 
from  two  to  three  inches  bel 
tuberosity.  Vascular  canals  o 
size  are  seen  above  and  behi 
Ruiall  sigmoid  cavity,  just  post 
the  notched  external  bolder 
great  sicmoid  cavity.  At  th< 
end  of  tae  bone  similar  openi 
seen  in  the  groove  between  the 
process  and  the  inferior  articul 
face  of  the  head. 

Oonnezions.— The  ulna 
lates  above  with  the  trochlea 
humerus.  On  the  outer  side 
contact  with  the  radius  abo 
below,  the  superior  radio -uli 
ticulation  being  formed  by  th 
of  the  radius  and  the  small  e 
cavity  of  the  ulna,  the  inferioi 
ulnar  joint  comprising  the  1 
the  ulna,  which  hts  into  the  e 
cavity  of  the  radius.  Betwee; 
two  joints  the  shafts  of  the  bo 
united  by  the  interosseous  met 
The  inferior  surface  of  the  1 
the  ulna  does  not  articulate  w 
carpus,  but  rests  on  the  upper 
of  the  interposed  triangular 
cartilage.  The  ulna  is  suj 
throughout  its  entire  extent 
jKiriorly  the  olecranon  process 
readilv  recognised,  particularl; 
the  elbow  is  Ijent,  as  in  this  j 
the  olecranon  is  withdrawn  u 
olecranon  fossa  of  the  hum< 
which  it  rests  when  the  joint 
tended  Below  this  the  subcu 
triangular  area  on  the  back 
olecranon  can  \)e  easily  detei 
and  from  it  the  posterior  border  of  the  bone  can  readily  be  trace<l  along  the  line  of  the 
furrow  "  to  the  styloid  process  below.  With  the  hand  supine  this  latter  pnxsess  can  be  fel 
inner  side  and  slightly  behind  the  wrist  When  the  hand  is  pronated,  the  lower  end 
radius  rolls  round  the  lower  extremity  of  the  ulna,  and  the  antero-extemal  surface  of  the 
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Flu.  141.— Thk  Radius  and  Ulna  as  sbkn  from  the  Fbont. 
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r  ]K>ne  now  fonxiH  a  well-marked  projection  on  the  Ivack  of  the  wrist  in  line  with  the 
Jieen  the  little  and  ring  fingers. 

itectme. — The  weakest  parts  of  the  l)one  are  tlie  constricted  portion  of  the  great 
cavity,  and  the  f<haft  in  its  lower  thirrl,  the  lx)ne  lx*ing  most  liable  to  fnicture  at  these 
(>n  section  the  medullary'  cavity  is  seen  to  extend  upward^*  as  high  as  the  base  of  the 
process;  iiiferiorly  it  reaches  as  Ioav  as  the  upjier  end  of  the  lower  fifth  of  the  lx)no.  The 
tne  sha6,  which  are  forme<l  of  dense  lx)ne,  are  much  thicker  post^jriorly  than  anteriorly. 
iL-y  are  continuous  with  the  front  of  the  coronoid  procass  and  the  Imck  of  the  olecranon, 
It-tare  composed  of  layers  of  looser  texture,  which,  iiowever,  gradually  become  thinner  as 
its  of  theee  processes  are  reached.  Inferiorly  tliey  gradually  taper  until  the  head  and 
>rwe»  are  reached,  round  which  they  form  a  thin  shell,  considerably  thickened,  however, 
-egion  of  the  grtK)ve  for  the  extensor  airpi  ulnaris  muscle.  The  bulk  of  the  upper 
T  U  formed^  of  loose  cellular  Iwne,  arranged  in  a  series  of  ai*cades,  stretching  fi-om  the 
to  the  posterior  waU  over  the  ui>pei'  end  of  the  medullary  c^nal.  Alx>ve  the  constricted 
the  great  {>igmoid  ca\'ity  the  Inme  displays  a  dififerent  stnictui-e ;  here  it  is  formed  of 
-me,  of  cloftfr  texture,  arrangwl  generally  in  lines  radial  to  the  articular  surface.  At  the 
ii>nstrictiou  of  the  great  sigmoid  cavity  the  layer  immediately  subjacent  is  much  denser 
»*  compact. 

lower  fifth  of  the  bone  is  formed  of  loose  spongy  Ixme,  the  fibi-es  of  which  have  a  general 
inal  arrangement ;  t<iwards  its  extremity  the  meshes  l«*conie  smaller. 
Jltioil& — Cases  of  mrtial  or  complete  absence  of  the  ulna  through  congenital  defect  have 
jrdwL  Kosenmiiller  has  descril>ed  a  case  in  which  the  olecniuon  was  separated  from  the 
id  of  the  bone,  resembling  thus  in  some  resjH'Cts  the  patella.  In  i)owerfully  developed 
eiy»  is  a  tynrlency  to  the  formation  of  a  sharp  i)rojecting  crest  corresjKmding  to  the  inser- 
he  triceps, 

dfication. — Tlie  ulna  is  ossified   from  one  primary'  and  two  or  more  secondary 

Tlie  centre  for  tlie  shaft  appeai-s 
I  the  second  month  of  fo'tal  life. 
Ii  the  shaft  and  a  considerable  part 

upjier  extremity,  including  the  ■=, 
I  process,  arc  ossified,  as  well  as  part  3 
lower  extremity.  The  olecranon  f 
and  the  inferior  surface  of  the  head  J 
I  styloid  pnxjcss  are  cartilaginous.  | 
*u  years  of  age  a  secondary  centre  f 

iu  the  cartilage  at  the  u])j>er  end   I 

lK>ne,  and  forms  an  e]>iphy8i8  - 
nites  witli  the  shaft  about  sixteen.  •=' 
like  centre  appears  in  the  cartilage  ^ 
fiead  about  the  sixth  year,  from  |^ 
lie  under  surface  of  that  part  of  the  3" 
develope<l,  and  by  the  extension  of 
he  styloid  process  is  also  ossified  ; 
[ihysis  duos  not  unite  with  the  shaft 

iwentietb  or  twenty -third  year, 
ident  centres  for  the  styloid  process 

the  extreme  e<lge  of  the  olecranon 
'so  been  described.  The  student 
re  1h?  warned  that  the  epiphysial 
:ween  the  shj\ft  and  superior  or 
m  e])iphyKi8  does  not  correspond 
constrict£»<l  pairt  of  the  great  sigmoid  cavity,  but  lies  considerably  above  it 


FuseH  with  sh:irt  about  l«i  years 


Ai)i>«*ar8  nhout  10  year« 


A]>poars  ubnui 


Fus«'s  with  shaft  -2i)-'2'A  yoars 
At  Birth.     Alxmt  12  years.       About  10  yt*ars. 
Fkj.  142.— Thk  Ossification  ok  thk  I'i.na. 


The  Kadius. 

radius,  or  outer  bone  of  the  forearm,  is  shorter  than  the  ulna,  with  which 
lited  on  the  inner  side.  Superiorly  it  articulates  with  the  humerus,  and 
?upports  tlie  caq)U8.  It  consists  of  a  head,  a  neck,  a  tubercle,  a  shaft, 
exjitinded  lower  extremity.  The  shaft  is  narrow  above,  l)ut  increases  in  all 
iieters  below. 

per  Extremity. —  The  head  (ca])ituluni)  is  disc-shaped  and  provided  with 
>\v  concave  surface  (fovea  cai)ituli  radii)  superiorly  for  articubilion  with  the 
iini  of  the  humerus.     The  circumference  of  the  head  (circuniiereiitia  articii- 

smooth  and  is  embraced  hy  the  orbicular  ligament.  On  the  inner  side  it 
llv  much  broader,  and  displays  an  articular  surface,  plane  from  above  dvANn- 
14  f 


200 


OSTEOLOGY. 


OLE«.RANf»N 


B^Aft 


Niwcs 


TlTiiuiKjfijTr 


UXK 


wards,  which  rolls  within  the  small  sigmoid  cavity  of  the  ulna  in  the  mo\ 

of  pronation  and  supination.     The  character  of  the  outer  half  of  the  circum 

differs   from    the   ii 

beingnarrower,and  r 

from  above  downwa: 

The  neck  (collun 

is  the  constricted 

the  shaft  which  supp 

head,  the  overhang 

latter  being  greatest  i 

the  outer  and  jKister 

IMow  the  neck,  on  ti 

side,  there  is  an  outsi 

oval    prominence,    1 

cipital     tuberosity 

ositas  radii).     The  p 

part  of  this  is    roi 

the  insertion  of  the 

tendon,  whilst  the  i 

half  is  smooth  and 

by  a  bursa  which  int 

l^etween  it  and  the  1 

The  shaft  (cori)u 

which  has  an  outwar 

and    is  narrow  alx) 

broad  below,  is  wedge 

on  section.     The  eil*; 

wedge  forms  the  sha: 

interosseous  margin 

bone     (crista     int( 

whilst  its  base  corr 

to  the  thick  and  i 

outer  border  over  wl 

anterior    or   flexor 

becomes  confluent  v 

posterior  orextensor 

The  internal  or 

seous    border,    faint 

where  it  lies  in    lii 

tlie  posterior  bordei 

bicipital  tul)ercle,  1 

sharp  and  prominen 

middle  third  of  tli 

r>elow  this  it  splits  i 

faint  hues,  which 

either  side  of  the 

cavity  on  the  lowei 

the    lx)ne,   thus    ii 

between    them    a 

triangular  area  int' 

the    deeper    fl})re8 

l)ronator    radii     qi 

muscle    are    insert 

this  border,  as   we] 

the    })osterior  of   t 

divergent  lines,  the 
-The  Radius  and  Ulna  as  sekn  khom  Bbhind.  ^         , 

^  4j  ev\o\  seous  membrane  is  a 

The  external  border  (oftentimes  descril>ea  as  the  external  surface)  is  th 

rounded  above,  but  becomes  thinner  and  more  prominent  Ixjlow,  where  it 
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KjtL  {hTvriB  poll. 

E\t.  \mc[ti  ra«l. 
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ilig.  and  fnd. 
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the  hose  of  the  styloid  process.  About  its  middle  the  anterior  and  posterior 
ue  lines  become  confluent  with  it,  and  here,  placed  l)etween  them,  is  a  rough 
ited  impression  which  marks  the  insertion  of  the  pronator  radii  teres  muscle. 
?  this,  and  on  the  outer  surface  of  the  neck,  the  supinator  radii  brevis  muscle 
Tied,  whilst  inferiorLy  this  border  is  overlain  by  the  tendons  of  the  brachio- 
s  and  the  extensor  carpi  radiali-s  longior  and  brevier  muscles, 
e  anterior  or  flexor  sur&ce  (facies  volaris)  is  crossed  obliquely  by  a  line  which 
rom  the  bicipital  tubercle  above,  downwards,  and  outwards  towards  the 
of  the  outer  l)order  of  the  shaft.  This,  oftentimes  called  the  anterior  oblique 
rves  for  the  attachment  of  the  radial  head  of  origin  of  the  flexor  sublimis 
jm  muscle.  Aliove  it,  the  front  of  the  bone  hjis  the  flbres  of  the  supinator 
revis  muscle  inserted  into  it,  whilst  below  and  internal  to  it,  extending 
lown  as  tlie  inferior  limit  of  the  middle  third  of  the  bone,  is  an  extensive 
for  the  origin  of  the  flexor  longus  pollicis  muscle.  In  the  lower  i'ourth 
bone,  where  the  shaft  is  broad  and  flat  in  front,  tliere  is  a  surface  for  the 
n  of  the  pronator  quadratus  muscle  which  also  extends  back  to  the  intcr- 
ridge. 

extensor  or  posterior  surflEtce  ffacies  dorsaUs)  is  also  crossed  ])y  an  oblique 
8  distinct  than  the  anterior.  This  serves  to  define*  the  superior  limit  of  the 
f  the  extensor  ossis  metacarpi  pollicis  muscle.  Above  tliis,  the  back  of  the 
d  upper  |>art  of  the  shaft  is  overlain  by  the  fibres  of  the  supinator  radii  brevis, 
lecome  atUiched  to  this  surface  of  the  bone  in  its  outer  lialf.  r>elow  the 
r  oblique  line  the  posterior  surface  in  the  upper  part  of  its  inner  half  gives 
:o  the  extensor  ossis  nietacarpi  i)ollicis,  and  the  (jxtensor  brevis  })ollicis 
in  order  from  above  downwards. 

lower  extremity,  which  tends  to  be  turned  slightly  forward  when  viewed 
low,  has  a  somewhat  triangular  form.  Its  inferior  carpal  articular  surface, 
from  before  backwards,  and  sliglitly  so  from  side  to  side,  is  divided  into  two 
y  a  slight  antero-p<.)sterior  ridge,  ]»est  marked  at  its  extremities  where  the 
'  and  i>osteri()r  margins  are  notched;  the  external  of  these  areas,  of  tri- 
shay>e,  is  for  articuhition  with  the  scai)hoid,  w hilst  the  inner,  quadrilateral  in 
for  the  semilunar  bone.  The  anterior  border,  ]>rominent  and  turned  forward, 
I  at  its  edge,  when*  it  serves  for  the  attachment  of  the  anterior  part  of  the 
of  the  wrist  joint.  The  posterior  border  is  rough,  rounded,  and  tubercular, 
n>>ved  by  many  tendons  :  of  these  grooves  the  best  marked  is  one  which  ]>assi\s 
y  across  its  })osterior  surface.  This  is  for  the  tendon  of  tlie  extt^isor  longus 
iiiu.scle.  The  outer  lip  of  this  groove  is  often  V(U'v  ])rominent,  and  ibrnis 
:andi  ug  tulxiTcle.  To  the  ulnar  side  of  this  oblique  groove  there  is  a  broad 
furrow  in  which  the  tendons  of  tlie  extensor  connnunis  digitorum  and 
r  indicis  muscles  are  lodge<l,  whilst  to  its  outer  side  and  between  it  and  the 
[»PX:ess,  there  is  anotlier  l)road  groove,  sul)divided  by  a  faint  ridge  into  two, 
tassfigo  of  tht»  tendons  of  the  extensor  carpi  radialis  brevior  and  the  extensor 
iialis  longior  in  that  order  from  within  outwards.  The  styloid  process  (pro- 
tyUudeus)  lies  to  the  outer  side  of  the  iiderior  extremity  ;  broad  at  its  base, 
les  narrow  and  i)ointed  below  wliere  by  its  inner  cartilagt^-covered  surface 
the  summit  of  the  inferior  triangular  articular  an^a..  The  outer  surface  of 
•ess  is  crossed  obliquely  from  al»ove  downwards  and  forwards  by  a  shallow 
:he  anterior  lip  of  which  is  sharp  and  well  marked,  and  serves  to  se]>arate  it 
*  anterior  surface  of  the  bone,  whilst  the  posterior  lij)  is  often  emphasised 
ill  tul»ercle  above.  The  tendon  of  the  braehio-radialis  muscle  is  inserted 
uppLT  part  of  either  lip,  and  also  spreads  out  onlo  the  floor  of  the  groove, 
le  tentlons  of  the  extensor  ossis  nieta(jir[>i  pollicis  and  the  extensoi'  brevis 
nnscles  lie  within  the  groove.  To  the  tip  of  the  styloid  process  is  attached 
rnal  lateral  ligament  of  the  wrist.  On  the  inner  side  of  the  lower  extremity 
tlie  sigmoid  cavity  (incisura  idnaris)  for  the  reception  of  the  head  of  the 
'ijncave  from  before  backwards,  and  ]dane  from  above  downwards,  it  forms 
nferior  niargui  a  rectangular  edge  whicli  separates  it  from  the  inferior 
iriaee.  To  this  edge  the  base  of  the  triangular  tibro-cartilage  is  attached, 
ire  which  serves  to  seyMirate  the  inferior  articular  surface  of  the  hiivvd  v>^ 


202 


OSTEOLOGY. 


the  iilua  from  the  carpus.     Tlie  anterior  and  posterior  edges  of  the  sigmoid  ean^ 
more  or  less  ])romineTit,  serve  for  the  attachment  of  ligaments. 

The  proportionate  lengtli  of  the  radius  to  the  body  height   is   as    1   is  t 
6-70-7-11. 

Nutrient  Foramina. — The  o])eiiings  of  several  small  nutriejit  canals  may  V)e  seen  in  tl 
region  of  the  neck.  That  for  the  shaft,  which  has  an  upward  direction,  is  usually  placed  on  ti 
front  of  the  Innie,  inteniiil  to  the  anterior  oblique  line,  and  from  an  incli  and  a  half  to  two  indi 
l)elow  tlie  hioipital  tulxircle.  The  back  of  the  lower  extremity  of  the  Iwne  is  pierced  by  nuu 
small  foramina. 

Connexions. --The  radius  articulates  with  the  capitellum  of  the  humerus  in  the  flex 
position  of  the  ell>ow,  with  the  ulna  to  it«  inner  side  by  the  superior  and  inferior  ra<lio-uln 
joints,  and  with  the  scaphoid  and  s<'milunar  Iwnes  of  the  carpus  inflow.  Alxjve,  the  head  of  t 
i)one  can  be  felt  in  the  intermuscular  depression  on  the  outer  side  of  the  back  of  the  elbow ;  hi 
the  bone  is  only  coven^l  by  the  skin,  superficial  fascia,  and  thr.  thin  ctminum  tendinous  origin 
the  exti*nsor  muscles,  as  well  as  the  ligaments  which  support  it  Its  position  can  best  lie  aM 
tainnl  by  pi-onating  and  su])inating  tlie  lx)nes  of  the  forearm,  when  the  head  will  l>e  felt  rotati 
beneath  the  finger.  The  lower  en(I  of  the  l)one  is  overlain  in  front  and  liehind  by  the  flexor  ai 
ext*»nsor  tendons,  but  its  general  form  can  Ix;  readilv  made  out.  The  styloid  jinn-ess  l^^nng  to  t 
out4;*r  side  of  the  wrist  in  line  with  the  extende<l  thumb  can  eAsilv  l)e  \-ea>gnis<Hl ;  note  that 
n*aches  a  luwer  level  than  the  corivsponding  ]ux»cess  of  the  ulna,  'The  outer  Uiitler  of  the  loi 
thiid  of  the  shaft  can  1h»  distinctlv  felt,  as  here  the  lione  is  only  overlain  by  tendons. 

Architecture. — The  neck  is  the  narrowest  part  of  the  lione  ;  here  fracture  may  oc<;ur,thoq| 
not  commonly.  The  i>oint  at  which  the  Ixme  is  usually  broken  is  aljout  one  inch  a1)o>'e  I 
lower  extivmity.  This  is  accountc*d  for  by  the  fact  that  the  ra<lius  sui)]>orts  the  hand  at  i 
radio-carpal  articulati(m,  and  the  shocks  to  which  the  latter  is  subjecttKl,  as  in  endeavouring 
save  oneself  from  falling,  are  naturally  transmitted  to  the  ra<Iius.  On  si*ction,  the  medidji 
canal  is  seen  to  extend  as  high  as  the  neck ;  below,  it  reaches  to  the  level  of  the  inferior  fiftk 
the  Knie.  Its  walls  are  thick  as  company!  with  the  diametei-s  of  the  l)one,  particularly  along  I 
interosst?ous  l)oixler,  thus  imparting  rigidity  to  the  curve  of  the  shaft  ;  these  walls  thin  6 
al)Ove  and  below.  Sui>eriorly,  the  surface  of  the  bicijntal  tubercle  is  forineil  of  a  tl 
shell  of  iM^ne,  which,  however,'  thickens  again  where  it  jjassew  on  to  the  neck.  The  nii| 
extremitv  is  formed  of  sjwngy  Uma  arranged  in  the  form  of  ai-ca<les,  i-eaching  below  the  Ml 
of  the  ticmital  tul^eivle  internally,  but  not  extending  Udow  the  level  of  the  neck  « 
temally.  Beneath  the  cajiitellar  articular  surface  thei-e  is  a  dense  layer,  thickest  in  t' 
rentiv,  and  thinning  towaids  the  cii-cumferimce ;  this  is  overlahi  by  a  veri'  thin  layer, 
less  com]>act  I  nine. 

The  infi'rior   fifth  of   the   shaft  and  lower  extremity   are    foiineil    of   l<Kwe    ^*lK>ngy  bo 
,^  arranged  more   or   less   longitudinally.      Il 

mediately  subjacent  to  the  car] ml  articd 
surface  the  ti^sue  is  more  com]>act,  and  d 
plays  a  striation  i»arallel  to  the  articular  pUl 
The  nutrient  canal  (^f  the  shaft  pierces  t 
anterior  wall  of  the  up]>er  T>art  of  the  niedi 
lary  cavity  oldiuuely  li-om  below  upwaids  j 
the  simce  of  half  an  inch. 

variations.-  Cases  <»f  congenital  aliHl 
of  the  i-adius  are  recorde<l ;  in  these  the  thin 
is  not  intmpiently  wanting  as  well. 

Ossification. — Thecentre  for  theshi 
makes  its  apfwamnce  early  in  the  seooi 
month  of  intrauterine  life.  At  birth  t 
Bhaft  is  well  foniied  ;  its  upper  and  lov 
extremities  arc  capped  with  cartilage,  m 
the  bicipital  tubercle  is  beginning  to  appei 
A  secondary  centre  appears  in  the  cartila 
of  the  lower  extremity  about  the  second 
thinl  year;  this  docs  not  miite  with  t 
shaft  until  the  twentieth  or  twenty-fif 
year,  somewhat  earlier  in  the  female.  Frc 
this  the  cari)al  and  ulnar  articxdar  surfa( 
are  formed.  The  centre  for  tlie  ho 
apj)ears  fn)m  the  fifth  to  the  seventh  yei 
and  fuses  with  the  neck  alKHit  the  age 
eighteen  or  twenty.  It  forms  the  capitell 
articMihir  surface  and  combines  with  the  neck  to  form  the  area  for  articulation  with  t 
small  sigmoid  cavity  of  the  ulna.  A  scale-like  epiphysis  capping  the  summit  of  t 
bicipital  tubercle  has  been  described  ;  this  appears  al>out  the  fourteenth  or  fifteenth  ya 
and  rapidly  fuses  with  that  process. 


Fus'*rt  with  hhafl  18-20  years 


•J-3  y«-.irH 


At  IJirtli. 
Fig.  144.- 


Unito!*  with  «liaft 
20-'J'«  yeapi 

About  12  years.         Al>oiit  16  years. 

-The  Ossification  of  the  Uaou's. 
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THE  BONES  OF  THE  HAND. 

te  bones  of  the  hand,  twenty-seven  in  number,  may  be  conveniently  divided 
iree  groups : — 

The  bones  of  the  wrist  or  carpus — eight  in  number. 

The  bones  of  the  palm  or  metacarpus— ^i?«  in  number. 

The  bones  of  the  fingers  and  thumb  or  phalanges— /ot^r^««n  in  number. 


The  Carpus. 

t  eax]Ml  bones  (ossa  carpi)  are  arranged  in  two  rows :  the  first,  or  proximal 

tnpriaesfrom 

b      inwards, 

H^hoid     (oe 

are),      aemi- 

38  lunatum), 

m    (os    tri- 

n),  and  jusi- 

j  pifiiforme) ; 

)nd  or  distal 

icludes    the 

m  (os  mul- 

im     majus), 

id  (os   mul- 

im   minus), 

mm  (os  capi- 

and  unciform  sesamoid  boh  ea 

latum).     Ir- 

ly  six-sided, 

these  bones 
»    non-ar- 

palmar  and 
iurfaces.  In 
1,  the  niar- 
)Desarenon- 
ir  along  their 

and  radial 
according  as 
rm  the  inner 
er  members 
eries. 


I.  Metacarpal 


USTACARPAL 


Fig.  145.— The  Bonbs  op  the  Right  Wrist  and  Hand  as  seen  fkom 
THE  Front. 

phoid  Bone  (os  naviculare).— This  is  the  largest  as  well  as  the  outermost 
the  first  row.  Its  palmar  surface,  rough  for  the  attachment  of  ligaments, 
ularly  •triangular.     The  inferior  external  angle  forms  a  projection  called 
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the  tuberoaity ;  this  can  be  felt  at  the  base  of  the  root  of  the  thumb.  Its  si 
surface  is  convex  from  side  to  side  and  before  backwards  for  articulation  wi 
radius.  This  area  extends  considerably  over  the  posterior  surface  of  the 
Its  inferior  surface  is  convex  from  before  backwards,  and  extends  on  to  the 
aspect  of  the  bone,  slightly  convex  from  side  to  side ;  it  is  divisible  into  two 
the  outer  for  articulation  with  the  trapezium,  the  inner  for  the  trapezoid. 

outer    surface   is    i 

Os  MAUNUM  SC'Al'UOID  -       -  . 


SKMIHWiR 


L.  MKtACUlPAL 


and  rounded  and 
a  non  -  articular  1 
which  extends  fro: 
radial  articular  e 
above  to  the  tulx 
below.  The  inner  i 
is  hollowed  out  in 
for  articulation  wit 
head  of  the  os  ma 
Above  this  it  disp 
small  semilunar  -  i 
facet  for  the  sem 
bone.  The  dorsai 
articular  surface  li 
tween  the  radial  ar 
surface  above  an 
surface  for  the  traj 
and  trapezoid  belo 
is  obhquely  groovi 
the  attachment  c 
posterior  ligaments 
wrist.  The  scaphoic 
ulates  with  five  h 
the  mdius,  the  sem 
the  OS  magnum,  the 
zoid,  and  the  trapes 
Semilunar  Boi 
lunatum). — So  callc 
its  deeply  excavates 
the  semilunar  hoc 
between  the  scaphi 
the  outer  side  an 
cuneiform  on  the 
Its  palmar  surfa 
rhombic  form  and 
siderable  size,  is  rou 
the  attachment  oi 
ments;  its  superio 
face,  convex  fron 
to  side  and   from 

backwards,  articulates  with  the  radius  and  in  i)art  with  the  under  e 
of  the  triangular  fibro-cartilage  of  the  wrist.  Its  inferior  aspect,  deeply  ho 
from  l)efore  backwards,  is  divided  into  two  articular  areas,  of  which  the 
is  the  larger;  this  is  for  the  head  of  the  os  magnum;  the  inner,  narroin 
side  to  side,  articulates  with  the  unciform.  Its  external  su/rface,  crescec 
shape,  serves  for  articulation  with  the  scaphoid,  and  also  for  the  attachment 
interosseous  ligaments  which  connect  it  with  that  bone.  Its  inner  surf 
quadrilateral  form,  is  cartilage-covered  for  articulation  with  the  cuneiforc 
the  edge  which  separates  this  from  the  superior  surface  has  attached  to 
interosseous  ligament  which  unites  these  two  bones.  The  rough  dorsai 
articviar  surface  is  much  'smaller  than  the  palmar;  by  this  means  the 
and  l)ack  of  the   bone   can  readily  be   determined.      The   semilunar  artic 


Skcond 

PHALANX 


Thiku 

I'HAIJkKX 


Fio.   146. 


-The  Bonks  of  the  Kioht  Wrist  and  Hand  as  bekn 
FRUM  Behind. 
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Oi  nuignuin- 


'  Tnipezolil 


|Tr»pe£luTu 


Itadhta 


ve  bones — the  scaphoid,  the  radius,  the  cuneiform,  the  unciform,  and  the  os 

m. 

leiformor  Pyramidal  Bone 

)[uetrum). — This  bone  may 

ogniaed   by  the  small  oval 

luiar  facet  on   its  anterior 

)    for   the    pisiform.      This 

^rd  towards  the  lower  part 

I  palttiar   surface,  which   is 

ere     rough    for    ligaments. 

•one  is  placed  obliquely,  so 

ts  surfaces  cannot   lie  ac- 

ly    described    as     inferior, 

i>r,  etc ;  but  for  convenience 

!ription,  the  method  already 

Klis  adhered  to.  The  superior 

e  has  a  convex  rhombic  sur- 

r  articulation  with  the  under 

e  of  the   triangular  fibre - 

ige  in  ailduction  of  the  hand, 

li  ordinarily  it  does  not  ap- 

i;o  be  in  contact  with  that 

are.     To  the  ulnar  side  of 

t   is   rough   for    ligaments. 

nferior  sur/(ice  is  elongated 

ttncavo-convex  from  without 

ds :  here  the  bone  articulates  with  the  unciform. 

Dt  than  behind,  articulates  with  the  semilunar. 


EUdiurt 


SHtuiLmmf' 


Fio.  147. — The  Right  Scaphoid  Bonk. 

NoTB.  —The  ))oue  is  represeuteil  iu  the  centre  of  the  tigure  iu 
the  jwsitioii  which  it  occupies  in  the  liaml  viewed  from 
the  front.  The  views  on  either  side,  and  above  and  below, 
represent  respectively  the  corresponding  surfaces  of  the 
bone  turneil  towards  the  spectator. 


L'ncifonn 


Oi  uui|Eunrii 


Uticifomi 


The  exteriial  surface,  broader 
The  in7ier  surface,  rounded 
Dugh,  is  confluent  above  and  behind  witli  the  superior  and  dorsal  aspects  of 

the  bone.  The  dorsal  surface, 
rounded  and  smooth  externally, 
is  ridged  and  grooved  internally 
for  the  attachment  of  ligaments. 
The  cuneiform  articulates  with 
three  bones,  viz.  the  pisiform,  the 
unciform,  and  the  semilunar. 
Pisiform  bone  (os  pisiforme). 
'     .'^-^  w-lm-  -*^  f     /  — About  the  size  and  shaj>e  of  a 

IPj^fc  .^"^^^^^^fc  ^''^^^^^'^^^  large  pea,  the  pisifonn  bone  rests 
rjfi^ft  ^(^M^W!^^^  i^^^P\^^  ^^  ^^^  anterior  surface  of  the  fore 
k^^^V  Rk^yiiSjIj^y  lyfl^^gMBf  end  of  the  cuneiform,  with  which 
^^^^r      ^^ShB^^^  ^^^^^^T      itarticulatesbyan  oval  or  circular 

facet  on  its  dorsal  aspect.  The 
rounded  mass  of  the  rest  of  the 
bone  is  non-articular, and  inclines 
downwards  and  outwards  so  as  to 
overhang  the  articular  facet  in 
front  and  externally.  The  mass 
of  the  bone  is  usually  separated 
from  the  articular  surface  by  a 
small  but  distinct  groove.  Into 
the  summit  of  the  bone  the 
tendon  of  the  flexor  carpi  ulnaris 
muscle  is  inserted,  and  here  also 
the  anterior  annular  ligament 
is  attached. 

'rapeiiam  (os  multangulum  majus). — The  trapezium  is  the  outermost  bone  of  tlie 
'1  row  of  the  carpus.  It  may  be  readily  recognised  by  the  oval  saddle-sl)aped 
on  its  inferior  surface  for  articulation  with  the  metacarpal  bone  of  the  tliuml). 


Fifi.  148. — The  Kiqht  Semilunar  Bone. 

—The  ly>ne  is  represented  in  the  centre  of  tlie  tigure  iu  tlie 
f«tiftn  mhich  it  Oi^cupies  in  tlie  hand  viewed  from  the 
f'W.  The  views  on  either  side,  and  above  and  below, 
!pr«sent  respectively  the  corresponding  surfaces  of  the  l)one 
irccd  towards  the  spectator. 
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UncLrcrifi. 


Plaifcmi 


From  its  palmar  aspect  there  rises  a  prominent  ridge,  within  wliich  is  a  groo^ 

which  the  tendon  of  the  flexc 
radialis  muscle  passes.  The  rid 
nishes  an  attachment  for  the  c 
annular  ligament,  as  well  as  fc 
of  the  short  muscles  of  the 
The  supenctr  surface  has  a  ha 
facet  for  the  scaphoid,  external  t< 
it  is  rough,  and  becomes  cont 
with  tlie  non-articular  external 
which  serves  for  the  attachmi 
ligaments.  On  its  inner  sur/ac 
are  two  facets;  the  upper  is 
oval,  concave  from  above  dowi 
and  verj'^  slightly  convex  from 
backwards, 


Trbiiii^liir 

or  wrlftt 


^iil<i?intlui3Ar 


Fig.  149. — The  Right  Cumbifobm  Bone. 


and  is  for 
articulation 
with  the  tra- 
pezoid. The 
lower,  small 
and  circular, 


Fig.  IfiO.- 


The  Right  I 
Boav. 


XoTK. — Tlie  figure  to  tb< 
preseuts  the  palmar  vu 
1>oiie ;  that  to  the  i 
dorsal  view. 


II.  MftEAc 


Note. — The  bone  is  represented  in  the  centre  of  the  ^nA    jjq*-   «1 
figure  in   the    position  wliich  it   occupies   in   the 

hand  viewed  from  the  front.     The  views  on  either  Ways       pre  - 

side,  and  al)ove  and  below,  represent  respectively  sent,   is     for 

the  corresponding    surfaces   of    the    lione    turned  orfionlafirin 

towards  the  spectator.  arucu  lawon 

With      the 

outer    side    of    the    base   of    the   second    metacarpal 

bone.      The   dorsal    surface,  of    irregular   outline,  is  rough   for  the    attac 

of  ligaments.     The  trapezium 
lates  with   four  bones,  the  sc 
trapezoid,  and   the   first  and 
metacarpal  bones. 

Trapezoid  Bone  (os  multai 
minus). — With  the  exception 
pisiform,  this  is  the  smallest 
carpal  bones.  Its  rough  palm 
face  is  small  and  pentagonal  in  < 
By  a  small  oblong  surfaoe 
superior  aspect  it  articulates  w 
scaphoid.  Inferiorly,  by  a  aoi 
saddle -shaped  surface,  it  arti 
with  the  base  of  the  second 
carpal.  Separated  from  thi« 
rough  V-shaped  impression, 
surface  on  the  outer  side  for  a 
tion  with  the  trapezium  ;  this  i 
as  if  obliquely  grooved  from 
backwards  and  downwards.  [ 
ternal  facet  for  articulation  w 
OS   magnum   is    naiTOW    from 

Note. -Tlie  bone  is  represented  in  the  centre  of  the  Hgure  downwards,    and   deeply   CUTVC 

in  the  paction  which  it  occupies  in  the  hand  viewed  before  baCKWards.      Ihe  difTSal 

fnmi  the  front.     The  views  on  either  side,  and  above  of  the   bonC,  which  is  rOUgh  ai 

anrl  Wlow,  represent  respectively  the  corresi>on.ling  ..-f:...,]^^     ;«     ^mch    larger    th 

surfaces  of  the  bone  turned  towards  the  si>ectator.  <irUCUiar,    IS     mucn    larger    tn 

pamiar    aspect.      The  mass 
bone,  dorsally,  is  directed  downwards  and  towards  the  ulnar  side.     The  tr 
articulates  with  four  bones — the  trapezium,  scaphoid,  os  magnum,  and  the 
metacarpal 


Fig.  151.— The  Right  Trapezium. 
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Ofl  magnnni 


[agniim  (os  capitatum). — This  is  the  largest  of  the  carpal  bones. 
!  rough  and  rounded.  The 
portion  of  the  bone  forms 
i,  and  is  furnished  with 
krticular  facets  which  fit 
hollows  on  the  inferior 
of  the  scaphoid  and  semi- 
tiat  for  the  latter  is  in- 
and  separated  by  a  slight 
m  the  scaphoid  articular 
le  inferior  aurfdce,  narrow 
its  palmar  border  and 
rsallj,  is  subdivided  usu- 
three  facets  by  two  ridges 
3wards  the  radial  side  is 
»se  of  the  second  meta- 
he  middle  facet  is  for  the 
tacarpal;  whilst  the  in- 
facet  of  the  three,  not 
>resent,  very  small  and 
3ar  the  dorsal  side  of  the 
or  the  fourth  metacarpal. 
•  sid^  oT  the  body  has  an 
surface  for  the  trapezoid, 
equently  separated  from 
[loid  surface  on  the  head 
iigh    line,   to  which   the 


Its  palmar 


!k1eiactir|Kl 


TnEKuvium 


III.  Metacarpal 


Uctiicarpir] 


Ifcta^urpal 


The  Right  Trapezoid. 

Note. — The  boue  is  represented  in  the  centre  of  the  Hgure  in 
the  position  which  it  occupies  in  the  hand  viewed  from 
the  front.  The  views  on  either  side,  and  above  and  below, 
represent  respectively  the  corresponding  surfaces  of  the 
bone  turned  towards  the  spectator. 

interosseous  ligament  connecting  it  with  the 
scaphoid  is  attached.  The 
inner  side  of  the  body  has 
an  elongated  articular  sur- 


CTiphold 


Unciform 


Fig.  153.— The  Right  Os  Magnum. 
boDf  is   represented    in   the  centre  of  the 


je  boDf  IS  represented  in  the  centre  of  the  figure  in  tlie 
>n  which  it  occupies  in  the  han<l  viewed  from  tlie  front. 
ifcws  on  eitb«T  side,  and  aV>ove  and  below,  represent  resjKiclively 
orrespooding  surfaces  of  the  bone  turned  towards  the 
itor. 

ma{j:nuiii. 
iform  Bone  (os  hamatum). — The  unciform  can  be  readily  distinguished  by 


face,  usually  deeply  notched 
in  front,  or  it  may  be  di- 
vided anteriorly  into  a  small 
circular  area  near  the  dorsal 
edge  ;  and  a  larger  posterior 
part.  This  latter  articulates 
either  singly  or  doubly  with 
the  unciforui,  the  interos- 
seous Hgament  which  unites 
the  two  bones  being  attached 
either  to  the  notch  or  to 
the  surface  separating  the 
two  articuhxr  facets.  The 
dorsal  surface  is  rougli  for 
ligaments;  it  is  somewhat 
constricted  below  the  head, 
the  articular  surface  of  which 
sweeps  round  its  upper 
border. 

The  OS  magnum  articu- 
lates with  seven  bones — the 
unciform,  the  semilunar,  the 
scaphoid,  the  trapezoid,  and 
the  second,  third,  and  fourtli 
metacarpal  bones ;  occasion- 
ally the  fourth  metacarpal 
does  not  articulate  with  tlie 
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V.  MtfUcirpAl 


iitai^iim 


I^HtLltlllAI' 


Fio.  154.— Thk  Right  Unciform  Bonk. 


the  hook-like  process  (hamulus)  which  projects  from  the  lower  and  inner  aM 
of  its  anterior  surface.     To  this  is  attached  the  anterior  annular  ligament  asi 

as  some  of  the  fibres  of  oc 
of  the  short  muscles  of 
little  finger.  The  vifuar 
of  the  unciform  pi 
M^irpai  sometimes  grooved  by 
deep  branch  of  the  u 
nerve  (Anderson,  W., 
Anat.  Soc."  Joum. 
and  Physiol,  voL 
11).  The  palmar  fw 
rough  for  ligaments,  is  i 
what  triangular  in  d 
Superiorly  and  inUm 
there  is  an  elongated 
ticular  surface  for  the  ci 
form,  convex  above 
concave  below.  The 
afipect  of  the  bone  is 
vided  with  a  plane  elongi 
facet,  occasionally  di^ " 
into  two  (see  above)  for 
ticulation  with  the  os 
num.  Where  the  su] 
and  external  surfaces 
the  angle  is  blunt,  and 

Note.— The  Iwne  is  represented   in  the   centre  of  the  figure  in  the  ^    uarrow    fac^t    whidl 

position  which  it  ocoupien  in  the  hand  viewed  from  the   front.  tlCUlatCS  With  the  SemilH 

The  views  on  either  wide,  and  above  and  below,  represent  respectively  Inferiorly     tlicre     are 

the  corresponding    surfaces    of    the    bone    turned    towards    the  articular  facetS  Separat 
speciaior.  ,  _  -  ■*        — 

a  ridge;   these  are 
concave  from  before  backwards,  and  are  for  articulation,  the  outer  with  the  fon 
and  the  inner  with  the  fifth  metacarpal  bone.     The  dorsal  surface,  more  or  \ 
triangular  in  shape,  is  rough  for  ligamenta 

The  unciform  articulates  with  five  bones — viz.  the  os  magnum,  semiluu 
cuneiform,  and  the  fourth  and  fifth  metacarpals. 

The  Carpus  as  a  Whole. 

When  the  carpal  bones  are  articulated  together  they  form  a  bony  mass,  t' 
dorsal  surface  of  which  is  convex  from  side  to  side.  Anteriorly  they  present 
grooved  appearance,  concave  from  side  to  side.  This  arrangement  is  furti 
emphasised  by  the  forward  projection,  on  the  inner  side,  of  the  pisiform  and  ho 
of  the  unciform,  whilst  externally  tlie  tuberosity  of  the  scaphoid  and  the  ridge, 
the  trapezium  help  to  deei>en  the  furrow  by  their  elevation.  To  these  four  poi| 
the  anterior  annular  ligament  of  the  wrist  is  attached,  which  stretches  across  fri 
side  to  side,  and  thus  converts  the  furrow  into  a  canal  through  which  the  flei 
tendons  pass  to  reach  the  fingers. 

Architectnra — Tbe  bones  are  formed  of  fairly  compact  spongy  tissue,  surrounded  by  a  ti 
shell  of  denser  l)one.  They  are  very  vascular,  and  their  non-articular  surfaces  are  pierced 
nianv  foramina. 

"Variations.—  Increase  in  the  number  of  the  carpal  elements  is  occasionally  met  with,  I 
these  have  been  ascribed  to  division  of  the  scaphoid,  semilunar,  cuneiform,  os  magnum,  Va^ 
zoid,  and  unciform.  In  the  last-mentioned  case  the  hook-like  process  persists  as  a  sepal 
ossicle  ;  but  the  researches  of  Thilenius  {Morph.  Arbeiteriy  Bd.  v.  Heft  3,  S.  462),  toother  with  I 
observations  of  Pfitzner,  prove  that  all  these  suixjmumerary  bones  are  1)ut  the  persistence  of  ifl 
pendent  cartilamnous  elements  which  are  met  with  in  the  hand  of  the  human  emhrvo  betm 
the  second  ana  fourth  months,  and  which  either  disappear  or  l>ecome  fused  with  adjaid 
elements.  Of  these  the  most  interesting  is  the  os  centrale,  first  described  by  Rosenbeig,  I 
subsequently  investigated  by  Henke,  LeTOUcq,  and  otheia.    Tlua  i*  met  with  almost  invarii! 
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tdependent  cartilaginous  element  during  the  earlier  months  of  fostal  life,  and  occasionally 

$  developed  into  a  distinct  ossicle  placed  on  the  back  of  the  carpiis  between  the  scaphoid 
magnum  and  the  trapezoid.  Its  significance  depends  on  the  fact  that  it  is  an  iiu- 
component  of  the  carpus  in  most  mammals,  and  is  met  with  normally  in  tlie  orang 

St  monke}r&     Ordinarily  in  man,  as  was  pointed  out  by  Leboucq,  it  becomes  fused  with  the 

i,  where  its  presence  is  often  indicated  by 


1  tubercle,  a  condition  which  maintains 
chimpanzee,  the  gorilla,  and  the  gibbons, 
has  recently  described  a  case  in  which 
ras  an  OB  subcapitulum  in  both  hands. 
icle  lay  between  the  base  of  the  middle 
pal  bone  and  the  os  magnum  with  the 
id  to  its  radial  side.  (Anat.  Anz.  vol.  zxiv.) 
'  addition  to  the  number  of  the  carpal 
s  may  be  due  to  the  separation  of  the 
process  of  the  third  metacarpal  bone  and 
stence  as  a  separate  ossicle. 
iction  in  the  number  of  the  carpus  has 
let  with,  but  this  is  probably  due  to 
^cal  causes.  Morestin  (BulL  Soc.  Anat. 
If  tome  71,  p.  651),  who  has  investigated 
ject,  finds  tnat  ankylosis  occurs  most  fre- 


L^ 


H 


III/' 


between  the  bases  of  the  second  and 
letacarpal  bones  and  the  carpus,  seldom 
•  between  the  carpus  and  the  first  meta- 
ar  between  the  pisiform  and  cuneiform. 
►t  Smith  has  recorded  an  instance  of  com- 
*ion  between  the  semilunar  and  cuneiform 
.  both  wrists  of  a  Soudanese  negro.     There 

evidence  of  any  pathological  change. 
H2.  voL  xxiil  1903.) 


Fig.  155.— Radiograph  of  thk  Hand 
AT  Birth. 


ification.  —  At  birth  the  carpus  is 
cartilaginous.  An  exceptional  case 
xl  by  Lambertz,  in  which  the  centres 
OS  magnum  and  unciform  were 
present.  The  same  authority  states 
is  not  uncommon  to  meet  with  these  centres  in  the  second  month  after  birth, 
in:  to  Debierre  (Joum.  de  I' Anat.  et  de  la  Physiol,  vol.  xxii.  1886,  p.  285), 
<jii  takes  place  approximately  as  follows  : — 


It  will  be  noticed  that  whilst  the  primary 
centres  for  the  metacarpus  and  phalanges 
are   well    ossified,    the    carpus    is    still 
entirely  cartilaginous. 
Compare  this  with  Fig.  197,  in  which  the 
tarsus  is  shown  in  part  already  ossified. 


Os  magnum 
Tnciform  . 
Cuneiform  . 
Semilunar  . 
Tnipezium . 
Scaphoid 
Trapezoid  . 
Pisiform 


11  to  12  months. 

12  to  14  months. 
3  years. 

5  to  ()  yours. 

6  years. 
6  years. 

6  to  7  years. 
10  to  12  years. 


same  observer  failed  to  note  the  aj>pearaiice  of  a  separate  centre  for  the  apoj)liysis 
iicifonn,  and  records  the  occurrence  of  two  centres  for  the  j)isif()rm. 


The  METACArvrus. 

metacarpal  bones  form  the  skeleton  of  the  palm,  articulating  proxiinally 
e  carj)us,  whilst  by  their  distal  extremities  or  heads  they  su]>port  the  bones 

fingers.     Five  in  number,  one  for  each  digit,  tliey  lie  side  by  side  and 

'  divergent  from  each  other,  being  separated  by  intervals,  terinetl  interosseous 

Distinguished  numerically  from  without  inwards,  they  all  display  certain 

II  characters ;  each  possesses  a  body  or  shaft,  a  base  or  carpal  extremity,  and  a 

phalangeal  end. 

;  shafts,  which  are  aYightly  canned  towards  the  palmar  aspect,  are  lAaYvowc^X. 
i  their  middle.     Their  dorsal  surface  ia  marked   by    two  divexgeul  Vm^i^ 
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H^ad 


Shaft 


Base 


Fio.  156.— First  Rioht 
Metacarpal  Bonk. 


which  pass  forward  from  the  back  of  the  base  to  tubercles  on  either  side 
head.  The  surface  included  between  the  two  lines  is  smooth  and  of  elo 
triangular  form.  On  either  side  of  these  lines  two 
shallow  grooves  wind  spirally  forward  on  to  the 
surface,  where  they  are  separated  in  front  by  a  sharj 
which  is  continuous  with  a  somewhat  triangular  i 
which  corresponds  to  the  palmar  aspect  of  the  base 
grooved  surfaces  on  either  side  of  the  shaft  furnish  orig 
the  interossei  muscles.  Close  to  the  palmar  crest 
opening  of  the  nutrient  canal,  w^hich  is  directed  towai 
carpal  extremity,  except  in  the  case  of  the  first  mett 
bone. 

The  head   (capitulum)   is  provided  with   a   surfa 
articulation  with  the  proximal  phalanx.     This  area 
farther  over  its  palmar  than  its  dorsal  aspect.     Conve: 
before  backwards  and  from  side  to  side,  it  is  wider  ant 
than  posteriorly ;  notched  on  its  palmar  aspect,  its  edge 
two  prominent  tubercles,  which  are  sometimes  grooved 
small  sesamoid  bones  which  may  occasionally  be  found 
anterior  surface  of  the  joint.     On  either  side  of  the  head 
bone  there  is  a  deep  pit,  behind  which  is  a  prominent  tul 
to    these    are    at- 
tached   the  lateral 
ligaments    of    the 
metacarpo-phalau  - 
geal  joints. 
The  bases   (basis),  all  more  or  less 
wedge-shaped   in  form,   articulate    with 
the  carpus ;  they  difler  in  size  and  sliape 
according  to  their  articulation.  .  ^b   stiait 

Of  the  five  luetacarpal  bones,  the 
first,  viz.  that  of  the  thumb, 
is  the  shortest  and  stoutest, 
the  second  is  the  longest, 
whilst  the  third,  fourth,  and 
fifth  display  a  gradual  reduc- 
tion in  length. 

The  four  inner  bones  ar- 
ticulate by  their  bases  with 
each  other,  and  are  uniteil  at 
their  distal  extremities  by 
ligaments.  They  are  so  ar- 
ranged as  to  conform  to  the 
hollow  of  the  palm,  l>eing  con- 
cave from  side  to  side  an- 
teriorly, and  convex  posteriorly. 
The  first  metacarpal  differs 
from  the  others  in  being  free 
at  its  distill  extremity,  whilst 
its  proximal  end  possesses  only 
a  carpal  articular  facet. 

The  first  metacarpal  bone 
is  the  shortest  and  stoutest  of 
the  series.  Its  shaft  is  com- 
pressed from  before  l>ackwards. 
Its  head,  of  large  size,  is  but 
slightly  convex  from  side  to  side,  and  is  grooved  in  front  for  the  sesamoid 
The  base  is  provided  with  a  saddle-shaped  surface  for  articulation  with  the  trap 
"as  no  lateral  facets.     Externally  there  is  a  slight  tubercle  to  whic 


O*  iiiK0^Qjn 


Fio.  157.— Second  Mktacari'al  Bone. 

Note. — The  Iwne  is  represented  in  the  centre  of  the  flgu; 
position  which  it  occupies  in  tlie  hand  viewed  from  t 
Tlie  views  on  either  side,  and  below,  represent  rw 
the  corresponding  surfaces  of  the  bone  turned  to^ 
spectator. 
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tor  longus  pollicis  or  extensor  osais  mala- 
pollicia  muscle  is  attached.  The  canal  for 
itrient  arterj  is  directed  towtirds  the  head  of 
me, 

38  lecoiid  metacarpal  bone  iu  recognised 
!  length  and  its  broad  and  deeply -notched 
for  articulation  with  the  tmpexold.  It  hi^ 
il  half-oval  fac«t  for  the  trajieziuin  ou  tho 
side    of    its 


;  on  its  ulnar  aspect 
lentsa  narrow  vertical 
for  the  o6  magnum, 
Dt  of  which  there  are 
lalf-oval  surfaces  for 
lird  metacarpal.  To 
rsal  aspect  of  the  base 
iched  the  tendon  of 
Ltensor  carpi  radialis 
r  muscle,  whilst  the 
carpi  radialis  is  in- 
in  front. 

e  third  metacarpal 
an  usually  be  recog- 
»T  the  i>ointed  styloid 
I  which  springs  from 
xrk  tjf  its  base,  and  is 
^l  radial-wards.  Su- 
ly  tliere  is  a  facet  on 
te  fur  the  os  magnum. 


HtylohJ  iitiwiNM 


(In  nuffntim 


U  Uutncanal 


Fio.  168. — Third  Metacakpal  IJ<»ne. 

Note. — The  Iwne  is  represente«l  in  tlie  eentrt!  of  tlie  Jigiire  in  the  iKJsition 
which  it  occupies  in  the  hand  viewed  from  the  front.  Tlic  views 
ou  either  Hide,  and  below,  represent  resijeotively  tlie  corresipondlng 
nnrfacefl  of  the  bone  turned  towanls  the  spectator. 


Oh  inagiiiiTn 

III.  MetacariNil 
Oh  inngnum 

l.'*!*.— Fourth  Metacarpal  Bonk. 


-  ''  IV.  Mol.nf:iri>al 


Fro.  160.     Fifth  Mkt.v carpal  Bone. 


-The  iKiiie  in  each  figure  i«*  represented  in  the  centre  of  the  fifrun*  in  the  position  which  it  o«'(Mipies  in  the 
r.'l  viewed  from  the  front.  The  views  on  either  side,  and  ludow,  rfjire^ent  rc.spc«'tively  the  c<>rresi)«)n«ling 
rfxct^  of  the  lK)De  tamed  towards  the  8]>ectator. 

le  nidial  side  there  are  two  lialt-oval  facets  for  th<»  .s<»cmhu1  inetacaqtal.  To 
ilnar  side  there  are  usually  two  small  oval  or  nearly  circular  tiu*ela  toi  \\\^ 
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fourth  metacarpal.     The  extensor  carpi  radialis  brevior  muscle  is  inserted  into! 
back  of  the  base. 

The  fourth  metacarpal  bone  may  1)e  recognised  by  a  method  of  exclusioiLj 
is  unlike  either  the  first,  second,  or  third,  and  diflers  from  the   fifth,  wl" 
resembles  in  size,  by  having  articular  surfaces  on  both  sides  of  its  base.     Suj 
there  is  a  quadrilateral  surface  on  its  base  for  articulation  with  the  unciform. 
its  radial  side  there  are  usually  two  small  oval  facets  for  the  third  metacarpuL 
these  facets  the  dorsal  one  not  infrequently  has  a  narrow  surface  for  articu' 
with  the  OS  magnum.     On  the  ulnar  side  there  is  a  narrow  articular  strip  i 
base  of  the  fifth  metacarpal. 

The  fifth  metacarpal  bone  can  be  recognised  by  its  size  and  the  fact  i 
has  only  one  lateral  articular  facet  on  its  base,  namely,  that  on  its  radial  i 
the  fourth  metacarpal.     The  carpal  articular  surface  is  saddle-shaped,  and  tb 
a  tubercle  on  the  ulnar  side  of  the  base  for  the  insertion  of  the  extensor 
ulnaris  muscle. 

As  has  been  already  pointed  out,  the  openings  of  the  arterial  canals  are  usually  seen  i 
palmar  surfaces  of  the  metacarpals,  those  of  the  four  inner  boneit  being  directed  upwards  to 
the  ba.se  or  carpal  end,  differing  in  this  respect  fi^ni  that  of  the  first  metacarpal,  which  iB  din 
downwards  towanls  the  head  or  ])halangeal  extremity.    The  opening  of  the  latter  canal  \ 
lies  to  the  nlnar  side  of  the  palmar  aspect  of  the  shaft 

Architecture. — Similar  in  arrangement  to  that  of  long  bones  generally,  though  it  i 
nottxl  that  the  compact  walls  of  the  siiaft  are  thicker  in  proportion  to  the  length  of  thai 
than  in  the  other  long  l)one8  of  the  upper  exti-emity. 

Variations. — As  previously  stated  {antey  p.  209),  the  styloid  a]>ophysis  of  the  third 
airpal  bone  ai)j)ears  as  a  8ei)arate  ossicle  in  al)out  1-8  per  cent  of  cases  examineil  ("  Fourth  / 
liejwrt  of  the  Committee  of  Collect  Invest  Anat  Soc.  Gt  Brit,  and  Ireland,"  Journ.  An 
Physiol,  vol.  xxviii.  p.  64).  In  place  of  being  unitetl  to  the  thirfl  metacarpal,  the  i 
a]>ophysis  may  }>e  fiiseil  with  either  the  os  magnum  or  the  trapezoid,  under  which  conditio 
biLse  of  the  third  metacarpal  bone  is  without  this  characteristic  process. 

Ossification. — The  metacarpal   boues  are  developed   from  primary  and 
centres  ;  but  there  is  a  remarkable  difference  between  the  mode  of  growth  of  the  finl^ 
the  remaining  four  inner  metacarpals,  for  whilst  the  shaft  aud  head  of  the  first  met 
are  developed  from  the  primary  ossific  centre,  aud  its  Itase  from  a  secondary  epiphj 
the  case  of  the  second,  third,  fourth,  aud  fifth  metacarpals,  the  shafts  aud  bfl 
veloped  from  the  primary  centres,  the  headk  in  these  instances  being  derived  frottj 
secondary  epiphyses.     In  this  respect,  therefore,  as  will  Ikj  seen  hereafter,  the  me 
bone  of  the  thumb  resembles  the  phalanges  in  the  manner  of  its  growth,  a  circu 
which  has  given  rise  to  considerable  discussion  as  to  whether  the  thumb  is  to  be  ] 
as  possessing  three  phalanges  and  no  metacarpal,  or  one.  metacarpal  and  two  pt 
Tlie  primary  centres  for  the  shafts  and  bases  of  the  second,  third,  fourth,  and  fifth  l 
carpals  appear  in  that  order  during  the  ninth  or  tenth  week  of  iutraut<2rine  life, 
little  time  after  the  terminal  phalanges  have  begun  to  ossify,  that  for  the  shaft  and  1 
of  the  metacarpal  bone  of  the  thumb  a  little  later.     At  birth  the  shafts  of  the  bonaij 
well  formed.     The  secondary  centres  from  which  the  heads  of  the  second,  third, 
and  fifth  metacarpals  and  the  base  of  the  first  are  developed,  appear  about  the  third  \ 
and  usually  completely  fuse  with  the  shafts  about  the  age  of  twenty.     There  may  [ 
independent  centre  for  the  styloid  process  of  the  third  metacarpal,  and  there  is  ua 
scale-like  epiphysis  on  the  head  of  the  first  metacarpal  which  makes  its  appearance  i 
eight  or  ten,  and  rapidly  unites  with  the  head. 

The  Phalanges. 

The  phalanges  or  finger  bones  (phalanges  digitorum  manus)  are  fouri 
number — three  for  each  finger,  and  two  for  the  thumb. 

Named  numerically  in  order  from  the  proximal  toward  the  distal  ends  of  m 
fingers,  the  first  phalanx  (phalanx  prima),  the  longest  and  stoutest  of  the  three,  Imm 
semi-cylindrical  shaft  which  is  curved  slightly  forwards.  The  palmar  surface  is 
and  bounded  on  either  aide  by  two  sharp  borders  to  which  the  sheath  of  the  flw 
tendons  is  attached.  The  dorsal  surface,  convex  from  side  to  side,  is  overlaiiil 
the  exten.sor  tendons.  The  proximal  end,  considerably  enlarged,  has  a  simple  Ofj 
concave  surface,  which  rests  on  the  head  of  its  corresponding  metacarpal  bona  Q 
either  side  of  this  the  bone  is  tubercular,  and  affords  attachment  to  the  latflil 
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III. 

Phalanx, 

ungual  or 

t4>rmina1 


II.  Phalanx 


Its  of  the  metacarpo-phalangeal  joint,  and  also  to  the  interossei  muscle.    The 

nd  is  much  smaller  than  the  proximal ;  the  convex 

IF  surface  is  divided  into  two  condyles  by  a  central 

running  from  before  backward.     The  second  phalanx 

IX  secunda)  resembles  the  first  in  general  form,  but 

mailer  size.     It  differs,  however,  in  the  form  of  its 

al  articular  surface,  which  is  not  a  simple  oval  con- 
but  is  an  oval  area  divided  into  two  small,  nearly 

:  concavities  by  a  central  ridge  passing  from  before 

kids ;  these  articulate  with  the  condyloid  surfaces  of 

>ximal  phalanx.  Into  the  margins  of  its  palmar 
near   the   proximal   end   are   inserted    the   split 

s  of  the  tendon  of  the  flexor  sublimis  digitorum, 

on  the  dorsal  aspect  of  the  proximal  end  the  central 

the  extensor  communis  digitorum  muscle  \s  at- 

The  third,  terminal  or  ungual  phalanx  (phalanx 

is  the  smallest  of  the  three ;  it  is  easily  recognised 

spatula-shaped  surface  on  its  distal  extremity  which 

jS  the  DaiL     The  articular  surface  on  its  proximal 

aembles  that  on  the  proximal  end  of  the  second 

X,  but  is  smaller.     On  the  palmar  aspect  of  this  end 

bone  there  is  a  rough  surface  for  the  insertion  of 

don  of  the  flexor  profundus  digitorum  muscle.     The 

surface  of  the  same  extremity  has  attached  to  it  the 

&1  portions  of  the  tendon  of  the  extensor  communis 

am  muscle.  The  phalanges  of  the  thumb  resemble 
arrangement  of  their  parts  the  flrst   and   tliird 

ges  of  the  fingers. 


I.  Phalaiiic 


I'Hil 


»Uart 


Metacarpal 
Fio.  161.— Thk  Phalanges  of 
THE  Fingers  (palmar  aspect). 


arterial  <*-ftTi^1a,  usually  two  in  number,  placed  on  either 
the  palmar  aspect  and  nearer  the  distal  than  the  proximal 
he  bone,  are  directed  towards  the  finizer-tips. 
Idtecture. — Each  phalanx  has  a  medullary  cavity,  the  walls 
ihaft  being  formed  of  dense  comi>act  bone,  especially  thick 
le  dorsal  aspect.     The  extremities  are  made  up  of  spongy  lK»ne  within  a  thin  dense  slu*]]. 
iations. — Several  instances  have  been  recordeit  of  cases  in  which  there  were  three  phalanges 
lumb.    Bifurcation  of  the  terminal  phalanges  has  occasionally  been  met  with,  and  examples 
•resfiion  of  a  phalangeal  segment  or  ita-.  absorption  by  another  ])lialanx  have  also  Iwit-n  de- 
(Hassel wander,  Zeita.  F.  MorpK:  u: Anihr.^  vol.  vi.  1003). 


sification. — The  phalanges  are  ossified  from 


i 


f 


}{ 


Yivi.  162.    -Kadio<jrai'Hs  op  Fcetal  Hands. 

i:  10  weeks.  Here  the  ossific  nuclei  of  the  terminal 
u«iisre»  and  the  four  inner  metacarpal  bones  are  seen. 
:tle  lat«*r.  llie  centre  for  the  metacarpal  Iwne  of  the 
;ub  U  now  appearing,  and  the  centres  for  tlie  first 
kl^D'^i^  of  the  iuilex  and  middle  fingers  are  clearly  seen. 
Bt  the  l.*eginniDg  of  the  third  month.     The  centres  for  all 

tir*t  row  of  phalange!*  are  now  distinct,  and  the  centres 
the  joecond  phalangeH  of  the  index,  middle,  and  ring  tingers 
e  nuule  their  appearance, 
reen  the  thinl  and  fourth  mouth.     The  primary  centres 

ill   the    phalauges    and    metacarpus    are    now   well 
elopeiL 

t  to  the  appearance  of  ossific  centres  in  the 
15  a 


primary  and  secondary  centres.  From 
the  former,  which  appear  tis  early  as 
the  ninth  week  of  fcetal  life,  the  shaft 
and  distal  extremities  arc  developed  ; 
whilst  the  latter,  which  begin  to  appear 
about  the  thinl  year,  fonn  the  proximal 
epiphyses  which  unite  with  the  shafts 
from  eighteen  to  twenty.  Dixey  (Pr<>c. 
Roy.  .S'oc,  XXX.  and  xxxi.)  has  pointed 
out  that  the  primary  centre  in  the 
ungual  phalanges  commences  to  ossify 
in  the  distal  part  of  the  bone  rather 
than  towards  the  centre  of  the  shaft. 
This  observation  has  been  confirmed 
by  Lambertz,  who  further  demon- 
strates the  fact  that  ossification  com- 
mences earlier  in  the  distal  phalanges 
than  in  any  of  the  other  bones  of  the 
hand.  Of  the  other  phalanges,  those 
of  the  first  row,  beginning  with  that 
of  the  third  finger,  next  ossify,  sub- 
shafts  of  the  metacarj)al  bones,  wbvUx, 
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the  second  or  intermediate  row  of  the  phalanges  is  the  last  to  ossify  about  the  end 
third  month. 

Sesamoid  Bones. 

Two  little  oval  nodules  (ossa  sesamoidea),  which  play  in  grooves  on  the  p 
aspect  of  the  articular  surface  of  the  head  of  the  first  metacarpal  bone,  are  const 
met  with  in  the  tendons  and  ligaments  of  that  metacarpo-phalangeal  articul 
Similar  nodules,  though  of  smaller  size,  are  sometimes  formed  in  the  correspo: 
joints  of  the  other  fingers,  more  particularly  the  index  and  little  finger ;  as  Thil 
has  pointed  out  (Morpk.  Arbeiten,  vol.  v.),  these  are  but  the  persistence  of  cartilag 
elements  which  have  a  phylogenetic  interest. 

THE  LOWER  LIMB. 

THE  PELVIC  GIRDLE  AND  THE  LOWER  EXTREMITY. 

The  pelvic  girdle  is  formed  by  the  articulation  of  the  two  haunch  bona 
the  sacrum  behind,  and  their  union  with  each  other  in  front,  at  the  joint  calli 
symphysis  pubis. 

The  Innominate  Bone. 

The  innominate  or  haunch  bone  (os  coxbb)  is  the  largest  of  the  flat  bones  < 
skeleton.  It  consists  of  three  parts — the  ilium,  the  ischium,  and  the  pi 
primarily  distinct,  but  fused  together  in  the  process  of  growth  to  form  one 
irregular  bone.  The  coalescence  of  these  elements  takes  place  in  and  aroun 
acetabulum,  a  large  circular  articular  hollow  which  is  placed  on  the  outer  side  < 
bone.  The  expanded  wing-like  part  above  this  is  the  ilium ;  the  stout  V-d 
portion  below  and  behind  it  constitutes  the  ischium  ;  while  the  > -shaped  pi 
the  inner  side,  and  in  front  and  below,  forms  the  pubis.  The  two  latter  porti< 
the  bone  enclose  between  them  a  large  aperture  of  irregular  outline,  call© 
thsrroid  or  obturator  foramen  (foramen  obturatorum),  which  is  placed  in  fron 
below,  and  to  the  inner  side  of  the  acetabulum. 

The  ilium,  almost  a  quculrant  in  form,  consists  of  an  expanded  plate  of 
having  a  curved  superior  border,  the  iliac  crest  (crista  iliaca).  Viewed  froi 
side,  this  forms  a  curve  corresponding  to  the  circumference  of  the  circle  of  i 
the  bone  is  the  quadrant ;  viewed  from  above,  however,  it  will  be  seen  to  di 
a  double  bend — convex  anteriorly  and  externally,  and  concave  posteriori) 
externally.  The  iliac  crest  is  stout  and  thick,  and  for  descriptive  purpof 
divided  into  an  outer  lip  (labium  externum),  an  inner  lip  (labium  internum] 
an  intermediate  surface  (linea  intermedia)  which  is  broad  behind,  narrowest  i 
its  middle,  and  wider  again  in  front.  About  2k  inches  from  the  anterior  extn 
of  the  crest  the  outer  lip  is  usually  markedly  prominent  and  forms  a  prdje 
tubercle,  which  can  readily  be  felt  in  the  living.  Attached  to  these  surface 
lips  anteriorly  are  the  muscles  of  the  flank,  whilst  from  them  posteriori] 
latissimus  dorsi,  quadratus  lumborum,  and  erector  spin®  muscles  derive 
origins.  The  crest  ends  in  front  in  a  pointed  process,  the  anterior  superior  iliac 
(spina  iliaca  anterior  superior).  To  this  the  outer  extremity  of  Poupart's  liga 
is  attached,  as  well  as  the  sartorius  muscle,  which  also  arises  from  the  edge  of 
immeiliately  Ik^ow  it,  whilst  from  the  same  proct^ss  and  from  the  anterior  ei 
the  outer  lip  of  the  iliac  crest  externally  the  tensor  fasciae  femoris  muscle  l 
origin. 

The  anterior  border  of  the  ilium  stretches  from  the  anterior  superior  iliac  i 
to  the  margin  of  the  acetabulum  below.  Above,  it  is  thin  ;  but  below,  it  f(H 
thick  tul>t>rcular  process,  the  anterior  inferior  iliac  spine  (spina  iliaca  anterio 
ferior).  From  this  the  rectus  femoris  muscle  arises,  whilst  the  stout  fibres  o. 
ilio-fe moral  ligament  of  the  hip-joint  are  attached  to  it  immediately  abovi 
acetabular  margin.  Posteriorly,  the  crest  terminates  in  the  posterior  superior 
spine  (spina  iliaca  posterior  superior).  Below  this,  the  posterior  border  of  the 
is  sharp  and  irregularly  notched  terminating  in  a  prominent  angle,  the  post 
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arior  iliac  spine  (spina  iliaca  posterior  inferior),  in  front  of  which  the  edge  of  tho 
le  Uec'iues  thick  and  rounded,  and  forms  a  wide  notch  whicli  «WH^eps  forwards 
i  downwanls  to  join  the  mass  of  bone  behind  the  acetabuhim,  wlicre  it  becomes 
ed  with  the  ischium;  this  is  called  the  ilio-sciatic  or  great  sciatic  notch  (incisura 
hiadie<i  major). 
The  ilium  hiis  two  surfaces,  an  inner  and  an  outer.     The  extermd  siir/iwe  is 


CrFJ»T  nv  THE   ILIT'M 


llnyDtAfltmufcL  umt 


.■SSTKBinR    IK>F.hIOR 


Antkkiok 
sLrKKnm  spink 


LINK 


„  AcETABn.lTM 

iLlO-PiCt^SKAL   KMISKM  K 


Sl'I'KRloR    ItXMlrt 

<iK    IM:h1S 

1*1  nil"   sriNK 

C-KKSr   n¥   I'UUls 

Body  of  pihis 


XhKHlAK   HjIlMUK    OF  PI'BIM 


RASICH  OF    ISCHMM 

Fiu.  103.- -The  Riuhf  Innominate  Bone  as  skkn  fuom  thk  Oitkr  Sidk. 


rj'ird  \uU*  two  x»arta,  viz.  a  lower  acet^ibular.  and  an  upper  ^duteal  ])art.  The 
f*j  forms  a  little  less  than  the  upjKir  two-fifths  of  the  acetabular  hollow,  and  is 
arat^  from  the  larger  gluteal  surface  above  by  the  u]>per  ]>roniinent  margin  of 
?  artir-ular  cavity.  The  gluteal  surface,  broad  and  exi)aiided,  is  enncuvo-convex 
Oi  fieliind  ffirward.  It  Is  traveled  by  three  rough  curved  lines,  well  seen  in 
•ugly  develojied  bones,  but  often  faint  and  indistinct  in  fet^l)ly  marked  speci- 
ns.  Of  the.se  the  inferior  curved  line  (linea  gluta.^a  inferior)  curves  bacikwards 
rii  a  ]x>int  immediately  above  the  anterior  inferior  spine  towards  the  il\o-mv\.Uc 
lob 
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Dotcli  posteriorly;  the  l)OTie  between  this  and  the  acetabular  uiargin  is  iiiai 
a  rougli  shallow  j^roovt',  from  whieh  the  relietjted  head  of  the  rectuB  fenioris 
arises.  The  middle  curved  line  (linea  ^liitiea  anteri<»r)  coniinences  at  the  ( 
the  ilium,  about  one  inch  and  a  half  behind  the  anterior  superior  iliac  sjii 
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sweeps  backwards  and  ilownwards  towards  the  upjM'r  and  posterior  i>art  of  t 
sciatic  uotcli.  The  surface  l>«^twei*n  this  line  and  the  jirecedinj^  furnishes  an 
sive  oritrin  for  the*  ;:;luteus  minimus  muscle.  Tlie  posterior  or  superior  cnn 
(linea  ^lutaM  posterior)  leaves  the  ilinc  crest  ;ibout  two  nnd  a  half  inches  i 
of  the  jiosterior  suintrior  iliac  spine,  and  bends  tlown wards  and  slightly  for\^ 
ii  direction  anterior  to  the  ]iosterit>r  infi*rior  sjtine.  Tlie  area  between  this  ( 
middle  curved  line  is  for  the  origin  of  the  gluteus  meilius  muside,  whilst  tin 
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niace  imiue<Liately  .above  and  }jehind  it  is  for  some  of  the  fibres  of  origin  of  the 
lateiLs  niaxiinns  muscle. 

The  innrr  surface  of  the  ilium  is  divided  into  two  areas  which  present  very 

ItttTaoteri^tic  dift'erences.     The  posterior  or  sacral  part,  which  is  rougli,  tlisplays  in 

S)nt  A  wmewhrtt  smooth,  auricular  surface  (faeies  auricularis)  which  is  cartilage- 

Dat<^  in  the  recent  condition,  and  articulates  with  the  sacrum.     Above  and  behind 

bis  there  is  un  elevated  irregular  area,  the  tuberosity  (tuberositas  iliaca),  which  is 

iBe  auil  there  deeply  pitted  for  the  attachment  of  the  strong  pasterior  saero-iliac 

igaineucs.     AlK)v"e  this  the  lx)ne  becomes  confluent  with  the  inner  lip  of  the  iliac 

Rst.  ami  here  it  aflbrds  an  origin  to  the  erector  spinas  and  multifidus  spinje 

nsclfs.     The  anterior  part  of  the  inner  lispect  of  the  bone  is  smooth  and  exten- 

l»t;  it  is  sulnlivided  by  an  oblique  ridge,  called  the  ilio- pectineal  line  (linea 

■cuata",  which  passes  forwards  and  downwards  from  the  most  promin(;nt  point  of 

le  auricular  surface  towards  the  inner  side  of  the  ilio-pectineal  eminence  which 

lplace<l  just  alx)ve  and  in  front  of  the  acetabulum,  and  marks  the  fusion  of  the 

bm  with  the  pubis.      Above  this  the  bone  forms  the  shallow  iliac  fossa  (fossa 

|Ka\  from  the  floor  of  which  the  iliacus  muscle  arises,  whilst  leading  from  the 

ft,  below  and   in  front,  there  is  a  shallow  furrow,  passing  over  the  sui)erior 

altular  mar^n,  between  the  anterior  inferior  iliac  spine  on  the  outer  side  and 

ilio-pectineal  eminence  internally,  for  the  lodgment  of  the  tendinous  and  fleshy 

irt  of  the  ilio-peoas  muscle.     If  held  up  to  the  light  tlie  floor  of  the  deepest  part 

the  iliac  fossci  will  be  seen  to  be  formed  of  Init  a  thin  layer  of  bone.     A  nutrient 

nmen  i>f  large  size  is  seen  piercing  the  bone  towards  the  hinder  part  of  the 

Below  and  behind  the  ilio-jHictineal  line  tlie  inner  surface  of  the  ilium 

^ms  a  small  p«.»rtion  of  the  wall  of  the  true  ])elvis ;  the  bone  here  is  smooth,  and 

5ileil  nrt'  i*osteriorly  into  the  ilio-sciatic  notch,  wliere  it  becomes  confluent  with 

inner  :ip»i>ect  of  the  ischium.     Just  anterior  to  the  ilio-sciatic  notch  there  are 

nally  ilie  oi»enings  of  one  or  two  large  vascular  foramina.     From  this  surface 

JBf  Hiuie  of  ilio  jK^sterior  fibres  of  the  obturator  intenius  muscle. 

Tiie  ischium  constitutes  the  lower  and  hinder  part  of  the  innominate  ]>one. 

ij«^riorly  its  body  (corpus)  fonns  somewhat  more  than  the  inferior  two-fifths  of 

I*  ac-eta'buhnn  together  with  the  l3one  supiK>rting  it  behind  and  within.     Below 

t,  tlie  superior  ramus  passes  downwards  and  backwards  as  a  stout  three-sided 

Kr  'if  lH»ue,  fn»m  the  inferior  extremity  of  which  a  compressed  bar  of  bone,  called 

le inferior  ramus,  ext<^nds  forwards  at  an  acute  angle.     This  latter  unites  in  front 

ki;i'>'\v  with  the  descending  ramus  of  the  ])ubis,  and  encloses  the  ai)erture  called 

h?-Wturjit4»r  forjunen. 

S:iI»TiorIy,  and  ^n\  the  outer  aspt^ct  of  the  isc^hinm,  the  acetabular  surface  is 
fparat*?*!  Irom  the  l)one  below  by  a  sliar])  and  prominent  margin,  which  is, 
wvvt.T.  di-ticifUt  in  front,  where  it  corresponds  to  the  cotyloid  notch  (incisura 
wai.uli  h-ading  into  the  articular  hollow;  the  floor  of  this  notch  is  entirely 
\  by  t!u'  ischium.  Below  the  prominent  acetabular  margin  there  is  a  well- 
kei  i,'rx»ve  in  which  the  tendon  of  the  obturator  externus  lies.  Beneatli  this 
lLriutero.i.-xti*rnal  .*5urfac(!  of  the  superior  and  inferior  rami  furnish  surfaces  for  the 
tta*  iiiiu-nts  of  the  obturator  ext«4'nus,  quadratus  femoris,  and  adductor  magnus 
•wl->.  The  pi»stvn)-external  surface  of  the  ischium  forms  tin*  cnnvex  surfact^  on 
tkfk'.k  of  the  iieetabulum.  The  inner  border  of  this  is  sharp  and  well  dt'fined, 
■di- ri-iifluent  alcove  with  the  border  of  the  ilium,  which  sweej>s  round  the  great 
tili"-s<iatie  notch.  Fn»m  this  lx)rder,  on  a  level  with  the  lowrr  yiK\\iy.  of  tlu^ 
■ftriiii'uiuni,  then*  springs  a  jMunted  process,  the  spine  rs])ina  is(rbiadica),  to  which  is 
to  i.eii  the  Kisser  sacro-sciatic  ligament  and  the  siiprrifu*  gemellus  muscle.  Inferior 
fr'^liL*.  the  ix»stero-external  surface  narrows  raj )idly,  its  inner  bonier  just  below  the 

[Jiie  Injiu;^  htillowvd  out  t<)  form  the  small  sciatic  notch  i  incisura  ischiadica  minor). 
fiel'Tiv«T  part  of  this  surface  antl  the  angle  fornu'd  by  the  two  rami  are  (•4q)ped  by 
•  irrv-;:ularly  n)ugh  pvriform  mass  Ciilled  \\w  tuberosity  (tulur  iscbiii.  This  is 
AViilr-l  i»v  an  oblique  ridge  into  two  areas,  tin*  npiM*r  and  out{;r  for  the  tendon  i^f 
^l^in  of  the  semimembranosus  musclt^  the  lower  and  inner  for  the  c(»njoine(l  heads 
f  the  bicej«  and  seniittmdinosus  muscles.  Its  jjrominent  inner  lii»  serves  for  the 
Ic^ujhment  of  the  great  sacro-sciatic  ligament,  whilst  its  outer  edge  l'uv\\\s\ve^  aw 
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noteli  posteriorly ;  tlie  bone  between  this  and  the  acetabular  margin  is  ma 
u  roujili  shallow  "roovo,  from  which  the  reflectCMi  head  of  the  rectus  ffinoris 
arises.  The  middle  curved  line  (linea  ^lutiea  anterior)  commences  at  the  < 
the  ilium,  al>out  one  inch  and  a  half  behind  the  anterior  superior  iliac  spi 
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sweeps  backwards  and  downwanls  towards  the  upjK'r  and  iK)sterior  ]iart  of  ' 
sciatic  notch.  The  surface  between  tliis  lint*  and  the  j)recedin<;  furnishers  ai 
sive  oriijin  for  tlie  gluteus  minimus  mus(^le.  The  posterior  or  superior  cur 
(linea  glutaea  posterior)  leaves  the  iliac  crest  about  two  nnd  a  half  inches 
of  the  posterior  sujierior  iliac  spine,  and  bends  downwards  antl  slij^htly  forv 
a  direction  anterior  to  the  posterior  inferior  sjiine.  The  area  between  this  ; 
middle  curved  line  is  for  the  origin  of  the  gluteus  medius  mustdo,  whilst  th 
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surface  immediately  above  and  behind  it  is  for  some  of  the  fibres  of  origin  of  the 
gluteus  niaximus  muscle. 

The  inner  surface  of  the  ilium  is  divided  into  two  areas  which  present  very 
characteristic  differencea  The  posterior  or  sacral  part,  which  is  rough,  displays  in 
thmt  a  somewhat  smootli,  auricular  surface  (facies  auricularis)  which  is  cartilage- 
Diated  in  the  recent  condition,  and  articulates  with  the  sacrum.  Above  and  tehind 
this  there  is  an  elevated  irregular  area,  the  tuberosity  (tuberositas  iliaca),  which  is 
here  and  there  deeply  pitted  for  tlie  attachment  of  the  strong  posterior  sacro-iliac 
ligaments.  Al)ove  this  the  bone  becomes  confluent  with  the  inner  lip  of  the  iliac 
crest,  and  here  it  affords  an  origin  to  the  erector  spinas  and  multifidus  spinse 
muscles.  The  anterior  part  of  the  inner  aspect  of  the  bone  is  smooth  and  exten- 
sive; it  is  subdivided  by  an  oblique  ridge,  called  the  ilio -pectineal  line  (linea 
arcuata),  which  passes  forwards  and  downwards  from  the  most  prominent  point  of 
the  auricular  surface  towards  the  inner  side  of  the  ilio-pectineal  eminence  which 
b  placeil  just  above  and  in  front  of  the  acetabulum,  and  marks  the  fusion  of  the 
ilium  with  the  pubis.  Above  this  the  bone  forms  the  shallow  iliac  fossa  (fossa 
iliaca),  from  the  floor  of  which  the  iliacus  muscle  arises,  whilst  leading  from  the 
fo6sa,  below  and  in  front,  there  is  a  shallow  furrow,  passing  over  the  superior 
loetabular  margin,  between  the  anterior  inferior  iliac  spine  on  the  outer  side  and 
(he  ilio-pectineal  eminence  internally,  for  the  lodgment  of  the  tendinous  and  fleshy 
fart  of  the  ilio-psoas  muscle.  If  held  up  to  the  light  tlie  floor  of  the  deepest  part 
of  the  iliac  fossa  will  be  seen  to  be  formed  of  but  a  thin  layer  of  bone.  A  nutrient 
foramen  of  large  size  is  seen  piercing  the  bone  towards  the  hinder  part  of  the 
fossa.  Below  and  behind  the  ilio-pectineal  line  the  inner  surface  of  the  ilium 
forms  a  small  portion  of  the  wall  of  the  true  j>el\is ;  the  bone  here  is  smooth,  and 
iouude<l  off  posteriorly  into  the  ilio-sciatic  notch,  wliere  it  becomes  confluent  with 
the  iuner  aspect  of  the  ischium.  Just  anterior  to  the  ilio-sciatic  notch  there  are 
nsually  the  openings  of  one  or  two  large  vascular  foramina.  From  tliis  surface 
arise  some  of  the  posterior  fibres  of  the  obturator  internus  muscle. 

The  ischium  constitutes  the  low^er  and  hinder  part  of  the  innominate  bone. 
Sujitriorly  its  body  (corpus)  forms  somewhat  more  than  the  inferior  two-fifths  of 
the  acetabulum  together  with  the  bone  supporting  it  behind  and  within.  Below 
thi^  the  superior  ramus  ])asaes  downwards  and  backwards  as  a  stout  three-sided 
piece  <if  Unie,  from  tlie  inferior  extremity  of  which  a  compressed  bar  of  bone,  called 
the  inferior  ramus,  extends  forwards  at  an  acute  angle.  This  latter  unites  in  front 
dn«l  al)<»ve  with  the  descending  ramus  of  the  ])ubis,  and  encloses  the  ajx^rture  called 
ihe  obturator  foramen. 

Sujjeriorly,  and  on  the  outer  aspect  of  the  ischium,  the  acetabular  surface  is 
5e[«arated  from  the  bone  below  by  a  sharp  and  prominent  margin,  which  is, 
h'»\vever,  di*ficient  in  front,  where  it  corresponds  to  the  cotyloid  notch  (incisura 
ittabuli)  leading  into  the  articular  hollow ;  the  floor  of  this  notch  is  entirely 
fonut'd  by  the  ischium.  Below  the  prominent  acetabular  margin  there  is  a  well- 
ruarked  groc^ve  in  which  the  tendon  of  the  obturator  externus  lies.  Beneath  this 
the  autero-exlernal  surface  of  the  superior  and  inferior  rami  furnish  surfaces  for  the 
attachments  of  the  obturator  ext(;rnus,  quadratus  femoris,  and  adductor  niagnus 
niijscles.  The  jMistero-external  surface  of  the  ischium  forms  the  convex  surface  on 
the  Uuk  of  the  acetabulum.  Tlie  inner  liorder  of  this  is  sharp  and  well  dt»fined, 
iiid  is  confluent  above  with  tlie  border  of  the  ilium,  which  sweeps  round  the  great 
T  ilio-sciatic  not<:h.  From  this  border,  on  a  level  with  the  lowtT  edge  of  the 
icetabuluni,  there  springs  a  pointed  process,  the  spine  (spina  ischiadica),  to  which  is 
ttached  the  hisser  siicro-sciatic  ligament  and  the  superior  gemellus  muscle.  Inferior 
"  this,  the  postero-external  surface  narrows  rapidly,  its  inner  border  just  bdow^  the 
(»ine  l>eiug  hollowed  out  to  form  the  small  sciatic  notch  fincisura  ischiadica  minor), 
he  lower  part  of  this  surface  antl  the  angle  formed  l»y  the  two  rami  are  capjjed  by 
ri  irregularly  rough  pyriform  mass  called  tlu*  tuberosity  (tuber  ischii).  This  is 
ivided  by  an  oblique  ridge  into  two  areas,  the  upi)er  and  outer  for  the  tendon  of 
ri'fim  of  the  semimembranosus  muscle,  the  lower  and  inntT  for  the  conjoined  heads 
'  the  biceps  and  simiitc^idinosus  muscles,  its  prominent  inner  lip  serves  tv\t  Uw 
itachment  of  the  great  8acrO'S(,'iHiic  liguinent,  whilst  its  outer  ed^^e  V\\T\\\v\\e'ts  v\\\ 
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origin  for  the  quadratus  feinoris  muscle;  in  front  and  below,  the  adductor  magim] 
muscle  is  attached  to  it. 

The  inner  surface  of  the  body  and  superior  ramus  of  the  ischium  form  in  pntl 
the  wall  of  the  true  pelvis.     Smooth  and  slightly  concave  from  before  backwaidu 
and  nearly  plane  from  above  downwards,  it  is  widest  opposite  the  level  of  the  i»  "  " 
spine.     Below  this,  its  posterior  edge  is  rounded  and  forms  a  groove  leading  to  I 
small  sciatic  notch,  along  and  over  which  the  tendon  of  the  obturator  int 
passes.     To  part  of  this  surface  the  fibres  of  the  obturator  intemus  are  attach 
whilst  the  inner  aspect  of  the  spine  supplies  points  of  origin  for  the  coccygeus  i 
levator  ani  muscles,  as  well  as  furnishing  an  attachment  to  the  "  white  line  "  of  I 
pelvic  fascia.     The  inner  surface  of  the  inferior  ramus  of  the  ischium  is  smoo^l 
and  so  rounded  that  its  inferior  edge  tends  to  be  everted.     To  this,  as  well  as  toi 
margin,  is  attached  the  crus  penis,  together  with  the  ischio-cavernosus,  obturatei 
intemus,  transversus  perinei,  and  compressor  urethrsB  muscles.     In  the  femsleyrj 
structures  in  correspondence  with  these  are  also  found. 

The  fore-part  of  the  innominate  ]x)ne  is  formed  by  the  pubis ;  it  is  by  means  flC| 
the  union  of  this  bone  with  its  fellow  of  the  opposite  side  that  the  pelvic  giidk  iir^ 
completed  in  front. 

The  pubis  (os  pubis)  consists  of  two  rami — a  superior,  ascending,  or  ho 
(ramus  superior  ossis  pubis),  and  an  inferior  or  descending  (ramus  inferior  ossis  pubii)u?jc 
The  broad  part  of  the  bone  formed  by  the  fusion  of  these  two  rami  is  the  body. 

The  body  is  sometimes  described  as  that  part  of  the  bone  which  enters  into  \kml\ 
formation  of  the  acetabulum,  but  the  Eughsh  nomenclature  has  here  been  followed.  ] 

The  body  of  the  pubis  has  two  surfaces.     Of  these  the  inn^  or  posterior 
smooth,  and  forms  the  fore-part  of  the  wall  of  the  true  pelvis ;  hereto  are  ati 
the  levator  ani  muscle  and   puboprostatic  ligaments.     The  anterior  or  exUmtlk. 
surface  is  rougher,  and  furnishes  origins  for  the  gracilis,  adductor  longus,  adductor'] 
brevis,  and  some  of  the  fibres  of  the  obturator  extemus  muscles.     The  inner  horitt- 
is   provided   with    an   elongated    oval    cartilage -covered    surface    by   means  of  . 
which   it  is   united   to  its   fellow  of  the  opposite  side,  the  joint  being  called  J 
the  symphysis  pubis.     The  upper  border,  thick  and  rounded,  projects  somewhat,  stf  ' 
as  to  overhang  the  anterior  surface.     It  is  called  the  crest.     Internally  this  forms  - 
with  the  inner  border  or  symphysis  the  angle,  whilst  externally  it  terminates  in  a  j 
pointed  process,  the  spine  (tuberculum  pubicum).     From  the  crest  arise  the  rectus  | 
abdominis  and  pyramidalis  muscles,  and  to  the  spine  is  attached  the  inner  end  of  \ 
Poupart's  ligament.     Passing  upwards  and  outwards  from  the  outer  side  of  the  ] 
body  towards  the  acetabulum,  of  which  it  forms  about  the  anterior  fifth,  is  the  I 
superior  ramus  (ramus  superior).     This  has  three  surfaces  :  an  antero-superior,  an 
antero- inferior,  and  an   internal   or   posterior.     The    antero-superior  surface  is 
triangular  in  form.     Its  apex  corresponds  to  the  pubic  spine ;  its  anterior  inferior 
border  to  the  obturator  crest  (crista  obturatoria),  leading  from  the  spine  to  the 
upper  border  of  the  cotyloid  notch  ;  whilst  its  sharp  postero-superior  border  trends 
upwards  and  outwards  from  the  spine,  and  is  continuous  with  the  iliac  portion  of 
the  ilio-pectineal  line  just  internal  to  the  ilio-pectineal  eminence,  forming  as  it 
passes  along  the  superior  ramus  the  pubic  portion  of  that  same  line  (pecten  ossis 
pubis).     On  this  line,  just  within  the  ilio-pectineal  eminence,  there  is  often  a  shorty 
sharp  crest  which  marks  the  insertion  of  the  psoas  parvus.      The  base  of  the 
triangle  corresponds  to  the  ilio-pectineal  eminence  above  and  the  upper  margin  of 
the  cotyloid  notch  below.     Slightly  hollow  from  side  to  side,  and  convex  from 
before  backwards,  this  surface  provides  an  origin  for,  and  is  in  part  overlain  by,  the 
pectineus  muscle.     The  internal  or  posterior  surface  of  the  superior  ramus  is  smooth, 
concave  from  side  to  side,  and  slightly  rounded  from  above  downwards ;   by  its 
sharp  inferior  curved  border  it  completes  the  thyroid  foramen,  as  seen  from  behind 
The  antero-inferior  surface  forms  the  roof  of  tlie  broad  obturator  groove  (sulcos 
obturatorius)  which  passes  obliquely  downwards  and  forwards  between  the  lower 
margin  of  the  antero-superior  surface  in  front  and  the  inferior  sharp  border  of  the 
internal  surface  behind.     The  inferior  or  descending  ramus  of  the  pubis  (ramus 
inferior)  passes  downwards    and   outwards   from   the   lower  part  of  the   body. 
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Flattened  and  compressed,  it  unites  with  the  inferior  ramus  of  the  ischium,  and 
thus  encloses  the  thyroid  foramen,  whilst  in  correspondence  with  its  fellow  of 
the  opposite  side  it  completes  the  formation  of  the  pubic  ai-ch.  Anteriorly  it 
furnishes  origins  for  the  gracilis,  adductor  brevis,  and  adductor  magnus  muscles, 
as  well  as  some  of  the  fibres  of  the  obturator  externus  muscle.  Its  inner  surface 
is  smooth,  whilst  its  lower  border,  rounded  or  more  or  less  everted,  has  attached  to 
it  the  fore-part  of  the  cms  penis  and  the  subpubic  ligament. 

The  acetabalam  or  cotyloid  cavity  is  the  nearly  circular  hollow  in  which  the 
Ifiad  of  the  thigh  bone  fits.  As  has  b^n  already  stated,  it  is  formed  by  the  fusion 
of  the  ilium  and  ischium  and  pubis  in  the  following  proportions :  the  ilium  a  little 
kss  than  two-fifths,  the  ischium  somewhat  more  than  two-fifths,  the  pubis  con- 
Btituting  the  remaining  one-fifth.  It  is  so  placed  as  to  be  directed  downwards, 
OQtwards,  and  forwards,  and  is  surrounded  by  a  prominent  margin,  to  which  the 
capsule  and  cotyloid  ligament  of  the  hip -joint  are  attached.  Opposite  the 
obturator  foramen  this  margin  is  interrupted  by  the  cotyloid  notch  (incisura 
•oetabuli);  immediately  external  to  the  ilio- pectineal  eminence  the  margin  is 
dightly  hollowed,  whilst  occasionally  there  is  a  I'eeble  notching  of  the  border 
ibove  and  behind.  These  irregularities  in  the  outline  of  the  margin  correspond  to 
the  hnes  of  fusion  of  the  ilium  and  pubis,  and  the  ilium  and  ischium  respectively. 
The  floor  of  the  acetabulum  is  furnished  with  a  horseshoe-shaped  articular  surface, 
which  lines  the  circumference  of  the  hollow,  except  in  front,  where  it  is  interrupted 
k  the  cotyloid  notch.  It  is  broad  above ;  narrower  in  front  and  below.  Within 
this  articular  surface  there  is  a  more  or  less  circular  rough  area  (fossa  acetabuli) 
continuous  in  front  and  below  with  the  floor  of  the  cotyloid  notch.  This,  some- 
what depressed  below  the  surface  of  the  articular  area,  lodges  a  quantity  of  fat, 
ud  provides  accommodation  for  the  interarticular  ligament  of  the  joint.  As  may 
lie  seen  by  holding  the  bone  up  to  the  light,  the  floor  of  tljis  part  of  the  acetabulum 
is  not  usually  of  great  thickness.  The  major  part  of  the  non-articular  area  is 
famed  by  the  ischium,  which  also  forms  the  floor  of  the  cotyloid  notch. 

The  thyroid  or  obturator  forajnen  (foramen   obturatum)  lies  in  front  of, 

below,  and  internal  to  the  acetabulum.     The  margins  of  this  opening,  which  are 

fiimied  in  front  and  above  by  the  pubis,  and  behind  and  below  by  the  ischium,  are 

riiarp  and  thin,  except  above,  where  the  under  surface  of*  the  superior  ramus  of  the 

pabid  is  chanm»lled  by  the  obturator  groove,     lielow,  and  on  either  side  of  this 

groove,  two  tubercles  can  usually  be  seen.     The  one,  situated  on  the  edge  of  the 

ischium,  just  in  front  of  the  cotyloid  notch,  is  named  the  posterior  obturator 

taberde   (tuberculum   obturatorium   posterius);   the  other,  placed   on  the  lower 

border  of  the  inner  surface  of  the  superior  ramus  of  the  pubis,  is  called  the 

anterior  obturator  tubercle  (tuberculum   obturatorium  anterius).      Between  these 

two  tubercles  there  passes  a  ligamentous  band,  which  converts  the  groove  into  a 

canal  along  which  the  obturator  vessels  and  nerve  pass.     Elsewhere  in  the  fresh 

condition  the  obturator  or  thyroid  membrane  stretches  across  the  opening  from 

margin  to  margin.     The  form  of  the  foramen  varies  much,  being  oval  in  some 

specimens,  in  others  more  nearly  triangular ;  its  relative  width  in  the  feiuale  is 

graiiteT  than  the  male. 

Nutrient  foramina  for  the  ilium  an.*  seen  on  the  floor  of  the  iliac  fossa,  just  in  front  of  the 
jAcro-auricular  surface* ;  on  the  pelvic  aspect  of  the  bone,  close  to  the  great  sciatic  notch  ;  and  on 
tlir  gluteal  surface  externally,  near  the  centre  of  tlie  middle  curved  line.  For  the  ischium,  on  its 
p^'lvic  surface,  and  also  externally  on  the  groove  })elow  the  acetabulum.  For  the  pul)is,  on  the 
furface  of  the  bo^ly,  and  deeply  also  from  the  acetabular  fossa. 

Ck>nnezion& — The  innominate  Ixjne  articulates  with  the  sacrum  behind,  with  the  femur  to 
the  ouU'T  side  and  below,  and  with  its  fellow  of  the  opposite  side  internally  an<l  in  front.  Each 
'f{  it«  three  parts  comes  into  direct  relation  with  the  surface.  Above,  tlie  iliac  crest  assists  in 
forming  the  iliac  furrow,  which  serves  to  separate  the  region  of  the  flank  from  that  of  the 
buttock.  In  front,  the  anterior  superior  iliac  sj>ine  forms  a  definite  landmark  ;  whilst  behind, 
:he  jKwterior  sujKirior  iliac  spines  will  Vkj  found  to  correspon<l  with  dimples  situated  on 
<:ither  side  of  the  middle  line  of  the  root  of  the  l^ack.  The  svmphysis,  the  crest,  and  spine  of  the 
pubi.<j  can  all  Ik?  distinguished  in  front,  though  overlain  \)y  a  considerable  quantity  of  fat, 
whilst  the  position  of  the  tuberosities  of  t]n'.  is(;hia,  when  uncovered  ))y  the  great  gluteal 
muscles  in  the  flexed  position  of  the  thigh,  can  readily  be  ascertained  In  the  perineal  regloiv 
the  outline  of  the  pubic  and  ischial  rami  can  easily  he  det^irmmed  by  digital  cxammation. 
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Architectura-As  a  Hat  Iwne  the  oa  iniiominatiiiu  consists  of  spongy  tissue  l>etwetn  two 
conqjact  t^xterual  luyei-s.  These  latter  vary  much  in  thickness,  being  exceptionally  stout  along 
tlie  ilio-jK'ctinal  line  and  the  floor  of  the  iliac  fossii  immediately  alK)ve  it.  The  gluteal  aspect 
of  the  ilium  is  al^o  formed  liy  a  layer  of  considerable  thicknes.^.  Th«  sinrngy  tissue  is  loose  and 
cellular  in  the  thirk  part  of  the  ilium  and  in  the  body  of  the  ischium  ;  al^scnt  where  the  floor  of 
the  iliac  fossa  is  f(>rme<l  by  the  coalescence  of  the  thin  dense  confining  layers;  fine  grained  and 
more  comijact  in  the  tulxa-osity  of  the  isi'hium,  the  iliac  crest,  and  the  fl<H»r  of  the  acetabulum, 
in  wliich  latter  situation  it  is  striated  by  fibres  which  are  directed  iwlially  to  the  surface  of  that 
hollow,  these  again  being  crassed  at  right  angles  by  others  which  are  arranged  circumferentiallj. 
This  sjjongy  tissue  forms  a  more  comjwct  layer  over  the  surface  of  the  up})er  and  l)ack  ixirlionof 
the  acetabular  articular  area.  The  l)ottom  of  the  floor  of  the  acetabulum  varies  in  thickni*ss;  ia 
most  cases  it  is  thin,  and  in  exce]>tional  instances  the  bone  is  here  deficient  The  same  condition 
has  lH*en  met  with  in  the  iliac  fossa,  when;  al»sori)tion  of  the  thin  Ixniy  plate  has  taken  place. 

Variations  —Some  of  the  anomalies  met  witn  in  the  haunch  Ume  are  due  to  ossification  of 
the  ligaments  connect  e<l  with  it ;  in  other  cases  they  depend  on  errors  of  development  Failure  of 
union  bt^tween  the  i>ubic  and  ischial  rami  has  also  l)een  recorded.  Ca.ses  have  occurred  where  the 
obtumtor  groove  has  lieen  bridged  across  by  bone,  and  one  case  is  noted  of  absence  of  the  cotyloki 
notch  on  the  acetabular  margin.  In  rare  cases  the  os  acetabuli  (see  Ossification)  remains  as  a 
sejjarate  lx>ne. 

Ossification  commences  in  the  ilium  about  the  ninth  week  of  intrauterine  life; 
about  the  fourth  month  a  centre  appears  below  the  acetabulum  for  the  ischium,  the  pubis 

being  develojx?d   from  a 
^  ^-^_-— __       .^i;j^!'7.';!r"oi^.         ^'entre  which  appears  in 

Appears  about  .jrf^^^^^S^tes.  .^""^  ■  '^"'*^^ --'^-^  e        «.      r    i.i  tu    i 

lau-r  en.i  of 2ud  J^^  ^*!«L>e»r!»  frout  of  the  accttibulum 

iiLoffa^uUife  ^^-  '^^  about  the  fifth  or  sixth 

month.      At    birth    the 
form  of  the  ilium  is  well 
defined ;    the    body  and 
part  of  the  tuberosity  of 
the  isciiium  arc  ossified, 
as  well  as  the  horizontal 
ramusand  partof  the  bod  JT 
of  the  pubis.     All  thre« 
parts  enter  into  the  forma- 
tion of  the  sides  of  tb^ 
acetabulum,  and  by  tb^ 
third  year  have  convergecl 
to  form  the  bottom  of  th&t> 
hollow,    being    separated 
from  each  other  by  a  tri- 
radiate  piece  of  cartilage, 
i  n  which,  about  thetwelftb 
year,  independent  ossific; 
centres    make    their    ap- 
pearance, which   may  or 
.  may   not    become    fused 

with  the  adjacent  bones.  In  the  latter  case  they  unite  to  form  an  indei>endent  ossicle,  the 
OS  acetabuli,  whicli  subsequently  fuses  with  and  forms  the  acetabular  part  of  the  pubis. 
By  the  age  of  sixteen  the  ossification  of  the  acetabulum  is  usually  completed,  whilst 
the  rami  of  the  ischium  and  pubis  commonly  unite  about  the  tenth  year.  Secondary 
centres,  six  in  number,  make  their  appearance  al)out  the  age  of  puberty,  and  are  found  in 
the  following  situations  :  one  for  the  anterior  inferior  iliac  spine,  one  for  the  iliac  crest  and 
the  anterior  and  posterior  superior  iliiic  spines,  a  scale-like  epiphysis  over  the  tuberosity  of 
the  ischium,  a  sepjiratc  epiphysis  for  the  spine  of  the  ischium,  (?)  a  point  for  the  spine 
and  another  for  the  angle  of  the  pubis.  Fusion  between  these  and  the  primary  centres 
is  usually  complete  between  the  twenty-second  and  twenty-fifth  years. 

Parsons  {Journ,  Awit,  ami  Physkd.,  vol.  xxxvii.  p.  315)  regards  the  ischial  epijihysis  as 
the  homologue  of  tlie  hypo-ischium  in  reptiles,  and  suggests  that  the  epiphysis  over  the 
angle  of  the  pubis  may  represent  the  epipubic  bone  of  marsupials. 


A|>iH*ani  about 
4th  III.  of  ft^tal 
Ufe 


Api>earN  «thiuT.  15 
At  Birth. 


Utttu  Abomt  10  yean 


Fio.  165. 


Ahout  12  or  13  years. 

OaSIFICATlON   OF  THE    INNOMINATE   BONE. 


The  Pelvis. 

The  pelvis  is  formed  by  the  union  of  the  innominate  bones  ^vith  each  other  in 
front,  and  with   the  sacrum   behind      In  man   the   dwarfed  caudal   vertebrse 
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(coccygeal)  are  curved  forwards  and  so  encroach  upon  the  limits  of  the  pelvic 
canty  inferiorly.  The  pelvis  is  divided  into  two  parts  by  the  ilio-pectineal  lines, 
which  curve  forwards  from  the  upper  part  of  the  lateral  masses  of  the  sacrum 
behind,  to  the  roots  of  the  spines  of  the  pubas  in  front.  The  part  above  is  called 
the  &1M  pelTis  (pelvis  major),  and  serves  by  the  expanded  iliac  fossae  to  support  the 


Fio.  166. — Male  Pelvis  as  seen  from  the  Front. 

abdominal  contents;  the  part  below,  the  true  pelvis  (pelvis  minor)  contains  the 
pelvic  viscera,  and  in  the  female  forms  the  bony  canal  through  which,  at  full  term, 
the  foetus  is  expelled. 

The  true  pelvis  is  bounded  in  front  by  the  symphysis  pubis  in  the  middle  line, 
and  by  the  body  and  rami  of  the  pubis  on  either  side,  laterally  by  the  smooth  inner 
surfaces  of  the  ischia  and  ischial  rami,  to^^ether  with  a  small  part  of  the  ilium 


Fig.  167. — Female  Pelvis  as  seen  from  the  Front. 


lielow  the  iliac  portion  of  the  ilio-pectineal  line.  S])ringing  from  the  ])osterior 
margin  of  the  ischium  are  the  in  turned  ischial  spinen.  Behind,  the  broad  curved 
anterior  surface  of  the  sacrum,  and  below  it,  the  small  and  irregular  coccyx,  form 
its  posterior  wall.  Between  the  sides  of  the  sacrum  k^hind,  and  the  iscMwiw  aw^L 
ilium  in  front  and  above^  there  is  a  wide  interval,  CiiUed  the  sacio-aciaitve  uoV^, 
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which  is,  however,  bridged  across  in  the  recent  condition  by  the  great  and  small 
sacro-sciatic  ligaments,  which  thus  convert  it  into  two  foramina,  the  larger  above 
the  spine  of  the  ischium — the  gre^t  sacru-seiatic  foramen,  the  lower  and  smaller 
below  tlie  spine,  called  the  small  sacro-sciatic  foramen. 

The  inlet  (aj)ertura  i>elvis  superior)  of  the  pelvis  is  bounded  in  front  by  the 
symphysis  pubis,  with  the  body  of  the  pubis  cm  either  side ;  laterally  by  the  ilio- 
pectineal  lines ;  and  tehind  by  the  sjicral  prominence.  The  circumference  of  this 
a|)erture  is  often  called  the  brim  of  the  pelvis ;  in  the  male  its  shape  is  cordate,  in 
the  female  more  oval.  The  antero-posterlor  or  conjugate  diameter  is  measured  from 
the  sacro- vertebral  angle  to  the  symphysis  pubis;  the  oblique  diameter  from  the 
sacro-iliac  joint  of  one  side  to  the  ilio-jKJCtineal  eminence  of  the  other;  whilst  the 
transverse  diameter  is  taken  across  the  point  of  greatest  width. 

The  outlet  (ai)ertura  pelvis  inferior)  is  bounded  ant.eri(irly  by  the  pubic  axek 
(arcus  pubis),  formed  in  front  and  above  by  the  bodies  of  the  pubis,  with  the 
symphysis  between  them,  and  the  inferior  pubic  rami  l)elow  and  on  either  side 
These  latter  are  continuous  with  the  ischial  rauu  which  pass  backwards  and 
outwards  to  the  ischial  tuberosities,  which  are  placed  on  either  side  of  this  aperture. 
In  the  middle  line  and  behind,  the  tip  of  the  coccyx  projects  forward,  and  in  the 
recent  condition  the  interval  between  this  and  the  ischial  tuberosities  is  bridged 
across  by  the  great  sacro-sciatic  ligament,  the  inferior  edge  of  which  necessarily 
assists  in  determining  the  shape  of  the  outlet. 

As  the  anterior  wall  of  the  cavity,  formed  by  the  symphysis  pubis,  measures  ■ 
from  lA  to  2  inches,  whilst  the  posterior  wall,  made  up  of  the  siicrum  and  coccyx,  ii 
from  5  to  6  inches  in  length,  it  follows  that  the  planes  of  the  inlet  and  outlet  are 
not  i)arallel,  but  placed  at  an  angle  to  each  other.  The  term  axis  of  the  pelvlB  is 
given  to  lines  drawn  at  right  angles  to  the  centre  of  these  planes.  Thus,  with  the 
pelvis  in  its  true  position,  whi^i  the  figure  is  erect,  the  axis  of  thc^  inlet  corresponds 
to  a  line  drawn  downwards  and  backwards  from  the  uml)ilicus  towards  the  tip  of 
the  coccyx  below,  whilst  the  axis  of  the  outlet  is  directed  downwards  and  slightly 
backwards,  or  downwards  and  a  little  forwards,  varying  according  to  the  length  of- 
the  coccyx,  lietween  these  tw^o  planes  the  axis  of  the  wivity,  as  it  passes  through 
planes  of  varying  degrees  of  obliquity,  descrilies  a  curve  re^xjating  pretty  closely  the 
curve  of  the  sacrum  and  coccyx. 

Position  of  the  Pelvis — The  position  of  the  pelvis  in  the  living  when  the  figure  ia 
erect  may  be  approximately  represented  by  plucing  it  so  that  the  anterior  superior  iliac 
spines  and  the  symphysis  pubis  lie  in  the  siune  vertical  plane.  Under  these  conditiona 
tlic  plane  of  the  inlet  is  oblique,  and  forms  with  a  horizontlil  line  an  angle  of  from  oO""  to 
60'.  The  position  of  the  pelvis  depends  upon  the  length  of  the  ilio-femoral  ligaments  of 
the  hip-joint,  being  more  oblique  when  these  are  short,  as  usually  happens  in  women  in 
whom  the  anterior  superior  iliac  spines  tend  to  lie  in  a  plane  slightly  in  advance  of  that 
occupied  by  the  symphysis  pubis.  In  cjiscs  where  the  ilio-femoral  lipiment  is  lo!ig,  a 
greater  amoimt  of  extension  of  the  hip-joint  is  permitted,  and  this  leads  to  a  lessening  of 
the  obliquity  of  the  pelvis.  This  condition,  which  is  more  typical  of  men,  results  in  the 
anterior  superior  iliac  spines  lyinjr  in  a  plane  slightly  posterior  to  the  plane  of  the  sym- 
piiysis,  whilst  the  angle  formed  by  the  plane  of  the  inlet  and  the  horizontid  is  thereby 
reduced.  Hearing  in  mind  the  oblique  position  of  the  pelvis,  it  will  now  be  seen  that  the 
front  of  the  sacrum  is  directed  downwards  more  than  forwards,  and  that  the  sacral  pro- 
mo!itory  is  raised  as  nuich  as  from  3J  to  4  inches  above  the  upper  border  of  the  symphysis 
pubis,  lying  higher  than  the  level  of  a  line  connecting  the  two  anterior  suj)erior  iliac  spines. 
From  the  manner  in  which  the  sjicrum  articulates  with  the  ilia,  it  will  be  notict»d  that  the 
weight  of  the  trunk  is  transmitted  downwards  throuj^h  the  thickest  and  strongest  ptirt  of 
the  bone  (see  Architecture)  to  the  uj»per  part  of  the  acetabula,  where  these  rest  on  the 
heads  of  the  femora. 

Sexual  Differences-  —The  female  pelvis  is  li;;hter  in  its  construction  than  that  of 
the  male ;  its  surfaces  are  smr^other,  and  the  indications  of  muscular  attachments  lew 
marked.  Its  hcijrht  is  less  and  the  splay  of  its  walls  not  so  pronounced  as  in  the  male, 
so  that  the  female  pelvis  has  been  well  describe<l  as  a  short  segment  of  a  long  cone  afl 
contnistefl  with  the  male  pelvis,  which  is  a  long  segment  of  a  short  cone.  The  c*ivity  ol 
the  true  pelvis  in  the  female  is  more  roomy,  and  the  ischial  spines  not  so  nmch  iii^urued. 
The  j>ubic  arch  is  wide  aud  founde<l,  and  will  usually  lulmit  a  right-angled-set  square 


THE  PELVIS.  223 

li  iK-ithin,  so  that  the  summit  touches  the  uuder  surface  of  the  symphysis  pubis, 
ides  lie  in  contact  with  the  ischial  rami.  In  the  male  the  arch  is  narrow  and 
miug  an  angle  of  from  65"  to  70\  The  sacro-sciatic  notch  in  the  female  is 
lallow.  The  distance  from  the  posterior  edge  of  the  l)ody  of  the  ischium  to  the 
Tenor  iliac  spine  is  longer,  measuring  on  an  average  50  mm.  (2  inches)  in  the 
ontrasted  with  40  mm.  (1§  inches)  in  the  male. 

't  in  the Jen^alds  Jarge  and  oval  or  rgniform,  as  compared  with  the  cribbed  and 
T  aperture  JQ  ,the-Jiiale.     The  sacro- vertebral  angle  is  more  pronounced  in  the 

the  obliquity  of  the  inlet  greater.  The  sacrum  is  shorter  and  wider.  The 
perior  iliac  spines  lie  wider  apart;  the  pubic  crests  are  longer;  and  the  pubic 
iparated  by  a  greater  interval  than  in  man.  The  outlet  is  larger ;  the  tubero- 
ischia  are  farther  apart ;  and  the  coccyx  does  not  project^orward  so  much, 
f  the  sacrum  is  liable  to  very  great  individual  variation.  As  a  rule  the  curve 
orm  in  the  male,  whilst  in  the  female  it  tends  to  be  flatter  above  and  more 

below.  There  is  a  greater  proportionate  width  between  the  acetabular 
he  female  than  in  the  male.  Of  much  importance  from  the  standpoint  of  the 
are  the  various  diameters  of  the  true  pelvis.  In  regaixi  to  this  it  is  worthy 
the  plane  of  "  greatest  pelvic  expansion  "  extends  from  the  union  between  the 
third  sacral  vertebrje  behind,  to  the  middle  of  the  symphysis  pubis  in  front, 
•oundaries  on  either  side  corresponding  with  the  mid-point  of  the  inner  surface 
bulum  ;  whilst  the  plane  of  "least  pelvic  diameter"  lies  somewhat  lower,  and 
y  lines  passing  through  the  sacro-coccygeal  articulation,  the  ischial  spines, 
er  third  of  the  symphysis  j)ubi8  (Norris).  Subjoined  is  a  table  showing  the 
erage  measurements  in  the  two  sexes : — 


Males.  I  Females. 


listance  K'tween  tlie  iliac  crests         .  '  11 J  in.,  or  282  mm.  lOj  in.,  or  273  mm. 

etween    the   anterior   superior   iliac     9^  in.,  or  240  mm.  9^  in.,  or  250  mm. 

t*twtM*Ti   the   last  lumbar  spine  and  ,  7  iiL,  or  176  nmi.  7i  in.,  or  180  mm. 
t  of  the  synipliysirt  jmbis 


Tkue  Pelvis. 


Males.  Females. 

I  ^1 

j  (.'avily. 

Inlet.       I      Outlet.  Inlet.        '  * -_     _  _     j       Outlet. 

,  (Jreate.st.  Least. 


crior  (conju-    4    in.,  or  i  .3J    in.,  or    4^   in.,   or  •  5    in.,     or   4g    in.,  or  I  4i  in.,  or  j 
"  -  ^^^  '     ""  -  ^^'^ '     127  mm.       110  mm.,     115  mm. ' 


netor  101  mm.  |     95  mm.         110  mm 

nu'ter  .         .    4j    iiL,  or   .3^    iiL,   (»r   5     in.,    or 
120  nnn.       88  nun.         125  mm. 


!  4i   in.,  or 
I     115  mnL 


diameter      .    5    in.,    or   3^   in.,  or   5|    hl,  or ;  4^  in.,  or    4§    in.,  or  ■  4g   in.,   or 
127  mnL       88  mnL         135  mm.  I     125  nnn.       110  nnn.  '     110  nun. 

of  the  Pelvis.-  From  \hv  close  assfM-iation  of  the  jM^vic  ^nnlk'  with  the  lowt'r  limb 
itri  gn.m'th  take.s  j)Iacc  cnnourrrntly  with  the  development  of  that  member.  At 
.'t^r  limits  measure  but  a  fourtli  (»f  the  entin*  body  length  ;  consecjuently  at  that  time 
>>  comjKired  with  the  ln-ad  and  trunk,  is  ndatively  small.  At  thLs  jH'riod  of  life  the 
»th  sexe,**  is  in  greater  part  an  alxlominal  organ,  whilst  in  the  female  the  uterus  has 
into  the  true  iMdvic  cavity,  an<l  tlie  ovaries  and  Fallopian  tulies  re>*t  in  the  iliac 
Siuro- vertebral  angle,  though  n-adily  recognised,  is  as  yet  but  faintly  marked, 
ilh  the  n-niarkable  growth  (d'  tin'  lower  limbs  and  the  assumplitm  of  the  erect 
n  the  child  begiiLs  to  walk,  striking  changes  take  jdace  in  tlie  form  and  size  of  the 
•te  con.sipt  in  a  greatt^r  expansion  of  the  iliac  Iwnies  necessarily  associated  with  the 
L*.  nuL^ch'S  which  contnd  the  movements  of  the  hi]>,  together  with  a  marker]  increase 
/ertebral  angle  due  to  the  devel(»]»inent  of  a  furwanl  lumhar  curve  ;  at  the  same  time, 
f  the  trunk  U-ing  thrown  on  the  >a(M'uni  causes  the  (dements  of  that  hone  to  sink  to 
Ix-'lween  the  innominate  hone^.  The  cavity  of  the  true  ])elvis  increa.se8  in  size 
y,  and  the  viscera  afore-iiientione<l  now  begin  to  sink  down  and  have  a.st5U\uevl  a^i 
lin  the  pelvis  by  the  i)}))}  or  sixth   year.      The  extension  of  the  U\\g\\ft  \\\  \.\\fc 
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upriglit  position  necessarily  brings  about  a  more  pronounced  pelvic  obliquity,  whilst  the  st4 
and  thictness  of  the  ilium  over  tne  upper  part  of  the  acetabulum  is  much  increased  to  wit 

the  pressure  to  which  it  is  obviously  sul 
Coincident  with  this  is  the  gradual  develo 
of  \]\i'  iliac  portion  of  the  ilio-pectinea 
whieli  serves  in  the  adult  to  seiiarate  s 
the  falpe  from  the  true  pelvis.  This  part 
bone  i^  remarkably  strong,  as  has  been 
(see  Art^hitecture),  and  serves  to  transm 
body  weight  from  the  sacrum  to  the  thigl 
The  sexual  differences  of  the  i)elvis,  so 
they  n^.fer  to  the  general  configuration  < 
part  of  the  skeleton,  are  as  pronounced 
third  or  fourth  month  of  foetal  life  as  th 
in  the  adult  (Fehling,  Ztschr.  /.  Gebur 
GynaeL  Bd.  ix.  and  x. ;  A.  Thomson,  . 
Anat.  and  Physiol  voL  xxxiii.  p.  369). 
rougher  appearance  of  the  male  type  i 
related  with  the  more  powerful  muscul 
v«lopmenL 

The  Femur. 

The  femur  or  thigh  bone  is  rer 
able  for  its  length,  being  the  longest 
ill  the  body.  Superiorly  the  femor 
Beparated  by  the  width  of  the  p 
Inferiorly  they  articulate  with  the 
and  patellar.  In  the  military  p« 
of  attention,  with  the  knees  close  tog( 
the  shafts  of  the  thigh  bones  occu] 
oblique  position.  For  descriptive  pur 
the  l)one  is  divided  into  an  uppe 
treiuity,  comprising  the  head,  neck, 
two  trochaaters;  a  shaft;  and  a 
extremity,  forming  the  expansions  k: 
as  the  condyles. 

The  head  (caput  femoris)  is  the  1 
spherical  articular  surface  which, 
coated  with  cartilage,  fits  into  the  « 
tiular  hollow.    Its  pole  is  directed  up^ 
and  inwards  and  slightly  forwards 
little  below    the   summit,   and    ue 
somewhat  behind  it,  is  a  hollow  ovj 
(fovea  capitis  femoris)  for  the  attach 
of  the  ligamentum  teres.     The  cii 
ference  of  the  head  forms  a  lip  w 
wavy  outline,  more  prominent  abovi 
liehiiid  than  in  front.     The  head  is 
parUid  by  a  stout  compressed  bar  of 
the  neck  (coUum 
oris),  which  forms 
the   upper  end  of 
shaft  an  angle  of  £ 
125  degrees,  and  i 
rected  upwards,  in  w 
and   a   little   forw 
Its  vertical  width 
ceeds    its    kntero- 
terior  thicknesa 
stricted  about  its  mi 
it  expands  internal 
support  the  head,  whilst  externally,  where  it  joins  the  shaft,  its  vertical  diame' 
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muc^  increased.     Anteriorly  it  is  clearly  defined  from  the  shaft  by  a  rough  ridge 

which  commences  above  on  a   prominence, \90rne times  called  the  tubercle  of  the 

femur,  and  passes  obliquely 

downwards    and    inwards.  E*ir»^ 

This  constitutes  the  upper  fo«**  to»  ^ 

part  of  the  spiral  Una  (Unea 

inter  -  trochauterica),    and 

serves  for  the  attacliment 

of  the  ilio-femoral  ligament 

of  the  hip-joint.  Posteriorly 

where  the  neck  unites  with 

the  shaft,  there   is  a   full 

rounded  ridge  passiug  from 

the  trochanter  major  above 

to  the    trochanter   minor 

below;  this  is  the  posterior 

mtdrtrochanteric     line     or 

ridge    (crista    intertro- 

chanterica).    A  little  above 

the  middle   of   tliis  ridge 

there  is  usually  a   fulness 

which   serves    to    indicate 

the  upjier  limit  of  attach- 
ment of  the  quadratus  fem- 

oris  muscle,  and   is  called 

the  tubercle  for  the  quad- 

ntos.    Ex  tenially  the  neck 

is  embedded   in  the  inner 

suriiice   of   the   trochanter 

major,    by    which,    at    its 

upper  anil  l>ack  part,  it  is 

to  some  extent  overhung. 

Ht>re  is  situated  the  digital 

fossa  ftossa  trochanterica), 

into  which  the  tendon  of 

the  ol^turator  externus  is 
inserted.  Ttissing  nearly 
horizontally  across  the  back 
of  the  neck  there  is  a  faint 
groove  leading  into  this  de- 
pression; in  lliis  the  tendon 
of  the  obtui-ator  externus 
mu.stjle  lies.  Inferibrly  the 
neck  beconiesconfluentwith 
the  trochanter  minor  be- 
hind,and  is  continuous  with 
the  inner  surftice  of  the 
>liaft  in  front.  The  neck 
is  pierceii  by  many  vascular 
canals,  most  numerous  at 
the  upf)er  and  back  part. 
Si»nie  are  directed  upwards 
towards  the  head,  whilst 
others  pass  in  the  direction 
(»f  the  trochanter  major. 
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The  trochanter  major 
is  a  large  quadrangular  pro- 
cess which  caps  the  upper  and  outer  part  of  the  sliaft,  and  overliani^s  the  rotjt  of  tlie 
neck  above  and  behind.     Its  outer  surface,  of  rounded  irregular  I'orm,  s\o\u^.^  w^nnvvc^V^ 
16 


Fig.  1G9.— KicHT  Femur  as  seen  FRoii 
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and  inwards,  and  is  separated  from  the  external  surface  of  the  shaft  below  bj 
a  more  or  less  horizontal  ridge.  Crossing  it  obliquely  from  the  posterior  superior 
to  the  anterior  inferior  angle  is  a  rough  line  which  serves  for  the  insertion  of  the 
gluteus  medius  muscle ;  above  and  below  this  the  surface  of  the  bone  is  smoother 

and  is  overlain  by  bursje.  The 
anterior  surface,  somewhat  oblong 
in  shape,  and  inclined  obliquely 
from  below  upwards  and  iuwardu^ 
is  elevated  from  the  general  aspect 
of  the  shaft  below,  from  which  it 
is  separated  in  front  by  an  oblique 
line  leading  upwards  and  inwards 
to  the  tubercle  at  the  upper  end 
of  the  superior  part  of  the  spiral 
line.  This  surface  serves  for  the 
insertion  of  the  gluteus  minimiUL 
The  superior  border  is  cur\'ed  and 
elevated ;  into  it  are  inserted  the 
tendons  of  the  obturator  intemus 
and  gemelli  muscles  within  and 
in  front,  and  the  pyriformiB 
nmscle  above  and  behind.  The 
posterior  horder  is  thick  and 
rounded, and  fonns  the  upper  part 
of  the  posterior  intertrochanteric 
ridge.  The  angle  formed  by  the 
superior  and  posterior  borders  is 
sharp  and  pointed,  and  forms  the 
tip  of  the  trochanter  overhanging 
the  digital  fossji,  which  lies  im- 
mediately below  and  within  its 
inner  surface. 

The  trochanter  minor  is  an 
elevated  pyramidal  process  situ- 
ated at  the  back  of  the  inner  and 
upper  part  of  the  shaft  where  that 
becomes  continuous  with  the 
lower  and  ix)sterior  part  of  the 
nef.k.  Confluent  alcove  with  the  posterior  intertnx5hant«»ric  ridge,  it  gradually  fades 
away  into  the  back  of  the  shaft  below.  The  combined  tendon  of  the  ilio-psoas  ia 
inserted  into  this  process  and  the  bone  immediately  below  it. 

The  shaft  (corpus  femoris),  which  is  characterised  by  its  great  length,  is  cylin- 
drical in  form.  As  viewed  from  the  front,  it  is  straight  or  but  slightly  curved :  as 
seen  in  profile,  it  is  l)ent  forwards,  the  curve  being  most  pronounced  in  its  uppar 
part.  The  shaft  is  thinnest  at  some  little  distance  above  its  middle;  below  this  it 
gradually  increases  in  width  to  support  the  condyles  inferiorly ;  its  antero-i)Osterior 
diameter,  however,  is  not  much  increased  ])elow.  Its  suifaccs  are  generally  smooth 
and  rounded,  except  behind,  where,  running  longitudinally  down  the  centre  of  its 
curved  posterior  asjieet,  there  is  a  rough-lipped  ridge,  the  linea  aspera  (linea  aflpera). 
Most  salient  towards  the  middle  of  the  shaft,  the  linea  as^^era  consists  of  an  inner 
lip  (labium  mediale)  and  an  outer  lip  (labium  laterale),  with  a  narrow  intervening 
rough  surface.  Above,  about  2  to  2i  inches  from  the  trochanter  minor,  the  linea 
aspera  is  formed  by  the  convergence  of  three  lines.  Of  these  the  outer  is  a  rough, 
somewhat  elevatt»d,  ridge,  which  commences  above,  on  the  back  of  the  shaft,  external 
to  and  on  a  level  with  the  trochanter  minor,  and  becomes  continuous  Ijelow  with 
the  outer  lip  of  the  linea  aspera.  This  serves  for  the  bony  insertion  of  the  gluteus 
maximus,  and  is  occasionally  developed  into  an  outstanding  process  called  the 
trochanter  tertios.  Internally  the  inner  lip  of  the  linea  as^^era  is  confluent  above 
with  a  line  which  winds  round  the  shaft  upwards  and  forwards  in  front  of  the 
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tchanter  minor  to  become  continuous  with  the  rough  ridge  which  serves  to  define 
f  neck  from  the  shaft  anteriorly  (see  ante).  The  whole  constitutes  what  is  known 
the  Bpinl  line,  and  extends  from  the  fore  and  upper  part  of  the  trochanter  major 
ore  to  the  linea  aspera  below.     Intermediate  in  position  between  the  spiral  line 

front  and  internally,  and  the  gluteal  ridge  externally,  there  is  a  third  Hue, 
3  pectmeal  line  (linea  pectinea),  which  passes  down  from  the  trochanter  minor 
d  fades  away  inferiorly  into  the  surface  between  the  two  lips  of  the  linea  aspera. 
to  this  the  pectineus  muscle  is  inserted.  About  the  junction  of  the  middle  with 
?  lower  third  of  the  shaft  the  two  lips  of  the  linea  aspera  separate  from  one 
other,  each  passing  in  the  direction  of  the  condyle  of  the  corresponding  side, 
le  lines  so  formal  are  called  the  inner  and  outer  epicondylic  lines  respectively,  and 
close  between  them  a  smooth  triangular  area  corresponding  to  the  back  of  the 
ver  third  of  the  shaft ;  this,  called  the  popliteal  surface  (planum  popliteum),  forms 
e  floor  of  the  upper  part  of  the  popliteal  space.     The  continuity  of  the  upper  part 

the  internal  epicondylic  line  is  but  faintly  marked,  being  interrupted  by  a  wide 
d  faint  groove  along  which  the  popliteal  artery  passes  to  enter  the  space  of  that 
me.  Below,  where  the  line  ends  on  the  upper  and  inner  surface  of  tlie  internal 
Qdyle,  there  is  a  little  spur  of  bone  called  the  adductor  tubercle,  to  which  the 
ttdon  of  the  adductor  magnus  is  attached,  and  behind  which  the  inner  head  of 
e  gastrocnemius  muscle  takes  origin. 

The  linea  aspera  affords  extensive  linear  attachmeute  to  many  of  tliu  niUKcles  of  tlie  tliigh. 
w  va.*tus  intemus  arises  from  the  spiral  line  above  and  the  inner  lip  uf  the  linea  /isjiera  1h»1o\v. 
btaddut^tor  longiis  is  inserted  into  tlie  inner  lip  alK»ut  the  middle  thiixl  of  the  length  of  the  shaft, 
be  adductor  niagniis  is  inserti*d  into  the  intermediate  part  of  the  line,  extending  as  high  as  the 
Tel  of  the  trochanter  minor,  where  it  lies  int^-nial  t^)  the  inst»rtion  of  the  gluteus  maximus. 
rlw,  its  iiistn-tion  passes  on  the  internal  epicondylic  ridge,  reaching  as  low  as  the  adductor 
ibercle.  The  ad<luctor  brevis  muscle  is  inserted  into  the  linea  fispera  al)ove,  lx*tween  the  pec- 
Deus  and  adductor  longus  muscles  internally  and  the  adductor  nuignus  externally.  Below  the 
^rtion  of  the  gluteus  maximus  the  short  head  r)f  the  biceps  arises  from  the  outer  lip  as  well  as 
«n  the  external  ej)icondylic  line ;  in  front  these  also  serve  for  the  origin  of  the  vastus  externus 
ojicle. 

The  canals  for  the  nutrient  arteries  of  the  shaft,  which  have  an  upwanl  direction,  are  usually 
oin  nunilKT,  and  are  placed  on  or  near  the  linea  aspera — the  upper  one  alK)Ut  the  level  of  the 
:j«'tion  of  the  middle  and  unper  thinl  of  the  bone,  the  lower  some  thixie  or  four  inches  lielow — 
ully  on  the  inner  side  of  the  shaft,  imnu»rliately  in  front  of  the  inner  lip  of  the  linea  asperju 

The  front  and  lateral  aspects  of  the  shaft  are  covered  by,  and  furnish  surfaces 
•,  the  origins  of  the  vasti  and  crureus  muscles. 

The  lower  extremity  of  the  femur  comprises  the  two  condyles.  These  are  two 
ur^'ed  processes  of  bone,  each  provided  with  an  articular  surfjice,  and  separated 
lind  by  a  deep  intercondylic  notch.  United  in  front,  where  their  combined 
icular  surfaces  form  an  area  on  which  the  patella  rests,  the  two  condyles  (litter 
in  each  other  iu  the  following  re8}>ects :  If  the  shaft  of  the  bone  l>e  held  vertically, 

internal  condyle  is  seen  to  reach  a  lower  level  than  the  external ;  but,  as  the 
lur  lies  obliciuely  in  the  thigh,  the  condyles  are  so  pbiced  that  their  inferior  sur- 
is  lie  in  the  same  horizontal  plane.  Viewed  from  below,  the  internal  condyle  is 
Q  to  i)e  the  narrower  and  short/cr  of  the  two.  The  external  condyle  is  broader, 
I  atlvances  farther  forward  and  higher  up  on  the  anterior  surface  of  the  shai't. 
^  intercondylic  notch  (fossa  intercoudyloide<i)  reaches  I'orwjirds  as  far  as  a  traiis- 
.««?  line  drawn  through  the  centre  of  the  external  condyle.  Its  sides  are  formed 
the  inner  and  outer  surfaces  of  the  outer  and  inner  condyles  respectively,  the 
er  lH*ing  more  deeply  excavated,  and  displaying  an  oval  surface  near  its  lower 
[  anterior  part  for  the  attachment  of  the  posterior  crucial  ligament  of  the  knee- 
il.  Placed  high  up,  on  the  posterior  part  of  the  inner  surface  of  the  external 
dyle,  there  is  a  corres])onding  surface  for  the  attacdiment  of  the  anterior  crucial 
imeiit.  The  floor  of  the  notch,  which  is  j)ierc(id  by  numerous  vascular  canals, 
x^s  upwards  and  backwards  towards  the  popliteal  surface  on  the  back  of  the 
ft,  from  which  it  is  sei^arated  by  a  slight  ridge  (linea  intero(»ndyh)ideaj  to  which 

posterior  ])art  of  the  cal>^sule  of  the  knee-joint  is  attacheil. 

The  cutaneous  a.spect  of  each  condyle  (i.e.  the  outer  surface  of  the  ext^YWvA 
idyle  and  the  inner  surface  of  t)je  internal  condyle)  presents  an  ele.vaWd  tt>\\^\ 
16rt 
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surface,  called  the  tuberosity  (epicondylus),  that  of  the  internal  (epicondylui 
medialis)  l)eing  the  more  pronounced  and  outstanding  from  the  line  of  the  shaft; 
capped  al)Ove  by  the  adductor  tubercle,  it  affords  attachment  near  its  most  pro- 
minent point  to  the  fibres  of  the  internal  lateral  li<Tanient 
of  the  knee-joint.  The  external  tuberosity  (epicoudylue 
lateralis),  less  pronounced  and  lying  more  in  line  with  the 
outer  surface  of  the  shaft,  is  channelled  behind  by  a  curved 
groove,  the  lower  rounded  lip  of  which  serves  to  separate  it 
from  the  inferior  articular  surface.  This  groove  ends  in 
front  in  a  pit  which  is  placed  just  below  the  most  salient 
point  of  the  tul)erosity;  hereto  is  attached  the  tendon  of 
the  popliteus  nmscle,  which  overlies  the  lower  lip  of  the 
groove  in  the  extended  position  of  the  joint,  but  slipw  into 
and  occupies  the  groove  when  the  joint  is  flexed.  Behind 
the  most  prominent  part  of  the  external 
tuberosity,  and  just  above  the  pit  for 
the  attacliment  of  the  popliteus,  the 
external  lateral  ligament  of  the  knee- 
joint  is  attached,  whilst  superior  to  that 
there  is  a  circumscribed  area  for  the  origin 
of  the  tendinous  part  of  the  outer  head 
of  the  gastrocnemius  muscle. 

The   articular  surface  on  the  lower 
extremity  is  divisible  into  three  parts 


Surface  for  thci 
attachment  ot 
ext  lateral  lig. 

Groove  for 
tendon  nf 
popliteiiB 
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that  which  corresponds  to  the  inferior  surface  of  the  shaft  and  which  is  formed  by  the 
coalescence  of  the  two  condyles  in  front,  and  those  which  overlie  the  under  and 
hinder  aspects  of  each  of  those  processes.  The  former  is  separated  from  the  latter 
by  two  shallow  oblique  grooves  which  traverse  the  articular  surface  from  before 
backwards,  on  either  side,  in  the  direction  of  the  anterior  part  of  the  intercondylic 
notch.  These  furrows  are  the  impressions  in  which  tit  the  fore-parts  of  the  internal 
and  external  semilunar  cartilages  of  the  knee-joint  respectively,  when  the  knee-joint 
is  extended.  The  anterior  articular  area  or  trochlea  (facies  patellaris)  is  adapted 
for  articulation  with  the  patella.  Convex  from  above  downwards,  it  displays  a 
broad  and  shallow  central  groove,  bounded  on  either  side  by  two  slightly  convex 

surfaces.  Of  the  two  sides, 
the  external  is  the  wider 
and  more  prominent,  and 
rises  on  the  front  of  the 
bone  to  a  higher  level  than 
the  internal.  The  con- 
dyloid or  tibial  surfaces  are 
convex  from  side  to  side, 
and  convex  from  before 
backwards.  Sweeping 
round  the  under  surface 
and  posterior  extremitiee 
of  the  condyles,  they  de- 
scribe a  spiral  curve  more 
open  in  front  than  behind. 
The  inner  condyloid  ar- 
ticular surface  is  naiTower  than  the  outer,  and  when  viewed  from  below  is  also  seen 
to  describe  a  curve  around  a  vertical  axis.  The  articular  surface  of  the  external 
condyle  is  inclined  obliquely  from  liefore  backwards  and  slightly  outwards.  The 
surfaces  of  the  condyles  above  the  articular  area  posteriorly  are  confluent  superiorly 
with  the  popliteal  surface  of  the  shaft ;  from  these  areas  the  heads  of  the  gastro- 
cnemius muscles  arise.  The  bone  from  which  the  inner  head  of  the  muscle  springs 
is  often  elevated  in  the  form  of  a  tubercle  placed  on  the  lower  part  of  the  poplitCMftl 
surface  of  the  shaft,  just  above  the  internal  condyle.  The  proportionate  length  of 
the  femur  to  the  body  height  is  as  1  is  to  3*53-3'92. 
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Arterial  Fonunina. — NumeroiLS  vfiu^cular  canals  ait:  .seen  in  the  region  of  the-nt-c'k,  at  the 
ittciui  of  tluMiiffital  fos^,  on  the  posterior  intereondylic  ridge  and  on  tlie  external  surlaa^  of 
le  gne>at  trochanter.  Tlie  nutrient  arteries  for  the  shaft  i)ieroe  the  Ixjne  on  or  near  the  linea 
]H.'nL  Bt)th  back  and  front  of  the  lower  end  of  the  shaft  disjilay  the  openings  of  numerous 
i-4:nlar  canal:*,  and  the  floor  of  the  intvrcondylic  notch  is  also  similarly  pierced. 

GonnezioilB. — The  femur  articulates  with  the  os  iuuoniinaiuui  alMjve  and  the  tihia  and  patella 
d'lw.  The  external  surface  of  the  great  trochanter  determines  the  point  of  givatest  hip  width 
I  the  nia]e,  being  covered  only  by  the  skin  and  superficial  fas<na  aiKl  the  aiK)neun)tic  insertion  of 
:ie  gluteus  maxiniiiK.  In  the  erect  jx^ition  the  tip  of  the  trochanter  corresjM)nds  to  the  level  of 
\w  centre  of  the  hip-joint.  When  the  thigh  is  flexed  the  trochanter  major  sinks  under  cover 
f  the  anterior  fibres  of  the  clutens  max imus.  In  women  the  hip  width  is  usually  greatest  at 
•me  little  distance  Ijelow  the  trochanter,  due  to  the  accumulation  of  fat  in  this  "n»gioiL  The 
haft  of  the  bone  is  surrounded  on  all  sides  by  iniiscles.  Its  forward  curve,  however,  is  account- 
able to  some  extent  for  the  fulness  of  the  front  of  the  thigh.  The  expose<l  wnrfaces  of  the  con<lyles 
letermine  to  a  large  extent  the  form  of  the  knee.  In  flexion  the  articular  e<lges  can  easily  be 
^ntttiUMd  on  either  side  of  and  Ix-low  the  patella. 

Architactlire. — The  shaft  has  a  medullarv  cavity  which  reaches  as  high  as  the  nxit  of  the 
fuM  trochanter.  Inferiorly  it  extends  t4j  witliin  34  inches  of  the  lower  articular  surlm^e.  In 
ilie  upper  half  the  out^ir  compact  wall  is  very  thick,  but  l)elow  the  middle  of  the  shaft  it 
^ndnaiiy  thin?  until  it  reaches  the  condyles  inferiorly,  over  which  it  passes  as  a  thin,  haixlly 
definable  external  layer.  AlK)ve,  it  is  especiallv  thick  along  the  line  of  the  linea  aspera,  unrl 
kn  the  laige  nutrient  canal  may  Ix^  seen  i)assmg  obli([uely  upwards  in  the  sul>stanc(^  of  the 
dcBM  bone  for  the  space  of  two  inches  in  the  npper  end  ot  the  shaft  the  osseous  lamellae 
Fpringing  from  the  sides  of  the  medullary  cavity  arch  inwaitls  towanis  the  centre,  intersecting 
tach  other  in  a  manner  c<)iimarable  to  the  tracery  of  a  Gothic  window.  The  lower  wall  of  the 
urck  is  thick  below,  near  tne  trochanter  minor,  but  thins  raiiidly  before*  it  reaches  the  head. 
From  this  aspect  of  the  neck  there  spring  a  series  of  oblique  lamelhe  which  pass  upwaixls  and 
inwards  spreading  in  fan-shapejl  manner  into  the  under  surface  of  the  head.  These  are 
iuiersected  alMve  by  lamellai  which  arch  inwards  from  the  outer  side  of  the  shaft  Indow  the 
nvat  trochanter,  a**  well  as  from  the  under  surface  of  the  thin  but  comnact  outer  shell  of  the 
upper  surface  of  the  neck,  the  whole  forming  a  bracket-like  arnmgement  which  assists  mat^'rially 
iuanlding  to  the  strength  of  the  neck.  Further  supiwrt  is  given  by  the  afldition  of  a  spur  of 
dfoselxine  which  springs  from  the  inner  surface  of  tlie  luider  side  ot'  the  neck,  just  in  front  of 
«Klalx>ve  the  trochanter  minor  :  this  is  calli»d  the  calcar  femorala  Fi-om  it  stout  lamellie  having 
a  vertical  direction  arise.  The  spongj'  tissue  of  the  head  and  great  trochanter  is  finely 
Miculated,  that  of  the  lower  [)art  of  the  neck  and  upper  ^wirt  of  the  shaft  being  more  open  in  its 
ifitiirr.  Passing  vertically  downwards  through  this  tissue  there  is  a  vascular  canal,  tlie  orifice 
of  rhich  ojx^ns  externally  on  the  floor  of  the  digital  fossa. 

The  sjH>ng\'  tissue  of  the  lower  j^art  of  the  shaft  is  more  delicate  and  uniform  in  its 
arrangement,  displaying  a  more  or  less  parallel  striation  in  a  longitudinal  direction.  Subjacent 
•rt  the  articular  surface  the  tissue  is  rendered  more  comi>act  by  the  addition  of  lamelUe  disposcni 
ill  curves  in  harmony  with  the  external  asjw^ct  of  the  Injiie. 

Vaziationa — AWme  of  the  pit  on  the  hefid  of  the  ft'inur  for  the  attfichmeiit  of  th»* 
ligaiiientum  tores  has  Ijet-n  reconle<l.  This  corresi)(»nds  with  the  condition  met  with  in  tli«- 
'.■r^iri^.  X«»t  infrequently  then*  is  an  extension  of  the  articular  surfart-  r)f  the  hearl  on  to  the  fore 
jiid  upi>er  a-jM'ct  of  the  neck  ;  this  is  a  "pr(^^'iUl•e  fa«*et  "  caused  l.'V  tht-  contact  of  the  iliac  portion 
.'f  iht.*  acetabular  margin  with  the  neck  of  the  Ixjiie,  when  the  limb  is  maintaim-d  for  long  pericxls 
ii  th*.'  flext'd  [K>sitioii,  a.s  in  tailoi-s,  and  also  in  those  races  who  habitually  squat  (Lanr,  Jnnrn. 
,^■.'|^  tnui  JVnjfrwI.^  vol.  xxii.  j).  COO). 

The  i»ccurivnee  of  a  tnichanter  tt^rtius  has  K^en  already  referred  to.  Its  presence  is  not  cou- 
miil  to  individuals  of  powerful  j)hvsi(pu*,  but  may  occur  in  those  of  sleiuler  build,  so  far 
uj.'t'i:sting  that  it  is  not  to  Ix*  regai-ded  merely  as  an  indicati(»n  of  excessive  muscular  devclop- 
jrnt-  The  oK>ervati<»ns  of  Dixou  {Jnurn,  Aintt.  ami  PhiiaioL^  vol.  xxx.  i>.  r)02),  whc>  noted  the 
<'.urr*-nce  of  a  Sfi»aratf  fi>iphysis  in  three  cases  in  connexion  with  it,  seem  to   jioint  t«i  its 

■  •^.■?«'>siiig  some  morphological  signi  fir-ance. 

Oeca-inn.'illy  the  gluteal  ridge  may  be  rei)lac.ed  by  a  hollow,  the  fossa  hypotnu^hanterifa,  nr  in 
•Uie  ca-es  the  two  may  co-exist. 
The  angle  of  the  neck  is  more  oi)en  in  the  chiM  than  in  the  adult,  an<I  tends  to  Im-  less 

■  hfii  the  femoral  length  is  short  and  the  pelvic  width  great — conditions  which  ])articularly 
I»l»-rtain  to  the  female.  There  is  no  evidence  to  show  that  aft«'r  giowth  i-^  conqileti'd  any 
.-Teration  tak«^  place  in  the  angle  with  advan«.'ing  yeais  (Humphry). 

The  curvature  of  the  shaft  may  undergo  considerable  variations,  and  the  appearance  of  the 
• -terior  ."-urface  of  the  bone  may  be  mcHiified  by  an  absence  of* tlie  linea  asjjcra,  a  condition 
•-*«?nil»Iing  that  seen  in  ajies ;  or  by  an  unusual  elevation  of  the  bone  which  supports  the  ridge 
''ffiorii  pihtafr*'),  ]>ro<luce<l,  as  Manouvrier  has  suggestHl,  by  the  excessive  develojuuent  nf  ilie 
lU-Mrle^  here  attacln?<l. 

L'lider  the  term  ''^ plahjwerie.,^'  Manouvrier  describes  an  antei"<.)-i>osteri(»r  (•ompres>ion  of  the 
T«|K;r  part  of  the  shaft,  frequently  met  with  in  tin-  femora  of  prehi>t«»ric  races. 

Ossification. -The  shaft  begins  to  ossify  early  in  the  second  niontb  of  fo?tal  life,  and  at 
jrth  displays  enlargements  at  both  ends,  which  are  capj)ed  with  cartilage.  If  the  inferior 
:irtilaginou.sciidbc  .sliced  away,  a  small  ossitie  nucleus  for  the  inferior  epiphysis  will  vv^vuvlVx 
•V'  seen.     This,  as  a  rule,  makes  its  iipponrnucc  to\vai-<ls  the  hitter  end  of  tV^c  \u\\\:\\  \\\^.>\\\\\ 
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of  foetal  life,  and  is  at  service  from  a  medico-legal  standpoint  in  determining  the  ag« 
footus.  According  to  Hartman,  it  is  absent  in  about  12  per  cent  of  children  at  tei 
may  appear  as  early  as  the  eighth  monUi  of  footal  life  in  about  7  per  cent.     The  s 

extremity,     entirely 

'Is 


Api>ean«  ntjont 
•J-3  vi-nr-i 


laginous  at  birth,  coi 
the  head,  neck,  an 
chanter  major.  A 
appears  for  the  head 
the  early  part  of  th 
year.  That  for  th 
chanter  major  beg 
ossify  about  the  sew 
third  year,  whilst  th 
is  developed  as  an  i 
extension  of  the  shaft 
is,  however,  not  confi 
the  neck  alone,  but  foi 
lower  circumference 
articular  head,  as  n 
seen  in  l)ones  up  to  t 
of  twelve  or  sixteen 
that,  the  separate  ep 
of  the  head  begins  U 
lap  it  so  as  to  cover 
tirely  when  fusion  i 
plete  at  the  age  of  ei 
or  twenty. 

The  epiphysis  of  th 
trochanter  unites  wi 
shaft  and  neck  abou 
teen  or  nineteen,  whi 
epiphysis  for  the  trochanter  minor,  which  usually  makes  its  appearance  about  the 
or  thirteenth  year,  is  usually  completely  fused  with  the  shaft  about  the  age  of  ei| 
The  epiphysis  for  the  lower  end,  although  the  first  to  ossify,  is  not  completely  un 
the  shaft  until  from  about  the  twentieth  to  the  twenty -second  year.  It  is  worthy  « 
that  the  line  of  fusion  of  the  shaft  and  inferior  epiphysis  passes  through  the  ac 
tubercle,  a  point  which  can  easily  be  determined  in  the  living. 


Usually  appmrx  in 
the  9th  luouth  of 
fueUl  life 


btfFon  birth 


At  birth. 


Fus*«  with  nlmti  abijut  20'Sii  y«ra 
Al>out  12  years.  About  16  years. 

Fio.  173. — Ossification  op  Fbmur. 


EXTKRNAL   ARTKTL 


The  Patella. 

The  patella,  the  largest  of  the  sesamoid  bones,  overlies  the  front  of  the 
joint  ill  the  tendon  of  the  quadriceps  extensor.  Of  compressed  form  and  son 
triangular  shape,  its 
lower  angle  projects 
downwards  and  forms 
a  peak,  called  the 
apex  (apex  patelhe), 
whilst  its  u])per  edge, 
or  base  (basis  patellae), 
broad,  thick,  and 
sloping  forwards  and 
a  little  dowTi  wards,  is 
divided  into  two  areas 
by  a  transverse  line 
or  groove;  the  an- 
terior area  so  defined 
serves  for  the  attach- 
ment of  the  common 
tendon  of  the  quad- 
riceps extensor  muscle,  whilst  the  posterior,  of  compressed  triangular  sh 
covered  by  synovial  membrane.  The  inner  and  otiter  borders,  of  curved  c 
receive  the  insertions  of  the  vastus  intemus  and  externus  muscles  respective 
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attachment  of  the  vastus  internus  being  more  extensive  than  that  of  the  vastus 
extemus.     The  anterior  surface  of  the  bone,  slightly  convex  in  both  diameters,  has  a 
fibrous  appearance,  due  to  its  longitudinal  striation,  and  is  pierced  here  and  there 
by  the  openings  of  vascular  canals.     The  posterior  or  femoral  articular  surface  is 
divided  into  two  unequal  parts  (of  which  the  external  is  the  wider)  by  a  vertical 
elevation  which  glides  in  the  furrow  of  the  trochlear  surface  of  the  femur,  and  in 
extreme  flexion  passes  to  occupy  the  intercondylic  notch.     The  outer  of  the  two 
femoral  surfaces  is  slightly  concave  in  both  its  diameters;    the  inner,  though 
slightly  concave  from  above  downwards,  is  usually  plane,  or  somewhat  convex  trans- 
versely.    Occasionally,  in  the  macerated  bone,  indications  of  a  third  vertical  area 
aie  to  be  noted  along  the  inner  edge  of  the  internal  aspect.     This  defines  the  part 
of  the  articular  surface  which  rests  on  the  border  of  the   internal  condyle  in 
extreme  flexion. 

Below  the  femoral  articular  area  the  deep  surface  of  the  apex  is  rough  and 
irregular;  the  greater  part  of  this  is  covered  by  synovial  membrane,  the  liga- 
mentum  patellae  being  attached  to  its  summit  and  margins,  reaching  some  little 
distance  round  the  borders  on  to  the  anterior  aspect  of  this  part  of  the  bone. 

Azchitecture. — The  bone  consiste  of  a  thick  dense  layer  anteriorly,  which  thins  towards  the 
edges  on  either  side  and  below  ;  above,  it  corresponds  to  the  area  of  insertion  of  the  quadriceps. 
T£e  femoral  articular  surface  is  composed  of  a  layer  of  compact  bone,  thickest  in  correspondence 
with  the  vertical  elevation.  Sandwiched  between  these  two  layers  is  a  varying  thickness  of 
spcmgT  tissue  of  fairly  close  grain,  the  striation  of  which  on  cross  section  runs  in  parallel  lines 
from  Lack  to  front ;  on  vertical  section  the  tissue  appears  to  be  arranged  in  lines  passing  radially 
from  the  deep  surface  of  the  femoral  area  to  the  more  extensive  anterior  dense  plate. 
VariationB. — Cases  of  congenital  absence  of  the  patella  have  been  recorded. 
F.  C.  Kenifjeon  {Joum.  Anat  and  Fhyinol.,  voL  xxxvL)  has  recently  drawn  attention  to  the 
wnditioD  described  as  emargination  of  the  patella.  In  s|>ecimens  displaying  this  appearance  the 
nugin  of  the  bones  is  concave  from  a  point  about  half  an  inch  to  the  outer  side  of  the  middle 
line,  to  a  i>oint  half-way  down  the  outer  margin  of  the  Ixme,  here  there  is  usually  a  pointed 
gpine  directed  upwards  and  outwards.  The  condition  appears  to  be  associated  with  the  insertion 
oif  the  tendon  of  the  vastus  extemus.  G.  Joachimstal  (Archiv  il  Atlas  der  nonnalen  und  patholo- 
fkkm  AnatorjdLie  in  typischen  BSntgenbildemj  Bd.  8)  figures  a  case  in  which  on  lx>th  sides  the 
pitella  was  double  in  an  adult,  the  lower  and  much  the  smaller  portion  was  embedded  in  the 
iiguuentum  ^latellse. 

Ossification. — The  patella  is  laid  down  in  cartilage  about  the  third  month  of  fa»tal 
life.  At  birth  it  is  cartilaginous,  and  the  tendon  of  the  quadriceps  is  continuous  with  the 
liuanientuni  patellae  over  its  anterior  surface,  and  can  easily  be  dissected  off.  About  the 
thirr]  year  an  ossific  centre  appears  in  it  and  spreads  more  particularly  over  its  deeper 
surface.     Ossification  is  usually  completed  by  the  age  of  puberty. 
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The  tibia  is  the  inner  bone  of  the  leg. 
neighbour  the  fibula, 
with    which      it     is 
united  above  and  be- 
low.   By  its  superior 
expiinded    extremity 
it  supports  the  con- 
dyles  of   the   femur, 
while     inferiorly     it 
shares  in  the  forma- 
tion of  theankle-joint, 
articulating  with  the 
upj)er     surface     and 
inner  side  of  the  as- 
tragalus. 

The  superior  ex- 
tremity comprises  the 
inner  and  outer  tuberosities, 


It  is  much  stouter  and  stronger  than  its 


Stkoviai.  cumr 
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.Suj-f[ir  f>  for  attach,  of 
\viH\,  I'Ktretnlty  of 
i^ilnnjEil  spniilunar 


Post,  cnicial  lij,'aniont 
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the   spine,    and    the   tubercle.       Each    tuberosity  is 


].rovi»led    on    its   upix3r   aspect    with    an    articular    surface     (laci(!S     articularis 
sup'rior),   which   supports    the  corresponding    femoral    condyle,  as  y<vA\  ?k.^  \a\\^ 


\JO±rjKJL,\J\jrl, 


Iliotibial  iM&ml 


interposed    semilunar   cartilage.       Of    these    two    condylic    surfaces    the 
is  the  larger;  of  oval  shai>e,  its  long  axis  is  placed  antero-posteriorly.     Sli 

concave  from  before  backwards 
from  side  to  side,  its  circumfe 
rises  in  the  form  of  a  sharj 
well-detinededge.  The  outer  coi 
surflAce  is  smaller  and  rou 
Slightly  concave  from  side  to 
and  gently  convex  from  before  1 
wards,  its  circumference  is  wel 
fined  in  front,  but  is  rounde 
behind,  thus  markedly  incre 
the  convexity  of  its  posterior 
Between  the  two  condylic  sui 
the  bone  is  raised  in  the  cent 
form  the  spine  (eminentia  inte 
dyloidea),  the  summit  of  whi< 
grooved  and  capped  on  either 
by  tubercles  which  spring  from 
are  formed  by  the  upward  extei 
of  the  neighbouring  condylic  i 
Of  these  tubercles  the  inner  (t 
culum  intercondyloideum  mec 
is  the  higher,  and  longer  ii 
antero-posterior  direction,  the 
(tubereulum  intercondy! 
eum  laterale)  being  more  po 
and  not  so  elevated.  In  front 
behind  the  spine  the  articular 
are  separated  by  two  irre] 
V-shaped  surfaces,  the  intercoo 
fo888B.  The  anterior  fossa  (fossa  i 
condyloidea  anterior),  the  Inrgei 
wider,  furnishes  areas  for  the  at 
ment  of  the  semilunar  cartilag< 
either  side,  and  for  the  ant 
crucial  ligament  immediately  in 
of  the  spine.  The  floor  of  this  i 
is  pierced  by  many  nutrient  forai 
The  posterior  intercondylic 
(fossa  intercondyloidea  posteri( 
concave  from  side  to  side,  and  s 
downwards  and  backwards, 
external  semilunar  cartilage  i 
tached  near  its  apex  to  a  su 
which  rises  on  to  the  back  o: 
spine ;  the  internal  semilunar  < 
lage  is  fixed  to  a  groove  which 
along  its  inner  edge,  and  the 
terior  crucial  ligament  derive 
attachment  from  the  smooth  post 
rounded  surface. 

The  external  tuberosity  (com 
lateralis)  is  the  smaller  of  the 
It  overhangs  the  shaft  to  a  gi 
extent  than  the  internal,  th 
this  is  obscured  in  the  living  1 
articulation  with  the  fibula.  The  facet  for  the  fibula,  often  small  and  indisi 
is  placed  postero-oxternally  on  the   under  surface  of  its  most  projecting 


Surpass  ron  kx- 

TBNSORS  Of  ^HKLX 


SMirtri:  run 

PLBXOHJ  t.H  A\Ki^i^ 


SreciTAweotii 


SxtF:itJtAL 
ir4XJ.EClit,Lll 


MILLC.OLUB 


Fio.  176. — Right  Tibia  and  Fibula  as  see:*  from 
THE  Front. 


THE  TIBIA.  233 

itero-extemaUy  the  impriDt  caused  by  the  attachment  of  the  ilio-tibial  band 
often  quite  distinct.  The  circumference  of  the  internal  tuberosity  (condylus 
xlialis)  is  grooved  postero-internally  for  the  insertion  of  the  tendon  of  the  seuii- 
^mbranosu^ 

In  front  of  the  tuberosities,  and  about  an  inch  below  the  level  of  the  condylic  sur- 
ges, there  is  an  oval  elevation  called  the  tubercle  of  the  tibia,  or  the  anterior  tuberosity 
iberositas  tibise).  The  upper  half  of  this  is  smooth  and  covered  by  a  bursa,  while 
e  lower  part  is  rough  and  serves  for  the  attachment  of  the  hgamentum  patellse. 

Considered  in  its  entirety,  the  upper  extremity  of  the  tibia  is  broader  trans- 
Tsely  than  antero-posteriorly,  and  is  inclined  backwards  so  as  to  overhang  the 
Aft  posteriorly. 

The  shaft  (corpus  tibi«)  is  irregularly  three- sided.  It  is  narrowest  about  the 
nction  of  its  middle  and  lower  thirds,  and  expands  above  and  below  to  support 
e  extremitiea  Running  down  the  front  of  tlie  bone  there  is  a  gently-curved, 
ominent  margin  confluent  above  with  the  tubercle,  but  fading  away  inferiorly  on 
le  anterior  surface  of  the  lower  third  of  the  bone,  where  it  may  be  traced  in  the 
rection  of  the  anterior  border  of  the  internal  malleolus.  This  is  the  crest  or  shin 
rista  anterior),  which  is  subcutaneous  throughout  its  entire  length.  To  the 
iner  side  of  this  is  a  smooth,  slightly  convex  surface,  which  reaches  as  high  as  the 
kternal  tuberosity  above,  and  inferiorly  becomes  continuous  with  the  inner  surface 
f  the  internal  malleolus.  This  is  the  internal  or  subcutaneous  surface  (facies 
lediahs)  of  the  shaft,  which  is  covered  only  by  skin  and  superficial  fascia,  except 
n  its  upper  fourth,  where  the  tendons  of  the  sartorius,  gracilis,  and  gemitendinosus 
muscles  overlie  it,  as  they  pass  towards  their  insertions.  This  surface  is  limited 
posteriorly  by  the  internal  border  (margo  medialis)  which  passes  from  the  inner  and 
under  surface  of  the  internal  tuberosity  above  to  the  hinder  border  of  the  internal 
malleolus  below.  This  border  is  rounded  and  indefinite  above  and  below,  being 
uraally  best  marked  about  its  middle  third.  To  the  outer  side  of  the  tibial  crest  is  the 
tiUfnal  surface  of  the  bone  (facies  lateralis);  it  is  limited  behind  by  a  straight  vertical 
ridge,  the  crista  interossea,  to  which  the  interosseous  membrane,  which  occupies  the 
inten'al  between  the  tibia  and  the  fibula,  is  attached.  This  ridge  commences  above, 
near  the  middle  of  the  outer  and  under  surface  of  the  external  tuberosity,  and 
terminates  below  about  two  inches  above  the  lower  extremity  by  dividing  into  two 
lines,  which  separate  and  enclose  between  them  the  surface  for  articulation  with 
the  lower  end  of  the  fibula,  and  the  area  of  attachment  of  the  inferior  interosseous 
ligament,  which  here  unites  the  two  bones.  In  its  upper  two-thirds  the  external 
surface  provides  an  extensive  origin  for  the  tibialis  anticus.  Inferiorly,  where  the 
tibial  crest  is  no  longer  well  defined,  the  external  surface  turns  forward  on  to  the 
Iront  of  the  shaft,  and  is  limited  inferiorly  by  the  anterior  margin  of  the  inferior 
irticular  surface.  Over  this  the  tendon  of  the  tibialis  anticus,  and  the  combined 
ieshy  and  tendinous  parts  of  the  extensor  proprius  hallucis  and  extensor  com- 
nunis  digitorum  muscles  pass  obliquely  downwards.  The  j^osterior  surface  (facies 
xisterior)  of  the  shaft  lies  between  the  interosseous  ridge  externally  and  tlie  in- 
^rnal  lx)rder  on  the  inner  side.  Its  contours  are  liable  to  considerable  variation 
iccording  to  the  degree  of  lateral  compression  of  the  bone.  It  is  usually  full  and 
■ounded  above,  and  flat  below.  Superiorly  it  is  crossed  l)y  the  oblique  or  popliteal 
ine  (linea  poplitea),  which  runs  downwards  and  inwards,  from  the  fibular  facet 
ilK)ve,  to  the  internal  border  on  a  level  with  the  junction  of  the  middle  with  the 
ipper  third  of  the  shaft.  To  this  line,  as  well  as  to  the  internal  border  ibr  some 
listance  below  it,  the  soleus  muscle  is  attached.  Into  the  ))ulk  of  the  triangular 
irea  above  it  the  popliteus  muscle  is  inserted.  Arising  from  the  middle  of  the 
[>opUteal  line  there  is  a  vertical  ridge,  which  passes  downwards  and  divides  the 
[>osterior  aspect  of  the  shaft  into  two  surfaces — an  external  for  the  tibial  origin  of 
he  tibialis  posticus  muscle,  and  an  internal  for  the  flexor  longus  digitorum  muscle. 
riie  inferior  third  of  this  surface  of  the  shaft  is  free  from  muscular  attaclnaents, 
^ut  is  overlain  by  the  tendons  of  the  above  muscles,  together  with  that  of  the  Hexor 
on^^us  hallucis.  A  large  nutrient  canal,  having  a  downward  direction,  opens  on  the 
posterior  surface  of  the  shaft  a  little  below  the  popliteal  line  and  just  external  to 
he  vertical  ridge  which  springs  from  it. 
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The  inferior  extremity  of  the  tibia  displays  an  expanded  quadrangular  form. 
It  is  furnished  with  a  saddle-shaped  articular  surface  on  its  under  surface  (facies 
articularis  inferior),  which  is  concave  from  before  backwards  and  slightly  convex 
from  side  to  side.  Tliis  rests  upon  the  superior  articular  surface  of  the  body  of  the 
astragalus,  and  is  bounded  in  front  and  behind  by  well-defined  borders.  The 
anterior  border  is  the  rounder  and  thicker,  and  is  oftentimes  channelled  by  a  groove 
for  the  attachment  of  the  anterior  ligament  of  the  joint ;  further,  it  is  occasionaUy 
provided  with  a  pressure  facet  caused  by  the  locking  of  the  bone  against  the  neck 
of  the  astragalus  in  extreme  flexion.  Externally  the  edge  of  the  articular  area 
corresponds  to  the  base  of  the  triangle  formed  by  the  splitting  of  the  interosseom 
ridge  into  two  parts.  Where  these  two  lines  join  it,  both  in  front  and  behind,  the 
bone  is  elevated  into  the  form  of  tubercles,  in  the  hollow  between  which  (incisura 
fibularis)  the  lower  end  of  the  fibula  is  lodged,  being  held  in  position  by  powerful 
ligaments.  The  cartilage-covered  surface  occasionally  extends  for  some  little 
distance  above  the  base  of  the  triangle.  Internally  there  is  a  down-projecting 
process,  called  the  internal  malleolus  (malleolus  medialis),  the  inner  aspect  of  which 
is  subcutaneous  and  forms  the  projection  of  the  inner  ankle.  Its  external  surface 
is  furnished  with  a  pyriform  facet  (facies  articularis  malleolaris),  confluent  above 
with  the  cartilage -covered  area  on  the  inferior  extremity  of  the  shaft;  this 
articulates  with  a  corresponding  area  on  the  inner  surface  of  the  body  of  the 
astragalus.  Inferiorly  the  malleolus  is  pointed  in  front,  but  notched  behmd  for 
the  attachment  of  the  internal  lateral,  ligament  of  the  ankle.  Bunning  obliquely 
along  the  posterior  surface  of  the  malleolus  there  is  a  broad  groove  (sulcuB 
malleolaris)  in  which  the  tendons  of  the  tibialis  posticus  and  flexor  longos 
digitorum  muscles  are  lodged ;  whilst  a  little  to  the  fibular  side  of  this,  and 
running  downwards  over  the  posterior  surface  of  the  lower  extremity  of  the  bone, 
there  is  another  groove,  often  faintly  marked,  for  the  lodgment  of  the  tendon  of 
the  flexor  longus  hallucis  muscle.  The  proportionate  length  of  the  tibia  to  the 
body  height  is  as  1  is  to  4-32-4-80. 

Arterial  Foramina. — Nutrient  canals  are  seen  piercing  the  upper  extremity  of  the  bone 
around  its  circumference  and  above  the  tubercle.  The  floors  of  the  mtercondylic  fossae  are  abo 
similarly  pierced,  and  there  is  usually  a  canal  of  large  size  openinp  on  the  summit  of  the  spine. 
Two  or  three  foramina  of  fair  size  are  seen  running  upwards  into  the  sulwtance  of  the  bone  a  little 
below  and  to  the  inner  side  of  the  tubercle,  while  the  principal  vessel  for  the  shaft  passes  down- 
wards into  the  bone  on  its  posterior  surface,  about  the  level  of  the  junction  of  the  upper  and 
middle  thirda  The  inner  surface  of  the  internal  malleolus,  as  well  as  the  anterior  and  ]X)eterior 
borders  of  the  inferior  extremity,  are  likewise  pitted  by  the  orifices  of  small  vascular  channels. 

Connexions. — Superiorly  ike  tibia  supports  the  condyles  of  the  femur,  and  is  connected  in 
front  with  the  patella  by  means  of  the  patellar  ligament  Articulating  externally  w^ith  the 
fibula  above  and  below,  it  is  united  to  that  lx)ne  throughout  nearly  its  entire  length  by  the  inter- 
osseous membrane.  The  crest  and  internal  surface  can  be  readily  examined,  as  they  are  sub- 
cutaneous, except  above  where  the  internal  surface  is  overlain  by  the  tliin  tendinous  auoneuroeis 
of  the  muscles  passing  over  the  inner  side  of  the  knee.  The  form  of  the  lower  part  of  tne  knee  in 
front  is  determined  by  the  tuberosities  on  either  side  crossed  mesially  by  the  Momentum  patells. 
Inferiorly  the  internal  malleolus  forms  the  projection  of  the  inner  ankle,  which  is  wider,  not  so 
low,  less  pointed,  and  placed  in  advance  of  the  projection  of  the  outer  ankle.  The  front  and 
back  of  tne  lower  end  of  the  bone  are  crossed  by  tendons,  which  ma**k  to  a  certain  extent  its 
form. 

Architecture. — The  shaft  of  the  bone  is  remarkable  for  the  thickness  and  density  of  the 
osseous  tissue  which  underlies  the  crest  The  ixxsterior  wall  is  stout,  but  the  internal  and 
external  walls  are  thinner.  The  several  walls  are  thickest  opposite  the  middle  of  the  shaft,  and 
thin  out  above  and  below  where  the  shaft  imites  with  the  epiphyses.  The  medullary  canal, 
narrow  and  circular  in  the  middle  of  the  bone,  increases  in  all  its  diameters  above  and  below, 
and  reaches  to  within  2J  to  3  inches  of  either  extremity.  Superiorly  the  arrangement  of 
the  lamellai  of  the  spongy  tissue  resembles  a  series  of  arches  springing  from  the  dense  outer  walla. 
These  form  a  platform  on  which  the  superior  epiphysis  rests,  the  sjwngy  tissue  of  which  displays 
a  more  or  le«*s  vertical  striation.  This  is  much  more  compact  under  the  condylic  surfaces,  the 
superficial  asi)ect  of  which  is  formed  by  a  thin  layer  of  dense  lx)ne.  The  spine  and  tubercle  are 
also  formed  of  comi)act  tissue,  whilst  the  circumference  of  the  tul)ei-ositie8  is  covered  by  a 
thinner  and  less  dense  wall  In  the  lower  end  of  the  shaft  the  sjmngy  tissue,  of  a  loose  and 
cellular  character,  is  arranged  in  vertical  fibres,  blending  inferiorly  with  the  ch)ser  tissue  of  the 
inferior  epiphysis,  the  articular  surface  of  which  is  covered  by  a  tliin  but  dense  layer. 

In  the  adult  Ixme  the  nutrient  canal  for  the  shaft  is  emlxidded  in  the  dense  posterior  wall  for 
the  space  of  tw^o  inches. 

Variations  — The  tibia  is  often  unduly  laterally  compressed,  leading  to  an  increase  in  its 
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ero-poeterior  diameter  afl  compared  with  it^  tmBsverse  width.  This  condition  is  more 
Limouly  met  with  in  the  bones  of  prehistoric  and  savage  races  than  in  modem  Europeans. 
ttrntiou  was  first  direct^id  to  tliis  particular  form  by  Busk,  who  named  the  condition 
tjcnemia.  The  general  appearance  of  such  tibiie  resembles  that  seen  in  the  apes,  and 
»end?*  on  an  exce])tional  development  of  the  tibialis  ix)sticus  muscle,  though,  as  Manouvrier 
>  iH>inted  out,  in  ajics  this  is  associateil  with  the  dii-eet  action  of  the  muscle  on  the  foot,  as  in 
iiibing,  whereas  in  man,  as  a  consequence  of  the  bipedal  mode  of  progression,  the  muscle  is 
iploytnl  in  an  inverse  sense,  viz.  by  steadying  the  tibia  on  the  foot,  and  thus  pi-oviding  a  fixed 
M»  on  which  the  femur  can  move.'  Such  platycnemic  tibia*  are  occasionally  met  with  in  the 
♦n*  highly  civilised  races,  and  are,  according  to  Manouvrier,  associated  with  habits  of  gi-eat 
tivity  among  the  inhabitants  of  rough  and  mountainous  districts. 

Anuther  interesting  condition  is  one  in  which  the  upper  extremity  is  more  strongly  recurved 
lau  is  u.'iuaL  This  retroversion  of  the  head  of  the  tibia  was  fat  one  time  supposed  to  represent 
I  intfniie^liate  ondition  in  which  the  knee  could  not  be  fully  extended  so  as  to  bring  the  axis 
:  the  leg  in  line  with  the  thigh  ;  but  such  opinion  has  now  been  upset  by  the  researches  of 
lauouvrier,  who  claims  that  it  is  the  outcome  of  a  habit  not  uncommon  amongst  j)easants  and 
iUiitrymen,  viz.  that  of  v/alking  habitually  with  the  knees  slightlv  bent 

Hal>itiial  jKisture  also  leaves  its  impi-ess  on  the  form  of  the  tibia,  and  in  races  in  which  the 
*«i  of  the  chair  is  unknown,  the  extreme  degree  of  flexion  of  the  knee  and  ankle  necessitated  by 
he  adoption  of  the  squatting  i>osition  as  an  attitude  of  habitual  rest  is  associated  with  an  increase 
n  the  convexity  of  the  external  condylic  surface,  and  the  appearance,  not  infrequently,  of  a 
•reftun?  facet  on  the  anterior  border  of  the  lower  exti-emity,  wiiich  rests  in  that  i>ositiun  on  the 
»tk  of  the  astragalus.  Cases  of  con- 
?;uilal  al»s«'ncir  i»f  the  til»ia  have  been 
irrtpu'Dtly  descriVHf<l,  amongst  the  most 
Ktxux  Ijeing  those  ivcoitUkI  by  Glutton, 
J(>;u-hiiiisthal,  Bland  Suttcm,  and  AVaitz. 

Ossification. — The  shaft  begins  i; 
to  <)ssify  early  in  the  second  month  ^ 
i)f  intrauterine  life.  At  birth  it  is  c 
well  forme<l,  and  capped  above  and  f     \ 

below  by  pieces  of  cartilage,  in  the  | \ 

upper  of  which  the  centre  for  the  £ 
*u[»erior  epiphysis  has  already  usually  s 
made  its  apjwarauce.  From  tiiis  the  x- 
tiiborosities  and  tubercle  are  de- 
veloped, though  sometimes  an  inde- 
[)eudent  centre  for  the  latter  appears 
alwit  the  eleventh  or  twelfth  years, 
rapidly  joining  with  tiie  already  well- 
developed  mass  of  the  rest  of  the 
•jpijdiysis.  (.'omi)lete  fusion  between 
tilt;  sinxTir)r  epijdiysis  and  the  shaft 
I't'siiot  take  j)lace until  the  twentieth 
>rtho  twenty- fourth  year.  The  centre 
'••r  the  lower  articular  surface  and  the 
ntenial  malleolus  makes  its  apj)earauce  about  the  end  of  the  second  year,  and  union 
vith  the  shaft  is  usually  complete  by  the  age  of  eighteen.  Lambertz  notes  the  occasional 
•rest'iuv  of  an  accessory  nucleus  in  the  maljecjlus. 
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The  Fibula. 

The  fibula,  or  peroneal  bone,  is  a  slender  bone  with  two  enlarged  ends.  It  lies 
"  the  outer  side  of  the  tibia,  with  which  it  is  firmly  united  by  ligaments,  ami  nearly 
'pials  that  bune  in  length.    ' 

Tli»'  fn-.-1  dirticulty  which  tin*  :*lu<h;nt  has  to  uvi-rcomc  is  to  delerniine  which  is  the  U])])*-!-  and 
hi<h  the  lower  fxlrcinity  (if  the  hone.  This  can  ejisily  he  done  hy  I•^•cogni^illg  the  fact  that 
'j''i»-  is  a  det'p  j»it  nn  the  inn»*r  a^juM-t  of  the  lower  extremity  inuiKMlialely  iM-hind  the  triangular 
riiMiLiJ  suithcf.  Holding  the  l»oue  vertically  with  the  low«'r  extrnnity  dowiiwaids  and  s(» 
iiii'-'l  ihat  tin'  trian^'ular  articular  area  lies  in  front  of  tin'  notch  alieady  sj»okeii  of,  the 
lin  !itaneon>  iKMi-arlicnlar  ,'isj>ect  of  the  inferior  ••xln-niity  will  ]Hiint  1«»  the  side  to  which  tin- 
in»-  1>  •l<»ng>. 

The  superior  extremity  or  head  (d'  the  tibnla  reapituliim  lilmhe).  of  irregular 
mnded  form,  is  bevelled  on  its  inner  surface  so  as  to  adapt  it  to  tlu^  form  of  the 
inler  surface  of  the  external  tuberosity  of  the  til:)ia.     Al  the  \)OTdeI,^^■\^vn^^  W\\*?. 


surface  Jiecomes  confluent  with  the  outer  aspect  of  the  head,  there  is  a  j 

upstandinij   eminence    calle 
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Styloid  process  (apex  c 
fibuhii) ;  to  this  the  short  cj 
lateral  ligament  is  attach 
well  as  a  piece  of  the  tendon 
biceps,  which  is  inserted  ir 
fore  -  part.  Immediately  t 
inner  side  of  this,  and  occi 
the  summit  of  the  internal  s 
surface,  there  is  an  articula 
(facies  articularis  capituli),  o 
able  size  and  more  or  less  triai 
shape.  This  serves  for  articu 
with  the  external  tuberosity 
tibia.  The  long  external  1 
ligament,  together  with  tl 
mainder  of  the  tendon  of  the 
muscle  which  surrounds  it, 
tached  to  the  outer  and  upp( 
of  the  head  in  front  of  the  s 
process.  In  front  and  behii 
head  there  are  usually  pron 
tubercles.  The  anterior  of 
is  associated  with  the  orij 
the  peroneus  longus  muscle 
posterior,  whilst  furnishin 
origin  for  the  upper  fibres  < 
soleus,  serves  to  deepen  the  g 
behind  the  superior  tibio-i 
articulation,  in  which  the  t 
and  fleshy  part  of  the  pop 
muscle  play.  The  constricte 
tion  of  the  shaft  below  the 
is  often  referred  to  as  the 
around  the  outer  side  of  th 
external  popliteal  nerve  wine 
The  shaft  of  the  fibula  (c 
fibulae)  presents  many  variei 
shape  and  form,  being  ridge 
channelled  in  such  a  way  as  g 
to  increase  the  difficulties  < 
student  in  recognising  the  v 
surfaces  described.  The  moi 
portant  point  is  first  to  dete 
the  position  of  the  intero 
ridge.  Holding  the  bone  i 
position  which  it  normally  oc 
in  the  leg,  it  will  be  noticec 
the  external  surface  of  the 
extremity  is  limited  in  fron 
behind  by  two  lines,  which 
verging  above,  enclose  l>e 
them  a  triangular  subcuta 
area  which  lies  immediately 
the  outer  ankle.  From  the  sv 
of  the  triangle  so  formed  a 
defined  ridge  may  be  traced  up  the  front  of  the  shaft  to  reach  the  anterior 
of  the  head.     This  is  the  anterior*  border,  and  must  not  be  mistaken  for  the 
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Fig.  178.— Ru;ht  Tibia  and  Fibula  as  seen  fkom 
Behikd. 
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Styloid  process 


dge,  which  is  now  easy  to  find,  for  the  next  ridge  which  lies  immediately 

to  the  anterior  border,  or  towards  the  tibial  side 

iterior  aspect  of  the  bone,  is  the  line  to  which 

osseous  membrane  is  attached.     As  a  rule  these         ^*^"  ^^  '"»^*- 

are  separated  by  a  considerable  interval  in  the  ^^j^ 

.If  of  the  bone,  but  tend  to  run  much  closer 
above ;  indeed  it  is  not  uncommon  to  find  that 
esce  to  form  a  single  crest  Let  it  therefore  Ije 
t  the  interosseous  line  is  that  which  lies  im-  n^ck- 

r  internal  to  the  ridge  which  springs  inferiorly 

malleolar  subcutaneous  triangular  surface,  not- 
ling  the  differences  in  width  of  the  surface  which 

the  lines,  or  their  occasional  coalescence  above, 
[.position  of  the  interosseous  ridge  enables  us  at 
separate  the  flexor  aspect  of  the  bone  from  its 

surface,  using  these  terms  in  relation  to  the 
its  of  the  ankle. 

le  of  these  terms  is  not,  strictly  speaking,  correct,  and 
ere  used  in  a  phy>»iological  and  not  in  a  morphological 
e  anterior  surface  of  the  leg  is  the  true  extensor  suriace, 
iil>arable  with  the  posterior  surface  of  the  forearm,  tlie 
position  having  l)een  brought  alK)ut  developmentally  by 
in  the  rotation  of  the  limbs.  Flexion  of  the  ankle,  so 
in  reality  an  extensor  movement,  and  corresponds  to 
at  the  wrist  (SiHi  Humphry,  Joum.  Anat.  and  Physiol., 
.  p.  15.) 


rNTRROaSEOUB  ftii;>oE- 


rSTEIlOaBB0Ua_ 


ddition,  there  is  the  peroneal  surface,  which 
ids  to  the  outer  side  of  the  shaft.  Starting  then 
nterosseous  ridge,  and  passing  forwards  round 
r  side  of  the  shaft,  the  flexor  surface  is  the  first 
1 ;  this  is  bounded  externally  by  the  anterior 
nd,  as  has  been  said,  may  be  either  of  considerable 
•  almost  linear.  From  this  arises  the  extensor 
is  (ligitorum,  together  with  the  peroneus  tertius 
extensor  proprius  hallucis  muscles,  which,  though 
3  of  the  toes,  are  also  flexors  of  the  ankle. 
anterior  border  serves  for  the  attachment  of  the 
icular    septum,   which   separates   the    foregoing 

muscles  from  tliat  which  lies  along  the  outer 

the  shaft,  viz.  the  peroneus  longus  and  brevis 

The  surface  from  which  these  arise  is  limited 

by  the  iwsterinr  border,  which  is  usually  sharp 

defined  l^elow,  where  it  is  continuous  with  the 
mediately  above  the  pit  on  the  inner  surface  of 
T  extremity,  whilst  it  tends  to  be  less  distinct 
e  rounded  above  where  it  runs  into  the  base  of 
Did  process.  In  its  upi)er  third  or  fourth  this 
s  often  rough  and  tubercular  where  it  serves  for 
in  of  the  soleus.  The  outer  or  peroneal  surface 
vvliat  twisted,  being  directed  rather  forwards 
ut   tending  to  turn  backwards  below  when'^  it 

continuous  with  the  gn)0ve  whicli  courses  along 
:  of  the  external  malleolus  and  which  lodges  the 
of  the  peroneus  longus  and  brevis  muscles.  Thci 
er  of  the  shaft,  included  l)etween  the  posterior 
)e]iind  and  the  intc^rosseous  ridge  in  front  and 
ly,  is  the  extensor  surface,  for  hen*  arLse  tlu; 
muscles  whose  action  in  part  is  to  extend  the  ankle.  This  surface  is 
)y  a  curved  ridge  often  t)ie  most  prominent  and  outstanding  on  W\e  \>o\i^, 
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and  hence  frequently  mistaken  by  the  student  tor  the  interosseous  ridge ;  it  serve 
to  define  the  area  for  tlie  origin  of  the  tibialis  posticus,  and  arises  lielow  from  th 
posterior  border  of  the  interosseous  ridge  at  the  junction  of  the  middle  and  inferia 
thirds  of  the  shaft,  curves  a  little  backwards,  and  passing  upwards  and  obliquelj 
forwards  again  joins  the  interosseous  ridge  once  more  in  the  region  of  the  neck 
This  is  oftentimes  called  the  internal  border  (crista  medialis) ;  and  the  surface  « 
mapped  off,  the  internal  surface.  The  ridge  itself  serves  for  the  attachmenl 
of  the  aponeurosis  which  covers  the  tibialis  posticus  muscle.  The  remainder  ol 
the  extensor  aspect  of  the  shaft,  which,  above,  is  directed  backwards,  is  so  twistd 
that  inleriorly  it  is  directed  inwards.  From  this,  in  its  upper  part,  the  solev 
muscle  arises ;  whilst  lower  down,  the  flexor  longus  halhicis  muscle  derives  ai 
extensive  origin,  l^oth  of  these  muscles,  together  with  the  tibialis  posticus,  actai 
extensors  of  the  ankle.  On  this  aspect  of  the  bone,  at  or  near  the  middle  of  ths 
shaft,  and  just  beliind  the  prominent  tibial  ridge,  is  the  opening  of  the  nutrient 
canal,  whicli  lias  a  downward  direction. 

The  inferior  extremity  of  the  iibula,  or  external  malleolus  (mulleolus  lateralis); 
is  of  pyramidal  form.  Its  inner  surface  is  furnished  with  a  triangular  articultf 
area  (facies  articularis  malleoli),  plane  from  })efore  backwards,  and  slightly  convex 
from  above  downwards,  which  articulates  with  a  corresponding  surface  on  the  outtf 
side  of  the  body  of  the  astragalus.  Behind  this  there  is  a  deep  pit,  to  which  the 
posterior  fasciculus  of  the  external  lateral  ligament  is  attached.  Above  the 
articular  facet  there  is  a  rough  triangular  area  on  the  extensor  surface  of  the  shafts 
from  the  summit  of  which  the  interosseous  ridge  arises ;  hereto  are  attached  tli0 
strong  fibres  of  the  inferior  interosseous  ligament  which  binds  together  the  opposed 
surfaces  of  the  tibia  and  fibula.  The  external  surface  of  the  inferior  extremitj 
forms  the  elevation  of  the  external  malleolus  which  determines  the  shape  of  the 
projection  of  the  outer  ankle.  Hounded  from  side  to  side  and  from  above  down- 
wards, it  terminates  below  in  a  pointed  process,  which  reaches  a  lower  level  than 
the  corresponding  process  of  the  tibia,  from  which  it  also  differs  in  being  narrower 
and  more  pointed  and  l^eing  placed  in  a  plane  nearer  the  heel.  Superiorly,  this 
surface,  which  is  subcutaneous,  is  continuous  with  the  triangular  subcutaneous  arei 
so  clearly  defined  by  the  convergence  above  of  the  lines  which  unite  to  form  the 
anterior  border.  The  anterior  border  and  tip  of  the  external  malleolus  furnieh 
attachments  to  the  anterior  and  middle  bands  of  the  external  lateral  ligament  of 
the  ankle.  The  posterior  surface  of  the  external  malleolus,  broad  above,  where 
it  is  confluent  with  the  peroneal  or  external  surface,  is  reduced  in  width  below 
})y  the  presence  of  the  pit  which  lies  to  its  inner  side.  This  a8i)ect  of  the 
bone  is  grooved  (sulcus  malleolaris)  by  the  tendons  of  the  peroneus  longus  and 
brevis  muscles,  which  curve  round  the  posterior  and  lower-iK)inted  aspect  of  the 
malleolus.  The  proportionate  length  of  the  fibula  to  the  body  height  is  as  1  is  tc 
4-37-4-82. 

Arterial  Foramina. — Nunienms  miinite  vascular  canals  aiv  seen  niercinc  tlie  outer  surface  o 
the  head,  and  one  or  two  of  larger  size  are  seen  on  the  inner  surface  nuniediately  in  fnmt  of  ill' 
superior  articular  facet.  The  canal  for  the  nutrient  artery  of  the  shaft,  which  has  a  downwar 
direction,  is  situated  on  the  ])ack  of  the  lx)ne  about  its  niicfdle.  The  outer  surface  of  the  extern 
malleolus  displays  the  ojyeninga  of  many  small  canals,  and  one  or  two  larger  o])ening8  are  to^ 
noted  at  the  Ixittom  of  the  pit  iKihind  the  inferior  articular  surface. 

Connexions. — The  liead  and  extental  malleolus,  and  part  of  the  sliaft  immediately  above  ^ 
latter,  are  subcutaneous.  The  remainder  of  the  shaft  is  covered  on  all  sides  by  the  muscles  wl» 
surround  it  Sujwriorly  the  Iwne  plays  no  jMirt  in  the  formation  of  the  knee-joint,  hut  inferit^ 
assists  materially  in  strengthening  the  ankle-joint  by  its  union  with  the  tibia  and  its  articula**- 
with  the  astragalus.  In  i><isiti<m  the  Ixjne  is  not  parallel  to  the  axis  of  the  tibia,  but  obliqii.^ 
it,  its  upper  extremity  lying  j^osterior  and  extenial  to  a  vertical  line  i>as8ing  through  the  exteiT 
malleolus. 

Architecture. — A  mtMluUary  canal  luns  throughout  the  length  of  the  shafts  reaching  as  \m 
as  the  neck  al)ove,  and  extending  as  low  as  a  j)oint  alnmt  2i  inches  above  the  inferior  extreii^ 
of  the  external  malleolus.  The  outer  wall  of  the  shaft  is  usually  considerably  thicker  than 
inner.  The  hea<l  is  formed  of  loose  cellular  Ixnie,  enclosed  within  a  very  thin  dense  enveloj)e.  'J 
spongy  tissue  of  the  lower  extremity  is  more  comi)act,  and  acquires  ccmsiderable  density  on  ^ 
surfaces  underlying  the  articidar  area  and  the  pit  l)eliind  it.  The  canal  for  the  nutrient  arter^'* 
the  shaft  ojwns  into  the  medullary  cavity  about  an  inch  below  its  external  aperture. 
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Appears  about 
8-4  years 


Fuses  with  shaft 
about  20-24  yean 


ion. — The  shaft  begins  tx)  ossify  about  the  middle  of  the  second  month  of 
t  the  end  of  the  third  month  there  is  but  little  difference  in  size  between  it 

axid  at  birth  the  fibula  is  much 
ortion  to  the  size  of  the  tibia  than 

Its  extremities  are  cartilaginous, 
remity  not  being  as  long  as  the 
olar  cartilage  of  the  tibia.     It  is  in 

that  an  ossific  centre  first  appears 
of  the  second  year,  which  increases 
3,  and  unites  with  the  shaft  about 
•8.  The  centre  for  the  superior 
ins  to  ossify  about  the  third  or 
and  union  with  the  shaft  is  not 
il  a  period  somewhat  later  than 
inferior  epiphysis.  The  mode  of 
the  lower  extremity  is  an  exception 

rule  that  epiphyses  which  are  the 
ire  the  last  to  unite  with  the  shaft. 

er  stages  of  development  it  has  been 
autliority  of  Leboiicq,  Gegenbaur 
It  the  fibula  as  well  as  the  tibia  is  in 
e  femur.  This  is,  however,  denied  by 
^roc  Anat.  Soc.,"  Joum.  Anal,  and 
xvi.  p.  22),  who  states  that  after  the 
*  fibula  is  not  in  contact  with  the 
It  prior  to  that  date  it  is  impossible 
»  the  tissue  which  is  to  form  femur 
li  forms  fibula. 

. — The    fibula   may  be  ridged  and 
?markable  manner,  as  is  the  case  in  many  bones  of  prehistoric  races.     This  is 
ated  with  a  greater  or  perhaps  more  active  development  of  the  muscles  attached 

or  articular  facet  varies  much  in  size.     Bennett  {Dublin  Joum.  Med,  5c.,  Aug. 
case  in  which  it  was  double,  and  also  notes  the  occurrence  of  specimens  in  whicn 
nd  in  which  the  head  of  the  bone  did  not  reach  as  high  as  the  tibial  tuberosity, 
uces  of  partial  or  complete  absence  of  the  bone  have  been  published.     (Lef^bre, 
r^tude  ih  I'ahscnce  congSnitah  du  peron4,  Lille,  1895.) 


Appears  about 
2nil  year 


About 
12  years. 

Fio.  180. — Ossification 


At 
birth. 


Fuses  with  shaft 
about  19  years. 

About 
16  years. 


OF  Fibula. 


BOXES  OF  THE  FOOT. 

s  of  the  foot,  twenty-six  in  number,  are  arranged  in  three  groups :  the 
in  numl^r ;  the  metatarsal,  five  in  number ;  the  phalanges,  fourteen 

ig  the  foot  with  tlie  hand,  the  student  will  be  struck  with  the  great  pro- 
'.e  of  the  tarsus  as  compared  with  the  carpus,  and  the  reduction  in  size 
of  the  toes  as  compared  with  the  fingers.  The  size  of  the  metatarsal 
e  nearly  equals  that  of  the  metacarpus. 

The  Tarsus. 

IS  (ossa  tarsi)  consists  of  seven  l>one8 — the  astragalus,  os  calcis,  navi- 
lioid,  three  cuneiforms,  and  the  cul)oid.  Of  irregular  form  and  varying 
y  be  described  as  roughly  cubical,  presenting  for  examination  dorsal 
uiriaces  as  well  as  anterior,  posterior,  internal,  and  external  aspects. 


The  Astragalus. 

3.galus  (talus)  is  the  bono  tlirough  which  the  body  weight  is  trans- 
the  leg  a}>ove  to  the  foot  below.  Superiorly  the  tibia  rests  upon  it, 
ler  side  it  articulates  with  the  internal  and  external  malleolar  processes 
nd  fibula  respectively  ;  inferiorly  it  overlies  the  os  calcis,  and  anteriorly 
with  the  navicular.  For  descri])tive  purx)Oses  the  bone  is  divisible  into 
the  body  (corpus  tali)  l>lend»^(.l  in  front  with  the  neck  (collum  tali), 
•ts  the  head  (caput  tali). 


240 


OSTEOLOGY. 


Oa  rALt'Ki 


CuKitri 


The  v^pper  surf  act  of  the  body  is  provided  with  a  saddle-sliaped  articular  s 
(trochlea  tali),  broader  in  front  than  behind,  for  articulation  with  the  under  s 
of  the  tibia.  The  inner  edge  of  the  trochlea  is  straight ;  whilst  the  outer  b 
which  is  shaq>  in  front  and  more  rounded  behind,  is  curved  inwards  postei 

where  it  is  bevel 
form  a  narrow, 
gated,  triangular 
which  is  in  contac 
the  transverse  c 
ferior  tibio-filniiai 
ment  during  flex: 
the  ankle  (Fawcet 
Mtd,  Journey  ] 
Over  the  outer  \ 
the  cartilage  -  co 
surface  is  contii 
externally  with  a 
tensive  area  of  the 
of  a  quadrant.  1 
concave  from  i 
downwards,  and  a 
lates  with  the 
surface  of  the  fi 
malleolus.  The  in 
angle  of  this  ai 
prominent  and  i 
what  everted,  and  i 
times  referred  to  i 
external  process  (p 
sus  lateralis  t^ili). 
inner  aspect  of  tht 
has  a  comma-sl 
facet,  confluent 
the  superior  arti 
surface,  over  the 
edge  of  the  troc 
this  articulates 
the  outer  surface  < 
tibial  malleolua 
ferior  to  this  fac< 
bone  is  rough  and] 
l)y  numerous 
openings,andjust 
the  tail  of  the  c( 
there  is  a  circula 
pression  for  the  at 
ment  of  the  deep 
of  the  internal  1 
ligament.  On  tl 
ferior  surface  o\ 
body  there  is  a 
concave  facet, 
the  posterior  calc 
flBMset    (facies    cal 

articularis  posterior),  which  is  of  more  or  less  oval  or  oblong  form  and  is  \ 
obliquely  from  behind  forwards  and  outwards;  this  rests  upon  a  correspo 
surface  on  the  upper  aspect  of  the  os  calcis.  In  front  of  this,  and  crossin 
bone  from  within  outwards  and  forwards,  is  a  deep  farrow  (sulcus  tali),  the  fl 
which  is  pierced  by  numerous  large  canals.     It  serves  for  the  attachment  c 


V.  MCTATAaKAL 


Third  ok  terminal  phalanx 
Fk;.   181.— Bones  op  the  Right  Foot  as  seen  from  Above. 
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mg  interoeaeoua  ligament  which  unites  the  astragalus  with  the  os  calcis,  and 
urates  the  facet  already  described  from  a  smaller  oval  articular  area  having  a 
htly  convex  surface,  which  lies  immediately  in  front  of  it.  This  is  called  the 
Idle  cmkftneaa  fitcet  (facies  articularis  calcanea  media),  and  articulates  with  the 
per  surfjGM^e  of  the 
itentaculum    tali 

the  OB  calcis. 
eteriorly  the  body 
provided  with  two 
bercles,  separated 
•  a  groove;  the 
Ltemal  of  these 
»TOoessu8  posterior 
li)  is  usually  the 
rger,  and  is  occa- 
onally  a  separate 
BJcle  (ostrigonum). 
o  it  is  attached  the 
«terior  fasciculus 
the  external 
tend  ligament  of 
e  ankle-joint.  The 
oove,  which  winds 
iliquely  from  above 
nmwaitls  and  in- 
irds  over  the  pos- 
lior  surface  of  the 
me,  lodges  the 
luion  of  the  flexor 
»ngus  hallucis 
iQScle. 

The  head  (caput 
ili),  of  oval  form,  is 
irected  forwards 
ad  inwards.  Its 
at^rior  surface  is 
mvex  from  side  to 
lie  and  from  above 
)wnwards,  and  ar- 
cnlattis  with  the 
avicular  bone 
acies  articularis 
ivicularis).  In  - 
riorly  this  surface 
Cdiiflueut  with  the 
iddle  calcanean 
'^t,  but  in  well- 
arked    sjicciniens, 

when  the  bones 
e  articulated,  it 
11  be  seen  that  a 
lall  area  in  front 

and  external  to, 
e  middle  calcanean 
:et  rests  upon  an  articular  surfaces  on  the  upper  part  of  the  fore  portion  of  the 

calcis,  and  is  called  the  anterior  calcanean  facet  (facies  articularis  calcanea 
iterior).  To  the  inner  and  under  surface  of  the  head  there  is  a  cartilage-coverc^d 
rlace  which  does  not  articulate  with  any  bone,  but  rests  on  the  upper  surface 

the    inferior   calcaneo- navicular    ligament,   and    is   supported   on   \i\\^   Vu\\<et 
17 
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Third  or  tkrminai.  imiai-anx 
Fig.  182. — Hones  of  the  Right  F(k)t  as  skkn  khom  Below. 
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side  by  the  tendon  of  the    tibialis   poeticus  muscle   (Fawcett,  Ed.    Med.   Jour 
1895,  p.  987). 


Fig.  188.— The  Kiqht  Astragalus. 


A.   Upper  Surface. 


B.   Uiuler  Surface. 


.  Groove  tor  yup.x.  lono.  hallucis. 

.  ixtkrnalturehclb. 

.  Trochlear  !!*urfack  por  tibia. 

.  Body. 

.  For  articulation  with  intrrnal 

malleoluh. 
.  Head. 

.  FORARTICULATION  with  NAVICULAR. 

Neck. 


9.  For  articulation  with  external 
malleolus. 

10.  Surface  aoainst  which  the 
inferior  Tibio-riBULAR  liga- 
ment rests. 

U.  External  tubercle. 

12.  External  tubercle. 

18.  PocrrERiOR,  middle,  AND  anterior 

FACETH  for  OS  CALCIS. 


with   vau 


14.  For   articulation 

CULAR. 

15.  Surface   rbbtiko   on   infeeioi 

calcanbo -navicular      u(u 

MENT. 

]((.  Interosseous  OROOVK. 

17.  Internal  tubercle. 

18.  Groove     por     flkxor     lowic 

hallucis. 


The  neck  (colliim  tali),  best  seen  above,  passes  from  the  front  of  the  body  an( 
inclines  towards  the  inner  side.     It  is  confluent  with  the  inner  surface  in  front  o 


Fio.  184.— Thk  Right  Astrac;ahts. 


A.  As  seen  from  the  Outer  Side. 


External  tuherci.f.. 

Groove     »oh     flexor     i.osous 

liALMrtriw. 
Internal  xrBEKfLE. 

Si'RFACE  AfJAINST  WHICH  THE 
INFERIOR  TlBIO-FIBrLAR  LHJA- 
MKNT  RK8T8. 

Tr<X'IILEA    fob   TIBIA. 

For  ARTICULATION  WITH 
EXTERNAL  MALLEOLI**. 

Neck.  «.  Head. 

Fob      articulation      with 

NAVICULAR. 


B.  As  Reen  from  tlie  Inner  Side. 


10. 

InTEROS«EOI.'8  ORt>OVE. 

18. 

For  articulation  WITH  Inter> 

u. 

Anterior       middle,       and 

malleolus. 

KWTERIOR      facets        FOR        OS 

ll>. 

Body. 

CALCIS. 

20. 

Impression        for        ixtf.wi 

12. 

Body. 

LATERAL  LIGAMENT. 

13. 

Si'RFACE    RE8TIMJ     ON     INTERNAL 

21. 

Internal  tubercle. 

calcanko-navhtlar       lh;a- 

22. 

(JROOVE       FOR       flexor      I>>X« 

MENT. 

HALLUCIS. 

14. 

For    articulation   with    navi- 

28. 

External  TtTBP.RCLB. 

CUIJIR. 

24. 

Intkrorhkouh  oroovb. 

i:*. 

Head. 

2o. 

Posterior  and  middle    faci 

Irt. 

Neck. 

FOR  OS  CALCIS. 

17. 

Trochlea  for  tibia. 

the  internal  malleolar  facet,  and  externally  forms  a  wide  groove,  which  becom 
continuous  inferiorly  with  the  outer  end  of  the  interosseous  groove. 
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iatioflis. — ^The  anterior  is  ttuiuetimeH  separated  from  the  middle  calcauean  facet  by  a  non- 
r  furrow.  The  ooeterior  external  tubercle,  often  largely  developtnl,  is  occasionally  (2*6 
)  a  separate  ossicle  forming  what  is  known  as  the  os  trigonum  (Bardelel)en) ;  or  it  may  be 
o  the  Dody  of  the  astragalus  bv  a  distinct  synchondrosis.  A  smooth  articular  surface  may 
ally  be  found  on  the  outer  side  of  the  upper  surface  of  the  neck.  This  is  a  pressure  facet 
>nt  on  the  frequent  use  of  the  ankle-joint  in  a  condition  of  extreme  flexion,  and  is  caused 
)ppoBition  of  tne  bone  against  the  anterior  edge  of  the  lower  end  of  the  tibia, 
a  detailed  study  of  the  varieties  of  this  bone,  see  R.  B.  S.  Sewell  (Journ.  Anat.  and  Physiol, 
:viiL) 

The  Os  Calcis. 

e  08  cakna  (calcaneus)  is  the  largest  of  the  tarsal  bones.     It  supports  the 

ftlus  above  and  articulates  with  the  cuboid  in  front.     Inferiorly  and  behind,  its 

ior  extremity  or  tuberosity  forms  the  lieei  on  which  so  large  a  proportion  of 

dy  weight  rests.     The  long  axis  of  the  bone  inclines  forwards  and  a  Uttle 

rds. 

le  upper  surface  of  the  os  calcis  is  divisible  into  two  parts — a  posterior  non- 


CuBoin 


('UBOID 


f^urfai'i?  for 
attAnhmrnt 
ot  abort 


CCELUll 
GhOOVK  roR 

HALlUCia 


or  lorjg 
pUuitar  Ugft- 


TrBKROSITV 

:85.— The  Riwht  Os  Cvums  .\>  sbbn 
from  above 


TriiEHOSITY 

Vui.   l}St).    -The  Uicht  Os  Caixim  as  seen 

KKOM    DEI.OW. 


lar  part  and  an  anterior  articular  portion.  The  lenj^tli  of  the  former  varies 
ing  to  the  projection  of  the  heel ;  rounded  from  side  to  sidt*,  it  is  slightly  con- 
rorn  before  backwards.  In  fionl  of  tliis  thea-e  is  a  convt'x  articular  arcii  of 
le  sha^H^  (facit'S  articularis  posterior),  sometimes  nearly  circular,  at  other  times 
nd  occasionally  almost  lrianL!:ular.  This  is  diroctcd  upwards  and  forwards, 
ticulat^s  with  the  ])ostcrior  calcancau  facet  on  the  under  surface  of  the  astra- 
Auturior  to  this  fact  the  bone  is  dee])ly  cxcuivated,  forming  a  fossa  from 

a  gfroove  (sulcus  calcanei)  leads  backwards  and  inwards  around  the  antero- 
al  border  of  the  articular  surface.  When  the  os  calcis  is  ])laced  in  contact 
:he  astrai^alus,  this  groove  coincides  with  the  sulcus  on  the  under  surface  of 
:ter  bone,  and  so  forms  a  canal  or  tunnid  (sinus  tarsi)  in  which  the  strong 
-seous  ligament  whi(-h  unites  thi^  I  wo  ])Oues  is  lodged.  To  the  front  and  inner 
f  this  groove  there  is  an  elongated  articular  facet  directed  oldiquely  from 
I  forwards  and  outwards,  and  concave  in  the  direction  of  its  long  axis.  This 
uently  divided  into  two  smaUer  oval  areas  ]»y  an  intermediate  non-articular 
f.  Of  these  facets  the  hinder  (facies  articularis  media)  articulates  with  the 
'  calcanean  facet  on  thi^  under  surface  of  the  astragalus,  wliilst  the  anterior 

articularis  anterior)  sup])orts  t\w  undtir  surface  of  the  head  of  the  astragalus 
;  articularis  Cixlcanei  anterior).     The  outer  side  of  the  upper  aurfae^  oil  \Jftft 
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Facets  for  astragalus 


ifTKRiOMaGott 
rihooVK 


anterior  extremity  of  the  bone  is  rough,  and  hereto  is  attached  the  origin 
short  extensor  muscle  of  the  toes. 

The  inferior  surface  of  the  bone  is  slightly  concave  from  before  backward 
convex  from  side  to  side.  The  under  aspect  of  the  tuberosity  is  provided  wit 
tubercles,  an  inner  (processus  medialis  tuberis  calcanei)  and  an  outer  (pre 
lateralis  tuberis  calcanei),  of  which  the  former  is  the  larger.  From  this  the 
flexor  of  the  toes  and  the  abductor  hallucis  muscle  arise,  whilst  from  both  tul 
ppring  the  fibres  of  origin  of  the  abductor  minimi  digiti  muscle.  On  the  for 
of  the  under  surface  there  is  an  elevated  elongated  tubercle,  which  term 
somewhat  abruptly  just  behind  the  anterior  border  of  this  aspect  of  the 

giving  rise  at  times  to  a 
From  the  former  sprin 
fibres  of  the  long  plantai 
ment,  whilst  the  latter 
for  the  attachment  of  the  ( 
fibres  of  the  short  plantar 
ment.  The  two  heads  of 
of  the  flexor  accessorius  d 
arise  from  the  bone  on 
side  uf  the  long  plantar 
ment.  The  internal  surj 
the  OS  calcis  is  crosses 
liquely,  from  above  down 
and  forwards,  by  a  broad  j 
of  considerable  depth; 
this  pass  many  of  the  strm 
which  enter  the  sole  of  th 
from  the  back  of  the  leg. 
groove  is  overhung  in  froi 
above  by  a  projecting  bn 
like  process,  called  the  s" 
tacnlam  tali,  or  lesser  pi 
The  under  surface  of  th< 
tentaculum  is  channeUed 
groove,  in  which  is  lodged  tl 
don  of  the  flexor  longus  hi 
muscle ;  whilst  its  inner  b 
to  which  is  attached  a  p 
the  internal  lateral  ligam 
the  ankle,  is  overlain  by  t 
of  the  flexor  longus  digit 
To  the  anterior  border  c 
sustentaculum  is  attache 
inferior  calcaneo-naviculai 
ment,  and  placed  on  its 
surface  is  the  articular 
already  alluded  to  (facies  a 


£jCTSKlf  AL  TUUEArLK 


A.  As  seen  from  the  Outer  Side. 


Facets  for  astragalus 


SiwrnilkOOtiiTV 

TALI 


EXTXHHAL  TUB 

B 


tKCLE        1  ?rT£RK  A  L  TfliERCLE: 


B.  As  seen  from  the  Inner  Side. 
Fig.  187.— The  Right  Os  Calcis. 


laris  media).  Posteriorly  the  internal  surface  of  the  bone  is  limited  interiorly  1 
projection  of  the  internal  tubercle,  and  above  by  the  internal  lipped  edge  ( 
tuberosity. 

The  external  surface,  broad  behind  and  narrower  in  front,  is  of  flattened 
Springing  from  it,  just  telow  the  outer  end  of  the  sinus  tarsi,  is  the  peroneal 
(processus  trochlearis),  often  indistinctly  marked.  To  this  the  fibres  of  the  ex 
annular  ligament  are  attached ;  whilst  in  grooves,  above  and  below  it,  pai 
tendons  of  the  peroneus  brevis  and  longus  muscles  respectively.  To  the 
and  back  part  of  this  surface  are  attached  the  fi])res  of  the  middle  fasciculus 
external  lateral  ligament  of  the  ankle. 

The  anterior  extremity y  sometimes  called  the  greater  process,  is  furnished  \ 
saddle-shaped  surface  on  its  anterior  aspect  for  articulation  with  the  cuboid. 
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iet  is  concave  from  above  downwards,  and  slightly  convex  from  side  to  side ;  its 
ges  are  sharply  defined,  except  internally,  and  serve  for  the  attachment  of 
ramenta 

The  posterior  extremity,  called  the  tuberosity  (tuber  caleanei),  forms  the 
rejection  of  the  heeL  Of  oval  form  and  rounded  surface,  it  rests  upon  the  two 
iberdes  inferiorly.  Its  cutaneous  aspect  is  divisible  into  three  areas.  Of  these 
le  highest  is  smooth  and  crescentic,  and  is  covered  by  a  bursa ;  the  intermediate 
I  also  fairly  smooth,  and  is  defined  inferiorly  by  an  irregular  line,  sometimes  a 
efinite  ridge,  the  edges  of  which  are  striated.  Into  this  surface  the  tendo  Achillis 
B  inserted.  The  lowest  surface  is  rough  and  striated,  and  is  confluent  below  with 
he  internal  and  external  tubercles ;  this  is  overlain  by  the  dense  layer  of  tissue 
rhich  forms  the  pad  of  the  heel. 

Vaiiation8. — The  peroneal  tubercle  is  occasionally  unduly  pronjinent,  constituting  the  sub- 
oallt^lar  apoph^-sis  of  Hyrtl,  and  cases  are  recorded  of  the  os  calcis  articulating  with  the 
lavicolar  (Moreetin,  H.,  Bull  de  la  Soc.  Anat.  de  FariSy  1894,  ser.  v.  t  8,  n.  24,  p.  798 ;  and 
^trini,  AtU  del  XL  Congr.  Med.  Intemaz,  Eoma,  1894,  vol.  ii.,  "  Anat"  p.  71).  Pfitzner  (Morpho- 
•yurA«  Arbetfen^  voL  vi.  p.  246)  also  records  the  separation  of  the  sustentaculum  tali  to  form  an 
■  sustentaculL     (See  also  P.  P.  Laidlaw,  Joum.  Anat.  and  FkysioL,  vol.  xxxviii.  p.  133.) 

The  Navicular  Bone. 

The  navicnlar  or  scaphoid  bone  (os  naviculare  pedis),  of  compressed  pyriform 
ihape,  ia  placed  on  the  inner  side  of  the  foot,  between  the  head  of  the  astragalus 
XKteriorly  and  the  three  cuneiform  bones  anteriorly.  The  bone  derives  its  name 
ma  the  oval  or  boat- 

i        J      i_    n  'x.  ■  ■.f^^^TT— ^  Middle  cuneikorm 

iiaped    hollow  on    its  ^r^^^!a|^W  ExTfriNM    ^j^-i^s-i 

nuUrior  surface,  which  j0^y^SSSSk  "" "'  x'iJ^^'*^^*^^  I 

«t8  upon  the  head  of  /i?^^i^i^^^^^^*%       P  d^\        .               ^^  g 

lie    astragalus.       Its  Si-^^^^^^^^K^  IL       ;-  /  \                      .^^  _ 

mUrhr  aspect   is  fur- 

lished  with  a  semilunar 

ffticolar  area,  which  is 

iul»divided  by  two  faint 

Mges  into  three  wedge-  tubkrosity    for  head  ok  ahtraoallm 

ibaited  facets  for  articu- 

lation  from  within  out-  -^  B 

wrdswith  the  internal,  p,,.  iss.-The  Rfoht  Navicul.vu  Bone. 

middle,     and      external  j^   ^^  ^^^^^  fr^^j  behind  ;  B.  As  seen  from  the  Front. 

loneiform  bones.     Su- 

morly  the  surface  of  the  bone,  convex  from  side  to  side,  is  rough  for  the 
ittachment  of  the  ligaments  on  the  dorsal  aspect  of  the  foot.  Tnferiorly  the 
oue  is  irregularly  concave,  and  marked  by  the  attachment  of  the  plantar  liga- 
oents.  The  extei'nal  surface  is  narrow  from  before  backwards,  and  rounded  from 
bove  downwards.  Usually  devoid  of  any  articular  surface,  it  is  occasionally  provided 
fith  a  fiicet  which  rests  upon  a  corresponding  area  on  the  cuboid.  The  iiijier  side 
f  the  lx)ne  projects  ])eyond  the  general  line  of  the  inner  border  of  the  foot,  so  as  to 
)mi  a  thick  rounded  tubercle  (tuberositas  oss.  naviculariis),  the  position  of  which 
an  be  easily  determined  in  the  living.  To  the  inner  and  under  surface  of  this 
recess  an  extensive  portion  of  the  tendon  of  the  tibialis  posticus  muscle  is 
iserted. 

Variations. — Cases  are  recorded  where  the  tubercle  lias  formed  an  independent  ossicle. 

The  Cuneiform   Bones. 

The  cuneiform  bones,  three  in  number,  arc  placed  }»etween  the  navicular 
osteriorly  and  the  bases  of  the  first,  second,  and  third  metatarsal  ]>ones  anteriorly, 
)r  which  reason  they  are  frequently  named  the  first,  second,  and  third  cuneiforms, 
r,  from  their  position,  internal,  middle,  and  external.  More  or  less  wedge-shaped, 
8  their  name  implies,  the  internal  or  first  is  the  largest,  whilst  U\^  \i\\vi<\\vi  ot 
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II.  MirrATAiwAi- 


J.    HCTJirABAAL 


IV.  Ml-ta 

TAEti^AI 


Fig.  189. — Antkrioh  Vikw  of  the  three 
Cuneiform  Bones  ok  the  Rioht  Foot. 


11.  Mm 


MlUDI.K  CI  KEIKORM 


second  is  the  smallest  of  the  group.     C()ml)ine(l,  they  form  a  comi>act  mm 
proximal  surface  of  whicli,  fairly  regular  in  outline,  rests  on  the  anlerior  surf 

the  navicular ;  wliilst  anteriorly  they  form  i 
of  support  for  the  thrive  inner  metatarsal 
outline  of  ^\hich  is  irregular,  owing  to  thi 
of  the  st^cond  metatarsal  bone  being  re< 
between  the  inner  and  outer  cuneiforms 
articulates  with  the  distal  extremity  o 
shorter  middle  cuneiform. 

The  internal  cuneiform  bone  (os  cunei 
primum),  the  largest  of  the  three,  lies  on  the 
border  of  the  foot  between  the  base  of  the 
tarsal  bone  of  the  great  toe  in  front,  and  th 
and  inner  part  of  the  navicular  Ijehind. 
upper,  lower,  and  internal  surfaces  are  conf 
and  form  a  convexity  from  above  down) 
which  is  most  pronounced  inferiorly,  when 
turned  towards  the  plantar  side  of  the  foot.  On  the  fore-part  of  the  inner  i 
of  the  bone  there  is  usually  a  distinct  oval  impn^ssion,  which  indicates  the  si 
of  insertion  of  a  portion  of  the  tendon  of  the  tibialis  anticus  muscle.  Else 
this  surface  is  rough  for  ligamentous  attachments.  The  external  surface  ( 
bone>  quadrilateral 
in  shape,  is  directed 
towards  the  middle 
cuneiform;  but  as 
it  exceeds  it  in 
length,italso  comes 
in  contact  with  the 
inner  side  of  the 
base  of  the  second 
metatarsal  l)one. 
Running  along  the 
posterior  and  upper 
edges  of  this  area 
is  an  I— sha[)ed  ar- 
ticular surface,  the  fore  and  upper  pirt  of  which  is  for  the  base  of  the  i 
metatarsal  bone,  the  remainder  articulating  with  the  inner  side  of  the  i 
cuneiform.  The  non-articular  part  of  this  aspect  of  the  bone  is  rough  f 
att  ichment  of  the  strong  interosseous  ligaments  which  bind  it  to  the  i 
cuneiform  and  second  metatarsal  bones  respectively.     The  posterior  or  im 

end  of  the  bone  is  proWded  with  a 
form  facet  which  fits  on  the  inner  an 
area   of  the   navicular.      AntcHon 

V>  A  h  ^  j^M'i  vertical  diameter  of  the  bone  is  mii 
y^  \  tS^^Ktj  creased,  and  tlie  facet  for  the  base 
\  m/BK/t^i  nietatarsiil  bone  of  the  gre^it  toe  i 
|Jg^^^/j|  sequently  much  larger  than  that  f 
^^SmE^^  navicular.  The  metatarsal  facet  is  l 
^^^^^^!  of  semilunar  form,  but  not  infreq 
II.  mctataksal  -g  J^^^)^.^3  ri'niform   in  shai)e,  and    ii 

some  cases  display  complete  sepii 
into  two  oval  portions. 

The  middle  or  second  cuneifo 
cuneiforme  secundum)  is  of  a  typical  wedge  shape;  shorter  than  the  oti 
lies  iKJtween  them,  articulating  with  the  ba<e  of  tlie  second  metatarsal  in 
and  the  middle  fjicet  on  the  anterior  surface  of  the  luivicular  l>ehind.  Its 
aspect,  which  corresponds  to  tlie  base  of  the  wedge,  conf(^rms  to  the  round 
the  instep,  and  is  slightly  convex  from  side  to  side,  atfording  attachments  i 
dorsal  ligaments.     Its  under  surface  is  narrow  and  tubercular,  forming  th 


rOR  TfJWlXi?* 

or  TturAi.tM- 


FiG.  190.— The  Riuht  Internal 
Cuneiform  (Inner  Side). 


Fifl.  191.— The  Rioht  In- 
Cuneiform  (Outer  Sidi 


II.  Interna  I. 

Metatarhal  cr.vKiroRM 


KXTERNAI.  <-l'NKIVY)RM 


Fi.i.  li*'2.— The  Ukjht 
Middle  CrNKiFousi 
(Inner  Side). 


II.    Ml-rTATAKSAL 

Fin.  193.— The  RuiHT 
Middle  (.'inkifoum 
(Outer  Siiie). 
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)f  the  wedge ;  with  this  the  plantar  ligaments  are  connected.     The  innti^  surface, 
)^iiadrilateral  in  outline,  is  furnished  with  an   f-shaped  articular  area  along  its 
posteTior  and  superior  borders  in  correspondence  with  the  similar  area  on  tlie  outer 
^de  of  the  internal  cuneiform.     The  rest  of  this  aspect  is  rough  for  ligaments. 
The  imt€r  side  displays  a  facet  arranged  along  its  posterior  border,  and  usually 
eomewhat  constricted  in  the  middle ;  this  is  for  the  external  cuneiform.     In  front 
of  this  the  bone  is  rough  for  the  interosseous  ligaments,  which  bind  the  two  bones 
together.     The  proximal  end  is  provided  with  a  triangular  facet  slightly  concave 
firom  above  downwards ;  this  rests  on  the  central  articular  surface  on  the  anterior 
aspect  of  the  navicular.     In  front  the  bone  articulates   by  means  of  a  wedge- 
shaped  facet  with  the  base  of  the  metatarsal  boue  of  the  second  toe. 

The  external  or  third  cnneiform  (os  cuneiforme  tertium)  intei-mediate  in  size 
between  the  first  and  second,  is  also  of  a  typical  wodge  shape.  Its  superior  surface, 
alishtlv  convex  from  side  to  *.  ,.».,. 

Bide,  provides  attachments  for  ■ 

the  dorsal    ligaments.       Its 
ii^erior  or  plantar  aspect  is   ^ 
I  naiTow  and   tubercular,  and   I 
serves  for  the  attachment  of  %^ 
the  plantar    ligaments.      Its  | 
\%ntT  sidt,   of    quadrilateral  ^ 
fonn,  displays    two    narrow 
trticular  strips,  placed  along 
its    anterior     and     T>ostprior       *''^-  I^^.-Riuht  Externai  Fi«.  195.— Riuht  External 

M    anienor     ana     posterior  cuneiform  (inner  aide).  Cuneiform  (Outer  Side). 

taraeis     respectively,     each 

mewhat  constricted  in  the  middle.  The  anterior  articulates  with  the  outer 
iit^  the  base  of  the  second  metatarsal  bone,  the  posterior  with  the  outer  side  of 
tb  middle  cuneiform.  The  rough  non-articular  surface,  which  separates  the  two 
JoBgrtftd  facets,  serves  for  the  attachment  of  ligaments.  The  outer  aspect  of  the 
bone  18  charac tensed  by  a  large  circular  or  oval  facet,  placed  near  its  hinder  border, 
for  irticalation  with  the  cuboid ;  in  front  of  this  the  anterior  border  is  lipped  abuve 
by  a  small  semi-oval  facet  for  articulation  with  the  inner  side  of  the  base  of  the 
foarth  metatarsal  The  rest  of  the  bone  around  and  between  these  facets  is  rough 
for  ligaments.  Proximallj/  the  bone  is  furuished  with  a  triangular  facet  for 
artii  ulation  with  the  outer  wedge-shaped  area  on  the  front  of  the  navicular,  whilst 
iistalli/  it  articulates  with  tlie  base  of  tlie  third  metatarsal  by  a  surface  of  corre- 
spomliug  sliape. 

Variations. — Nuniei-rms  aises  of  division  of  the  intonial  cuneiform  l>oiu.*  into  doi-sal  and 
fUntar  j>artis  have  b^en  recortled  ;  tlie  frequent  division  of  its  inetatai-sal  articular  facet  Is  no 
Joulit  w^>rndat+id  with  this  anomalous  condition.  T.  Dwight  has  described  (Anat.  Anz.,  vol.  xx. 
pL4fi5)  in  two  instances  the  occurrence  of  an  Os  Intercuneiforme.  Tlie  ossicle  so  named  lies  on 
tht^'lorsum  of  the  UxA  at  the  i>roximal  end  of  the  line  of  articulation  betwem  tlic  inttMiial  and 
middlo  cuneiform  Ixmes. 

Thk  Cuboid  Bone. 

Th».^  cuboid  (os  cuboideum)  lies  on  tho  outer  side  of  tii<'  foot,  about  its  middle, 
articulating  with  the  os  calcia  behind  and  th<*  fourth  and  iiftli  niet^itarsal  bones  in 
front.  Its  vppn*  surfw.e,  plane  in  an  antero-postiMior  direction,  is  slightly  rounded 
from  ffich;  to  side,  ;ind  provides  attachuieut  for  ligaments.  Its  plantar  aspect  is 
tniver^ed  obliquely  from  without  inwards  and  forwards  by  a  thick  and  in'oniinent 
ridu'e,  the  ouirr  extremity  of  which,  at  tlie  ])oint  where  it  is  confluent  with  the 
out^r  Hurface,  forms  a  prominent  tubercle  (tuberositas  oss.  cuboidei),  the  anterior 
ami  external  surface  of  which  is  smootli  and  faceti^l  to  allow  of  tlie  play  of 
.1  Sesamoid  bone  which  is  fre([uently  developed  in  the  tendon  of  tln'  ])eroneus 
I'»ngus  muscle.  In  front  of  this  ridge  there  is  a  j^'roove  (sulcus  pcrontei)  in 
which  th-'  tendon  of  the  ])eroneus  longus  muscle  is  Iodised  as  it  ])asses  across  the 
uniler  surface  of  tlie  1>oiim.  Behind  the  ridge  tht^.  bone  is  rouL^h,  and  serves  for 
the  aita'diment  of  tlie  short  plantar  ligament,  the  superficial  til^res  of  which  pass 
forwards  and  are  attached  to  the  summit  of  the  ridge.     The  outer  asprct  (>V  U\vi  W\^ 
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is  short  and  rounded,  and  is  formed  by  the  confluence  of  the  superior  i 
surfaces ;  it  is  more  or  less  notched  by  the  peroneal  groove  which  turn 
lower  edge.  The  internal  surface  of  the  bone  is  the  most  extensive ; 
recognisable  on  account  of  the  presence  of  a  rounded  or  oval  facet  situal 
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small  articular  surface  for  the  navicular,  as  is  the  case  normally  in  the  gc 
behind  and  below  the  projecting  inferior  angle  is  sometimes  provided  v 
on  which  the  head  of  the  astragalus  rests  (Sutton,  "  Proc.  Anat.  Soc./' 
and  Physiol,,  vol.  xxvi.  p.  18).     The  anterior  surface  is  oval  or  conical 
sloping  obliquely  from  within  outwards  and  backwards,  it  is  dividei 
middle  by  a  slight  vertical  ridge  into  two  parts,  the  inner  of  which  artic 
the  base  of  the  fourth  metatarsal  bone,  the  outer  with  that  of  the 
posterior  surface,  also  articular,  has  a  semilunar  outline,  the  convex  marg 
corresponds  to  the  dorsal  roundness  of  the  bone.     The  inferior  external  i 
spends  to  the  tubercle  on  the  outer  border  of  the  bone,  whilst  the  inferi 
angle  forms  a  pointed  projection  which  is  sometimes  called  the  calcane 
The  posterior  surface  articulates  with  the  os  calcis  by  means  of  a  sa< 
facet,  which  is  convex  from  side  to  side,  and  concave  from  above  downw 


Variations. — Blandin  has  recorded  a  case  of  division  of  the  culx)id. 

The  tarsus  as  a  whole  may  be  couvenientl^  described  bls  arranged  in  two  C( 
inner,  corresponding  to  the  inner  border  of  the  loot,  comprising  the  astragalus,  m 
three  cuneiforms,  and  forming  a  l>asc  for  the  support  of  the  three  inner  metatars. 
their  phalanges.  The  outer  column,  formed  by  the  os  calcis  and  cul)oid,  support 
and  firth  metatarsal  bones  t<^ther  with  their  plialanges.  The  suiwirior  surface  of 
portion  of  the  tarsus  detennines  the  side-to-side  roundness  of  the  instep,  whilst  its  i 
forms  arches  in  both  a  transverse  and  longitudinal  direction,  in  which  the  softer  t 
sole  are  lodged,  and  so  protected  from  injiuy. 

Archit^ore  of  the  Bones  of  the  Foot. — A  longitudinal  section  through  th 
bones  of  the  foot  reveals  the  fact  that  the  cancellous  structure  of  each  individual  bone  i 
by  the  stress  to  which  it  is  habitually  subjected.  In  this  connexion  it  is  necessary  t< 
arched  arrangement  of  the  l)one8  of  the  foot,  a  subject  which  is  also  treated  in  the  s 
deals  with  the  Joints.  The  summit  of  the  arch  is  formed  by  the  astragalus,  on  which  n 
Subjected  as  the  astragalus  is  to  a  crushing  strain,  it  is  obvious  that  this  load  must  I 
throughout  the  arch,  of  which  the  os  calcis  is  tlie  posterior  pillar,  whilst  the  heads 
tarsal  bones  constitute  the  anterior  pillar.  It  is  found,  consec^uently,  that  the  lamell 
cellous  tissue  of  the  astragalus  are  arranged  in  two  directions,  wliich  intercross  ai 
below  the  sujHjrior  articular  surface.  01  these  fibres,  some  sweep  backwards  and 
towards  the  j)osterior  calcanean  facet,  beyond  which  they  are  carried  in  the  substa 
calcis  in  a  cur\'ed  and  wavy  manner  in  the  direction  of  the  heel,  where  they  termi 
others,  curving  downwards  and  fon^'ards  from  the  trochlea  of  the  astragalus,  pa.^ 
neck  to  n»ach  the  articular  surface  of  the  head,  th  rough  which  in  like  manner  * 
regarded  as  passing  onwanls  through  the  several  bones  which  constitute  the  anterio 
arch,  thus  accounting  for  the  longitu<linal  striation  as  displayed  in  the  structure 
cular,  cuneiform,  ana  metatarsal  bones.  In  the  os  calcis,  in  addition  to  the  forego 
ment,  another  set  of  curving  fibres  sweep  from  back  to  front  of  the  bone  beneath  th 
pact  tissue  which  forms  its  under  shell.  These  are  obviously  of  advantage  to  prevei 
of  the  bone  when  subjected  to  the  crushing  strain.  In  the  sustentaculum  tali  a 
arrangement  of  fibres  is  evident,  and  the  under  surface  of  the  neck  of  the  astragal 
strengthened  by  lamella;  arranged  vertically. 

In  the  separate  bones  the  investing  envelope  is  thin,  though  under  the  artici 
there  is  a  greater  density,  due  to  the  accession  of  lamellte  lying  parallel  to  the  arti 
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le  stoQteBt  bony  tiasue  in  the  astragalus  is  met  with  in  the  region  of  the  under  surface  of  tlie 
ck,  whilst  in  the  os  calds  the  greatest  density  occurs  along' the  floor  of  the  sinus  tarsL 

Nmnoiical  Vaiiation  in  the  Taxstu. — Increase  in  the  number  of  the  tarsal  elements  may 
t  due  to  the  occurrence  of  division  of  either  the  internal  cuneiform  or  the  cuboid  bone,  or  to 
le  occasional  presence  of  an  os  trigonum.  Cases  of  separation  of  the  tuberosity  of  the  navicular 
me  have  been  recorded,  and  instances  of  supernumerary  ossicles  between  the  internal  cuneiform 
ad  second  metatarsal  bone  have  been  noted  Stieda  mentions  the  occurrence  of  a  small  ossicle 
1  connexion  with  the  articular  surface  on  the  fore  and  upper  part  of  the  os  calcis,  and  Pfitzner 
lOtes  the  occurrence  of  an  os  sustentaculi.  For  further  information  on  the  variations  of  the 
keleton  of  the  foot,  see  Pfitzner  (Morphologische  Arheitm,  voL  vL  p.  245). 

The  possibility  of  an  injury  having  been  the  cause  of  the  occurrence  of  some  of  these  so-called 
npemumerary  ossicles  must  not  be  overlooked.  The  use  of  the  Rontgen  rays  has .  proved  that 
Kcidents  of  tfiis  kind  are  much  more  frequent  than  was  at  first  supposSi. 

The  leduction  in  the  number  of  the  tarsus  is  due  to  the  osseous  union  of  adjacent  l>ones.  In 
many  instances  this  is  undoubtedly  pathological,  but  cases  have  been  noticed  (Le)x)ucq)  of  fusion 
of  the  cartilaginous  elements  of  the  os  calcis  and  astragalus,  and  the  os  calcis  and  navicular 
in  foetuses  of  the  third  month. 

Ossification. — Unlike  the  carpus,  the  tarsus  is  at  birth  partially  ossified.  At  this 
period  there  is  a  well-marked  osseous  nucleus  within  the  body  and  neck  of  the  astragalus, 
aod  the  os  calcis  is  extensively  ossified.  In  the  latter  the  deposition  of  earthy  matter 
ippeaw  as  early  as  the  sixth  month  of  foetal  life,  whilst  in  the  astragalus  the  ossific  centre 
inakes  its  appearance  in  the  later  weeks  of  gestation.     Shortly  before  or  after  birth  the 


Fia  197.— Rauh)«rai»H8  ok  the  F(etal  Foot. 

A.  Between  the  seventh  and  eighth  mouths.     Here  tlie  ossific  nuclei  of  the  os  calcis  au«l  astragalus  are  seen. 
^-  At  birth.     The  centres  of  ossitication  for  the  os  calcis  and  astragalus  are  well  developed,  the  nucleus  for 

the  cuboid  is  quite  distinct,  and  in  this  instance  the  external  cuneiform  is  ahvady  commencing  to  ossify. 

Compare  this  figure  witli  Fig.  155,  in  which  the  carpus  Is  shown  as  still  cartilaginous  at  birth. 

cuboid  begins  to  ossify,  succeeded  early  in  the  first  year  by  the  external  cuneiform,  followed 
in  order  by  the  middle  cuneiform,  internal  cuneiform,  and  navicular.  The  ossific  centre 
jf  the  hitter  appears  at  the  third  year  or  somewhat  later.  An  cjMphysis,  which  forms  a 
:a])  over  the  extremity  of  the  great  tuberosity  of  the  os  ciilcis,  appears  from  the  seventh 
0  tlie  ninth  year,  and  fusion  is  completed  between  the  ages  of  sixteen  and  twenty. 


The  Metatarsus. 

The  metatarsal  bones,  five  in  number,  in  their  gent^ral  configuration  I'eseiuble 
le  metacarpus.     They  are,  however,  slightly  longer,  their  bases  aro.  Y^t^o\iot\»\o\i^\^iV3 
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larger,  their  shafts  more  slender  and  laterally  compressed,  and  their  heads  proper 
tionately  smaller.  They  are  named  numerically  the  first,  second,  third,  fourth,  and 
fifth  metatarsal  bones,  in  order  from  within  outwards.  The  first  can  be  readilj 
recognised  on  account  of  its  stoutness ;  it  is  also  the  shortest  of  the  series.    Hm 

second  is  the  longest  of  the  five,  and  the  fifth  can  easSj 
be  distinguished  by  the  projecting  tul>ercle  at  its  base. 

The  first  metatarsal  or  metatarsal  bone  of  the  gieik 
toe,  the  shortest  of  the  series,  is  remarkable  for  ill 
stoutness.  Its  ba8i»,  where  the  bone  is  provided  with  ft 
reniform  facet  for  articulation  with  the  internal  cwaA. 
form,  is  wider  from  before  backwards  than  from  side  tii 
side.  As  a  rule  there  are  no  facets  on  the  latenl 
aspects  of  the  base.  The  inferior  angle  projects  backwaidl; 
and  outwards,  and  forms  a  prominent  tubercle  which  m 
pitted  for  the  insertion  of  the  tendon  of  the  peroneq|^ 
longus  muscle,  whilst  its  internal  margin  is  lipped  bf  { 
a  surface  for  the  attachment  of  part  of  the  tendon  of  ta; 
tibialis  anticus.  The  shaft,  short,  thick,  and  prismatic  otj 
section,  tapers  rapidly  towards  the  head,  the  fore  and  ante: 
surfaces  of  which  are  articular.  The  former  is  convex  bm 
side  to  side,  and  from  above  downwards,  and  supports  thft: 
proximal  phalanx.  It  is  confluent  below  with  the  infeiiiff! 
articular  surface,  which  is  divided  by  a  median  ridge  into 
two  shallow  grooves,  of  which  the  inner  is  the  wider.  It 
these  grooves  are  lodged  the  two  sesamoid  boues  wbA 
''"r.ZrI:il  o^;«KR,o.?T"°df  i?  the  metatarso-phalangeal  joint.  On  either  rid. 
Foot  (Plantar  Aspect).  of  the  head  the  bone  IS  pitted  for  the  strong  lateral  ligft- 

ments  of  the  joint. 
The  second  metatarsal,  the  longest  of  the  series,  has  a  base  of  wedge-shaped 
form,  the  proximal  aspect  of  which  articulates  with  the  middle  cuneiform.      On  iti 
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inntT  asi)oct,  near  its  superior  edge,  there  is  a  small  circular  facet  for  th 
internal  cuneiform;  below  and  in  front  of  this  there  is  sometimes  a  tubercle  witl 
a  "  pressure "  facet  on  it,  where  the  bone  comes  in  contact  with  the  base  of  th 
first  metatarsal.     On  the  outer  side  of  the  base  there  is  one,  more  usually  two  smal 
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Jets,  each  divided  into  two  parts,  a  posterior  for  articulatiou  with  the  extttriial 

neiform,  and  an  anterior  for  the  base  of  the  tliird  metatarsal.     The  shafts  of  this 

id  the  three  succeeding  bones  are  slender  and  laterally  coinpressed.     The  heads 

e  small  and  narrow,  and  display  a  pronounced  side-to-side  and  vertiwil  convexity. 
The  tliird  metatarsal  bone  also  possesses  a  l:)ase  of  wedge-shaped  form,  the 

roximal  surface  of  which  articulates  with  the  external  cuneiform.     On  its  inner 

de  it  is  provided  with  one,  more  usually  two,  small  facets,  for  articulation  with  the 

ftse  of  the  second  metatarsal.     Externally  the  base  has  a  larger  facet  for  arti(nila- 

ion  with  the  base  of  the  fourth  metatarsal,  more  or   less 

onical  in  outline,  and  having  its  lower  edge  sharply  defined 

iv  a  narrow  groove  which  imderlies  it. 

The  fourtil  metatarsal  has  a  base  more  cubical  in  shape. 

ts  proximal  aspect  articulates  with  the  cuboid,  whilst  iu- 

emally  an  elongated  oval  facet,  divided  by  a  slight  vertical 

idge,  provides  surfaces  for  articulation  with  the  third  meta- 

Aisftl  in  front  and  the  outer  side  of  the  internal  cuneiform 

xhind.     On  the  outer  side  there  is  a  demi-oval  facet,  bearing 

I  slightly  saddle-shaped  surface,  for  articulation  with  the  inner 

tide  of  the  base  of  the  fifth  metatarsal 

The  fifth  metatarsal  can   be  readily  recognised   by  the 

pecaUar  shape  of  its  base,  from  the  outer  side  of  which  there 

projects    backwards    and    outwards    a    prominent    tubercle 

(tuberositas  osa  metacarpi  V.)     To  the  hinder  extremity  of 

this  is  attached  the  tendon  of  the  peroneua  brevis  muscle.    To 

ibi  upper  surface  the  tendon  of  the  peroneus  tertius  is  inserted, 
whilst  its  untler  surface  provides  an  origin  for  the  flexor  brevis 
ninimi  digiti  muscle.  The  inner  surface  of  the  base  is  pro- 
Tided  with  a  demi-oval,  slightly  concave  facet,  for  the  outer  side 
of  the  liase  of  the  fourth  metatarsiil,  whilst  proximally  it 
irticulates  witli  the  cuboid  by  mt^ans  of  a  semicircular  facet. 

Vascnlar  Foramina. — The  canals  for  the  nutrient  ves.selb  (>i>en,  a.s  a  rule,  on  tin*  i)Iantar 
ifiwcuof  the  niid<llc  of  the  shafts  Thow*  of  the  outer  nietatarsalH  ai-e  directed  towanis  the  bases 
of  the  bones,  whilst  that  for  the  nietatars»al  of  the  great  tw  pa.s.'=»es  towai-ds  its  head. 

Architectnra — In  ntructure  and  tlie  arrangenifnt  of  their  lanielhe  thtf  nii-tatai-sal  Wmes 
agree  with  the  metacarpus. 

Variations. — Several  in.«tances  of  ssfparation  of  the  tulKTos^ity  of  the  lifth  nietatai-sal  (os 
Veaaleanum)  have  lx*en  n*coide<I,  whilst  numerous  examples  of  an  oh  internietatai-sum  between 
tie  baaes  of  the  fiivt  and  second  metatarsal  hnws  have  been  ivconied  In'  Gruber  and  others. 
Tbi- tultercle  on  the  bju»e  of  the  lii*st  metataival  for  llie  attachment  of  tlie  ])eroneus  longus  tendon 
I"  ftTca^ionall y  met  with  as  a  s<?parate  ossicle. 

Ossification.  —  In  correspondence  with  the  nnxle  of  ossiticatiun  which  maintains  in 
the  metacarpus,  the  primary  centres  for  the  metaUirsus  appear  as  early  as  the  third 
Diuiith  of  fa^tal  life.  In  the  case  of  the  second,  third,  fourth,  and  tifth,  these  centres 
furnish  the  bases  and  shafts  of  the  hones,  the  heads  bein;^  <h?veloped  from  setrondary 
viitres  whicli  appear  from  two  to  four  years  after  birth,  fusion  with  the  shaft  b(?ing 
l^ually  completcil  abrmt  the  eighteenth  year.  In  strikinj:  contrast  to  this  is  the  mode  of 
►>sitioatinn  of  the  first  met;itarsal.  Krom  its  primary  centre  the  bead  and  shaft  is 
i?.*veloj)cd  ;  tlie  seconthiry  centre  ap])ears  at  its  base  a])out  tlie  sec()n<l  or  third  year,  and 
uses  with  the  shaft  about  eijrbtcen.  In  this  respect,  tberefore,  the  metntai*sal  bone  of 
he  jrroat  toe  resembles  in  its  mode  of  dc.'velopmcnt  the  ]»ludanj^a*s.  Mayet,  however 
/>'///.  Sftr.  An^it.  Paris,  ISOo),  describes  the  <;c(rurrence  of  two  ossitic  centres  in  the 
•fivimal  epiphysis.  These  fuse  early,  and  be  consi<lers  that  the  one  re])resents  the 
iiotatarsal  element,  whilst  the  other  may  be  regarded  as  ])balangeal  in  its  origin. 
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The  Phalan<;es. 

The  phalanges  of  the  toes  (pbahmges  digitoruni  pedis)  ditter  from  those  of  the 
inirers  in  the  striking  reduetion  of  their  size,  and  in  the  case  of  the  bouea  of  the 
:irst  row,  in  tlie  lateral  compression  of  their  shafts.  Kaeh  toe  is  provided  normally 
with  three  phalanges,  except  the  grtjat  toe,  which  has  only  two.  In  their  ^^eneral 
lorilii^Mimtion  and  in  the  arran^emt^nt  of  tlieir  articular  facets  Vhev  \cse\\v\NV.  \Xv^ 
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digital  phalanges,  though,  owing  to  the  reduction  in  their  size,  the  shafts,  p 
larly  those  of  the  second  row,  are  often  so  compressed  longitudinally  as  to  : 
the  bone  to  a  mere  nodule.  The  proximal  end  of  « 
the  bones  of  the  first  row  is  proportionately  large,  t 
provided  with  a  simple  hollow  in  which  the  heaid  < 
metatarsal  bone  rests ;  the  distal  ends  are  furnished 
condyloid  surfaces.  The  proximal  extremities  of  the  £ 
row  are  each  provided  with  two  small  concavities,  sep 
by  a  slight  ridge  for  articulation  with  the  condyles  < 
first  row.  The  joint  between  the  second  and  thin 
displays  the  same  arrangement — the  third,  termii 
ungual  phalanx,  being  easily  distinguished  by  the  sp 
shaped  surface  at  its  extremity  on  which  the  bed  of  th 
is  supported. 

The  phalanges  of  the  great  toe,  two  in  number, 
from  the  others  in  their  size  and  length.  Into  the  I 
the  first  phalanx  are  inserted  the  short  muscles  ( 
great  toe,  whilst  the  second  phalanx  receives  o 
plantar  aspect  the  insertion  of  the  flexor  longus  hi 
muscle,  the  tendon  of  the  extensor  longus  haUucis 
inserted  into  the  dorsal  aspect. 

Metataraal 
Flo.  201.— The  Phalanges    *     Architecture. — In   their  general   structure   they   resemb 

OF    THE    Toes    (Dorsal   bones  of  the  fingers. 

Aspect).  Variations. — It  is  not  uncommon  to  meet   with   fusion 

second  and  third  phalanges,  particularly  in  the  fifth,  less  fre< 
in  the  fourth,  and  occasionally  in  the  second  and  thinl  toes.  The  union  of  the  pha 
elements  has  been  observed  in  the  foetus  as  well  as  the  adult  (Pfitzner).  The  propor 
length  of  the  phalanges  varies  much ;  in  some  cases  the  ungual  phalanges  are  of  fair  s 
bones  of  the  second  row  l)eing  mere  nodules,  whilst  in  other  instances  the  reduction  in  siw 
terminal  phalanges  is  most  marked. 

Ossification. — E^wsh  phalanx  is  developed  from  two  centres — one  primary  f 
shaft  and  distal  extremity,  the 
other  for  the  epiphysis  on  the 
proximal  end.  The  primary  cen- 
tres for  the  ungual  phalanges  arc 
the  first  to  appear,  commencing 
to  ossify  from  the  eleventh  to  the 
twelfth  week  of  foetal  life.  The 
centre  for  the  ungual  phalanx  of 
the  great  toe  makes  its  appearance 
before  that  of  its  corresponding 
metatarsal  bone.  The  primary 
centres  for  the  phalanges  of  the 

first  row  appear  from  the  four-      ad  \j 

teenth    to    the   sixteenth   week.  ^'^"-  202. 

The  primary  centres  for  the  A.  AlKJUt  the  end  of  the  third  month.  The  primary  centi 
middle  phalanges  of    the  second  the   metacarpus   are   shown   as   well    as  the  centres 

,^..^,    ^     °,       .       ^  .-  phalanges  of  the  great  toe  and  the  terminal  phalan: 

and  third  toes   begm   to   ossify  third  toe. 

about  the  sixth  month,  those  for  B.»  A  little  later.  Tlie  centres  for  the  terminal  phalange 
the  fourth  and  fifth  toes  not  till  four  inner  toes  are  seen,  as  well  as  the  centres  for 

later— the    shaft   of    the    middle  „        phalanges  of  the  great  and  second  toe. 

,    ,  u  ^u      f       i.1     .        v  •  <-•  About  the   fourth   month.     The  centres  for  all   the 

phalanx  of  the   fourth   toe   bemg  phalanges  as  well  as  those  of  the  first  row  are  well  oss 

frequently  cartilaginous  at  birth,  d.  AVwut  the  fifth  month.  In  this  the  centre  for  the 
the  normal  condition   in  the  case  phalanx  of  the  second  toe  has  already  ma*le  its  appear 

of  the  fifth  toe  (Lambertz),       The        *  This  specimen  displavH  the  occurrence  of  anomalous  centres  w 
,         .    1  ^  J  J.  V.      •       tarsus  the  Hignittcance  of  which  in  not  apparent    The  appearance  f 

proxmial   epiphyses   do  not   begin    to  any  defect  in  the  plate  but  recurred  in  repeated  skiographs. 

to  ossify  until  about  the  fourth 

year,  and  are  usually  fused  with  the  diaphyses  about  the  age  of  sixteen  or  ei^ 
Union  between  the  shafts  and  epiphyses  of  the  first  row  precedes  that  of  the  seoo 
third  rows. 
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Sesamoid  Bones. 

As  in  the  hand,  amall  independent  nodules  of  bone,  called  sesamoid  bones,  are  met 
h  in  the  ligaments  and  tendons  of  the  foot.  The  most  constant  of  these  are  found  in 
inexiou  with  the  metatarso-phalangeal  articulation  of  the  great  toe,  where  they  lie  in 
oves  on  the  under  surface  of  the  head  of  the  metatarsal  bone  in  connexion  with  the 
kdons  of  the  short  muscles  of  the  great  toe.  Small  osseous  nodules  occupying  a 
Tesponding  position  are  occasionally  met  with  in  the  other  toes,  and  instances  have 
en  recorded  of  like  ossicles  occurring  on  the  plantar  aspect  of  the  interphalangeal  joint 
the  great  toe. 

Ad  osseous  nodule  is  not  infrequently  met  with  in  the  tendon  of  the  peroneus  longus 
it  turns  round  the  outer  border  of  the  foot  to  lie  in  the  groove  on  the  under  surface  of 
e  cuboid. 

MORPHOLOGY  OF  LIMBS. 

Development  and  Morphology  of  the  Appendicular  Skeleton. 

The  paired  limbs  first  appear  in  the  human  embryo  about  the  third  week  as  small  buds  on 
ther  side  of  the  cephalic  and  caudal  ends  of  the  trunk.  That  these  outgi*owths  are  derived  from 
Itrse  number  of  trunk  segments  is  assumed  on  the  ground  that  they  are  supplied  by  a  corre- 
iCHidijig  number  of  segmental  nerves,  and  the  circumstance  that  they  are  more  particularly 
Bociated  with  the  ventral  offsets  of  these  nerves  would  point  to  the  conclusion  that  they  belong 
ther  to  the  ventral  than  the  dorsal  siu-face  of  the  body. 

At  first  the  surfaces  of  these  limb  buds  are  so  disposed  as  to  be  directed  ventrally  and  doi-sally, 
le  ventral  aspect  corresponding  to  the  future  flexor  surface  of  tlie  limb,  the  dorsal  to  the  ex- 
naor  side.  At  the  same  time,  the  borders  are  directed  headwards  (pre-axial),  and  tailwards 
ofit-axial).  As  the  limbs  grow,  they  soon  display  evidence  of  division  into  segments  correspond- 
g  to  the  hand  and  foot,  forearm  and  leg,  upper  arm  and  thigh.  Coincident  with  this  (about  the 
oond  month)  the  cartilaginous  framework  of  the  limb  is  being  differentiated.  The  disposition 
the^e  cartilages  furnishes  a  clue  to  their  homologies.  In  the  fore  limb  the  radius  and  thumb 
fi  akmg  the  pre-axial  borders,  and  correspond  to  tiie  tibia  and  great  toe,  which  are  similarly  dis- 
leed  in  the  hind  limb  ;  whilst  the  ulna  and  fifth  finger  are  homologous  with  the  fibula  and  fifth 
e,  which  are  in  like  manner  arranged  in  relation  to  the  posterior  (post-axial)  border  of  their 
^tive  limbs.  Up  to  this  time  the  limbs  are  directed  obliquely  ventral  wards  from  the  head 
virds  the  tail-end  of  the  embrya  During  the  third  month,  however,  a  change  in  their  posi- 
m  takes  place,  owing  to  their  axes  being  rotat^^d  in  opposite  directions.  The  fore  limb  is 
ined  outwards  and  fon^-ards  to  the  extent  of  90*,  whilst  the  lower  hind  limb  is  twisted  inwards 
id  backwards  to  a  corresj)onding  degree.  This  gives  ri-^e  to  a  change  in  the  disposition  of  the 
tail  of  the  flexor  and  extensor  surfaces.  The  flexor  surface  of  the  elbow  is  now  directed  for- 
lld%  whilst  the  corresi>onding  aspect  of  the  knee  is  turned  backwards,  and  in  consequence  the 
ml  or  extensor  aspect  of  the  fore  limb  is  posterior,  whilst  the  doi-sal  or  extensor  aspect  of  the 
id  limb  has  become  anterior.  Corresj)onaingly,  the  pre-axial  lx)rder  of  the  fore  limb  with  the 
■nb  now  lies  external,  whilst  the  pre-axial  border  of  the  hind  limb  with  the  great  toe  lias 
eome  intemaL  A  knowledge  of  these  changes  is  necessarv  to  account  for  the  homologies  of  the 
lioos  structures  within  the  limb.  In  the  axial  mesoJerni  of  each  meralxr,  differentiation 
to  cartilaginous  segments  begins  about  the  second  month  ;  each  of  tlie^e  cartilages  becomes  in- 
sted  by  a  perichondria!  layer  which  stretches  from  segment  to  segment,  and  ultimately  forms 
e  ligaments  surrounding  the  joint,s,  which  are  subsequently  developed  between  the  segments, 
ionarification  first  begins  in  the  basal  part  of  the  liniu,  and  extends  towards  the  digits.  In  the 
•I*r  arm  and  thigh  tTie  humerus  and  femur  are  homodvnamous.  In  the  forearm  and  leg  the 
^-axial  radius  corresponds  with  the  pre-axial  tibia,  and  tlie  j)ost -axial  ulna  with  the  post-axial 
)ula.  The  homo^lynaniy  of  the  oarj)al  and  tai-sal  elements  may  be  tabularly  expressed,  and 
nipared  with  the  more  generalised  types  from  which  they  are  evolved. 

Type.  Hhu«1.  Foot. 

Radiale  (Tibiale)  =Scaj)lioid  (l^ody)  =  Astragalus. 

Intermedium  =  Semilunar  =  Absent,  or  Os  trigonum  (?) 

Ulnare  (Fibulare)         =  Cuneiform  =OsCalc.is. 

Centrale  =  Absent,  or  Tubercle  on  Scaphoid  =  Navicular. 

Carjiale  (Tarsale),  i.      —Trapezium  =  Internal  Cuueiiorm. 

Carpale  (Tarsale),  ii.     —Trapezoid  ^Middle  Cuneiform. 

Car]»ale  (Tai-sale),  iii.   =0s  Slagniun  =  External  Cuneiform. 

Carpale  (Tarsale),  i v.  j  ^  ^^^.i^^,,,,  ^  Cuboid. 

Cari>ale  (Tarsale),  v.  j 

The  pisiform  is  omitted  from  the  above  table,  since  it  is  now  generally  i-egai-ded  as  being  a 
i5«tig(.' of  an  additional  digit  ])laced  post-axial  to  the  little  finger  (digitus  post-minimus).  Its 
'Jiiiologue  in  the  foot  is  by  some  considered  as  fiused  with  the  os  calcis.  Similarly,  on  the  j)re- 
xial  border  of  the  hand  and  foot,  vestiges  oi  a  suppressed  digit  (i)repollex  and  \)i>iViaA\u^)  \\i\i.^ 
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occasionally  be  met  with.  The  frequent  occurrena^  of  an  increase  in  the  numl>er  of  (iipts  mtidi 
to  indicate  that  phylogenetically  the  number  of  digits  was  great<;r  than  at  present,  and  included! 
prepollex  or  prehaUux,  and  a  digitus  poet-minimus.  The  correspondence  of  the  metacarpus  witk 
the  metatarsus  and  the  phalanges  of  the  fingers  with  those  of  the  toes  is  so  obvious  that  it  it 
sufficient  merely  to  mention  it. 

The  differences  in  size,  form,  anrl  disposition  of  tlie  skeletal  elements  of  the  hand  and  foot  ii 
easily  accounted  for  by  a  reference  to  the  functions  they  subserve. 

In  the  hand  strengtli  is  sacrificed  to  mobility,  thus  leading  to  a  reduction  in  the  size  of  tht 
carpal  elements,  and  a  marked  increase  in  the  length  of  the  digital  phalanges.  The  freedom  d 
movement  of  the  thumb,  and  its  opposability  to  the  other  digits,  greatly  enhances  the  value  d 
the  hand  as  a  grasping  organ.  In  tne  foot,  where  stability  is  the  main  requirement,  the  tam 
is  of  mucli  greater  proportionate  size,  whilst  the  phalanges  are  correspondingly  re<luced.  Sinei 
the  foot  no  longer  servtis  as  a  gi-asping  organ,  the  great  toe  is  not  free  and  opposable  like  tbi 
thumb. 

Limb  Girdles. — The  free  limbs  are  linked  to  the  axial  skeleton  by  a  chain  of  bones  wliicfc 
constitute  their  girdles.     The  fundamental  form  of  these  limb  girdles  consists  each  of  a  paircf 
carve<l  c-artilages  placed  at  right  angles  to  the  axis  of  the  trunk  on  either  side,  and  embeddsl 
within  its  musculature.     Each  cartilage  has  an  articular  surface  externally,  about  the  middle,  fx 
the  recej>tion  of  the  cartilage  of  the  first  segment  of  the  free  limb.     In  this  way  each  pectonl 
and  pelvic  cartilage  is  divided  into  an  upper  or  dorsal  half  and  a  lower  or  ventral  halt    Tb 
dorsal  halves  constitute  the  scapula  and  ilium  of  the  pectoral  and  pelvic  girdles  respecti^*" 
With  regard  to  the  ventral  halves  there  is  more  difficulty  in  establishing  their  homologies, 
original  condition  is  best  displayed  in  the  pelvic  girdle  ;  here  the  ventral  segment  divides 
two  branches — one  anterior,  which  represents  the  pubis,  the  other  posterior,  which  ultiinatd|f 
forms  the  ischium.     Ventrally,  the  extremities  of  these  cartilages  unite  to  enclose  the  obtuittor 
foramen.     In  the  pectoral  ginlle  the  disposition  of  the  ventral  cartilages  is  not  so  clear,  confiistii| 
primitively  of  an  anterior  branch  or  precoracoid,  and  a  posterior  portion  or  coracoid ;  these,  il 
nigher  forms,  have  undergone  great  modifications  in  adaptation  to  the  requirt^ments  of  the  fu^ 
limbs.     The  posterior  or  coracoid  element,  tbe  homologue  of  the  ischial  cartilage  in  the  peM| 
girdle,  is  but  feebly  represented  in  man  bjr  the  coracoid  process  and  the  coraco-clavicular  liAmedL 
With  regard  to  the  homologue  of  the  pubic  element  in  the  pectoral  girdle,  there  is  much  diSeicMij 
of  opinion ;  in  reptiles  and  amphibia  it  corresponds  most  closely  to  the  precoracoid,  but  it  M 
doubtful  what  represents  it  in  mammals.     According  to  Qoette  and  HofTman,  the- clavicle  iiai 
primordial  bone,  and  not,  as  suggested  by  Qegenbaur,  of  secondary  or  dermic  oricrin.     If  thisblj 
so,  it  corresponds  to  the  ventral  anterior  segment  of  the  pectoral  girdle,  and  is  tnerefore  hooo^ 
logons  with  the  ventral  anterior  (pubic)  segment  of  the  pelvic  girdle.     On  the  other  hand,  if 
Qegenbaur's  view  l>e  accepted,  the  clavicle  has  no  representative  in  the  pelvic  ffirdle.     It  mvd^ 
however,  be  borne  in  mind  that  during  its  ossification  it  is  intimately  associated  with  cartils^ 
and  that  that  cartilage  may  represent  Uie  precoracoid  bar ;  nor  must  too  ^eat  stress  be  laid  upoa 
the  fact  that  the  clavicle  begins  to  ossify  before  it  is  performed  in  cartilage,  since  that  may  be 
merely  a  modification  in  its  histogenetic  development 

According  to  another  view  (Sabatier),  the  subcoracoid  centre  (see  Ossification  of  Scapuls)  ii 
derived  from  the  jK)sterior  ventral  segment,  and  corresponds  to  the  ischium,  whilst  the  conooid 
process  is  the  remains  of  the  anterior  ventral  segment  (precoracoid),  and  is  homodynamous  witk 
the  pubis. 

In  no  part  of  the  skeleton  does  function  react  so  much  on  structure  as  in  the  arrangement  <^ 
the  constituent  parts  of  the  pectoral  or  pelvic  girdles.  In  man,  owing  to  the  assumption  of  tlw 
erect  position  and  the  jupedal  mode  of  pi-ogression,  the  pelvic  giiille  acquires  those  characteristic 
which  are  essentially  human,  viz.  its  great  relative  brc-adtli  and  tne  expansion  of  its  ih» 
portions,  which  serve  as  a  support  to  the  alxiominal  viscera,  and  also  furnish  an  extensive  origin 
to  the  ])owerful  muscles  which  control  the  movements  of  the  hip-joint  The  stability  of  tn 
pelvic  girdle  is  insured  by  the  nature  of  its  union  vnth  the  axial  skeleton,  as  well  as  by  th 
osseous  fusion  of  its  several  parts,  and  their  union  in  front  at  the  .symphysis  pubis. 

In  man,  since  the  erection  of  the  figure  no  longer  necessitates  the  iLse  of  the  fore  limb  as  i 
means  of  support^  the  shoulder  girdle  has  become  modified  along  lines  which  enhance  its  mobility 
and  drt«*rmine  its  utility  in  association  with  a  prehensile  limb.  Some  of  its  parts  lemiua 
indeiH.*ndfnt  (clavich;  and  i*capula),  and  are  united  bv  diarthrodial  joints,  whilst  others  ha? 
Ixjcome  niu(!h  re<luce<l  in  size  or  supj»resse<l  (coracoid -precomcoid,  see  ante).  The  dorsal  pai 
of  the  girdle  (scai>ula)  is  not  directly  unit^jd  with  the  axial  skeleton  as  is  the  ilium,  but  is  onl 
indirectly  joiiuMl  to  it  through  the  mtMlium  of  the  clavicle,  which  is  linked  in  front  with  th 
i>ri?ijternum.  The  same  underlying  principles  determine  the  (litferences  in  mobility  and  strengt 
Let  ween  i\ut  thoiddtT,  elbow,  and  wrist,  and  the  hip,  knee,  and  ankle  joints  of  the*  fore  and  bin 
limks  r«-sjH*ctively,  whilst  the  utility  of  the  han(l  is  further  enhanced  by  the  movements  { 
pronation  and  suj)ination  which  occur  between  the  bones  of  the  forearm.  In  the  leg  sue 
movtMiicnts  are  absi^nt,  as  they  would  interfere  with  the  stability  of  the  limb. 
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ARTHROLOGY. 


By  David  Hepburn. 

kltbrology  is  that  branch  of  human  anatomy  which  treats  of  the  articulations 
r  joints. 

An  articulation  or  joint  constitutes  a  mode  of  union  or  connexion  subsisting 
fitween  any  two  separate  segments  or  parts  of  the  skeleton,  whether  osseous  or 
artikginous,  and  having  for  its  primary  object  either  the  preservation  of  a  more 
ir  less  rigid  continuity  of  the  parts  joined  together,  or  eke  to  permit  of  a  variable 
Iflgree  of  mobility,  subject  to  the  restraints  of  the  uniting  media. 

dassiflGation  of  Joints. — In  attempting  to  frame  a  classification  of  the 
ivmeroas  joints  in  the  body,  several  considerations  must  be  taken  into  account, 
til.  ihe  manner  and  sequence  of  their  appearance  in  the  embryo ;  the  nature  of  the 
OBiting  media  in  the  adult,  and  also  the  degree  and  kind  of  movement  permitted 
in  those  joints  where  movement  is  possible. 

In  this  way  we  obtain  two  main  subdivisions  of  joints : — 
(1)  Those  in  which  the  imiting  medium  is  coextensive  with  the  opposed  sur- 
faces of  the  bones  entering  into  the  articulation,  and  in  which  a  direct 
union  of  these  surfaces  is  thereby  eftected. 
(2j  Those  in  which  the  uniting  mecfium  has  undergone  more  or  less  of  interrup- 
tion in  its  structural  continuity,  and  in  which  a  cavity  of  greater  or  less 
extent  is  thus  formed  in  the  interior  of  the  joint. 
To  the  first  group  belong  all  the  immovable  joints,  many  of  which  are  likewise 
of  temporary  duration;  to  the  second  group  belong  all  joints  which  possess  a.s  their 
oatBtanding  features  mobility  and  permanence. 

SYNARTHROSES. 

The  general  characteristics  of  this  group  are  partly  positive  and  partly  nega- 
tive. Thus  there  is  uninterrupted  union  between  the 
(5)pose(l  surfaces  of  the  bones  joined  together  at  the  plane 
of  the  articulation,  i,e,  there  is  no  trace  of  a  joint  cavity, 
ind  further,  there  is  an  entire  a}>sence  of  movement. 
Developmentally,  these  joints  result  from  the  approxi- 
nation  of  ossific  proce&ses  wliich  have  commenced  from 
epirate  centres  of  ossification,  and  therefore  the  nature 
f  the  uniting  medium  varies  according  as  the  bones 
hus  joined  together  have  originally  ossified  in  membrane 
r  in  cartilage.  In  the  former  case  union  is  effected  by 
n  interposed  fibrous  membrane  continuous  with  and 
:)rTesponding  to  the  periosteum.  To  such  articulations 
be  term  suture  (Fig.  203)  is  applied.  In  the  latter  case 
be  uniting  medium  is  a  plate  of  hyaline  cartilai^^e.  Such 
rticulations  are  called  synchondroses  (Fig.  204).  In  all  the  synchondroses,  and  in 
laDj  of  the  sutures,  the  uniting  medium  tends  to  disappear  in  the  progress  of 
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ossification,  and  thus  the  plane  of  articulation  becomes  obliterated,  so  that 
structural  continuity  between   the  osseous  segments  takes  place.     The  i»i 

features  common  to  all  synarthroses  are — (a)  conti 
and  direct  union  of  the  opix)sing  surfaces ;  (b)  nc 
cavity ;  (c)  no  movement. 
TntOT^ening  Sutjoxe. — This  fomi  of  Synarthrosis  is  only  fou 

-"'^^'^        c6Yi^y*idfrwith   the   bones  of   the   skulL     In   a 
number  of  cases  the  bones  wluch  articulate  by  g 
present  irregular  interlocking  margins,  between  ' 
there  is  the  interposed  fibrous  membrane  to  which 
ence  has  already  been  made.     When  these  interlo 
margins  present  well-defined  projections  they  are  b 
form  true  sutures — sutura  vera  ;  on  the  other  liand, 
Fig.   204.  —  SK(-rn)N  through    the  Opposed  surfaces  present  ill-defined  projectio; 
THE  OcciPiTo-spHENoiD  Syn-   gvcn   flat  arcas,  they  are  described  as  false  suti 
c  HosDiiosirt.  sutura  notha.     In  each  of  these  subdivisions  the  part 

characters  of  the  articulating  margins  are  utilised  in  framing  additional  descr 
terms.  Thus  true  sutures  may  possess  interlocking  margins  whose  projectioi 
tooth-like  (sutura  dentata),  e,g.  in  the  interparietal  suture ;  saw-like  (sutura  sei 
(Fig.  205)  e.g,  in  the  interfrontal  suture ;  ridge-like,  or  comparable 
to  the  parallel  ridges  on  the  welt  of  a  boot  (sutura  limbosa). 
Similarly  false  sutures  may  articulate  by  margins  which  are  scale- 
like  (sutura  squamosa),  e.g.  in  the  squamoao-parietal  suture ;  or  by 
rough  opposed  surfaces  (sutura  harmonia),  e.g.  in  the  suture  between 
the  palate  plates  of  the  su\)erior  maxillary  bones.  There  is  one 
variety  of  synarthrosis  which,  in  the  adult,  can  scarcely  be  called  a 
suture,  although  the  differences  are  of  minor  importance,  viz. 
schindylesis,  which  is  an  articulation  between  the  edge  of  a  plate- 
like bone,  such  as  the  rostrum  of  the  sphenoid,  and  the  cleft  in 
another,  such  as  the  vomer.  i  :-^ -.t- 

Synchondrofds. — Illusti-ations  of  this  group  can  only  l>e  found  ^'"'  ^uirat 
in  the  young  growing  individual,  l)ecause  as  age  advances  and 
growth  ceases,  the  process  of  ossification  affects  the  hyaline  cartilage  which 
stitutes  the  uniting  medium,  and  the  plane  of  articulation  disappears.  Unde 
heading  we  may  include  the  planes  of  junction  between  all  epiphyses  an 
shafts  or  diaphyses  to  which  they  severally  l)elong.  The  occipito-sphenoid 
204)  and  the  j^tro-jugular  articulations  in  the  kise  of  the  skull  provide 
well-marked  examples. 

MOVABLE  JOINTS. 

The  leading  features  of  this  group  are  capability  of  movement  and  penna 
In  ver}'  few  instances  do  such  joints  ever  beoome  obliterated  under  norma 
ditious.  Determining  their  |)ermanence,  and  regulating  the  amount  of  pc 
movement,  there  is  always  more  or  less  of  interruption  in  the  continuity  ( 
structures  which  bind  the  osseous  elements  together.  That  is,  there  is  always 
evidence  of  a  joint  cavity,  although  as  a  matter  of  course  such  interruptio 
never  be  so  extensive  as  to  entirely  disassociate  the  articulating  elements.  1 
fore  in  all  movable  joints  a  new  class  of  structures  is  found,  viz.  the  ligamen 
means  of  which  continuity  is  maintained  even  when  all  the  other  uniting 
have  given  place  to  a  joint  cavity.  The  further  subdivision  of  this  group  is  foi 
upon  tb»  amount  of  movement  permissible,  and  the  extent  to  which  the  joint  < 
takes  the  place  of  the  original  continuous  uniting  medium.  Thus  we  obta 
partly  movable  or  amphiarthroses,  and  the  freely  movable  or  diarthroses. 

An  amphiarthrosis  (Fig.  208)  presents  the  following  characteristics 
])artial  movement;  (6)  union  by  ligaments  and  by  an  interposed  plate  or  d 
fi l)ro-cartilage,  in  the  interior  of  which  there  is,  (c)  an  incomplete  or  partial 
cavity  which  may  be  lined  by  a  rudimentary  synovial  membrane  whose  funct 
is  to  secrete  a  lubricating  fluid,  the  synovia  or  joint-oil ;  (d)  a  plate  of  h; 
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ATtilage  coating  each  of  the  opposing  surfaces  of  the  bones  concerned.  All  the 
cunts  belonging  to  this  group  occur  in  the  mesial  plane  of  the  body.  It  includes 
he  symphysis  pubis,  the  joints  lM3tweeu  the  bodies  of  the  vertebra?,  and  the  joint 
telweeii  the  manubrium  sterni  and  the  gladiolus. 

A  diarthrosis  (Fig.  206)  is  the  most  elal)orate  as  well  as  the  most  complete  form 
»t*  articuUtion.  It  is  characterised  by  (a)  capabiUty  of  movement  which  is  more  or 
less  free  in  its  range ;  (6)  a  reduction  of  the 
uuiting  structures  to  a  series  of  retaining  liga- 
ments; (c)  a  joint  cavity  which  is  only 
Umited  by  the  surrounding  ligaments;  (d) 
the  constant  presence  of  synovial  membrane ; 
(f)  hyahne  encrusting  cartilage  which  clothes 
the  op{X)sed  surfaces  of  the  articulating  bones. 
The  majority  of  the  joints  in  the  adult  belongs 
to  this  group.  This  series  of  joints  has  l)een 
sulnlivided  into  a  number  of  minor  sections, 

order    to  emphasise    the    occurrence    of 
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certain  well-marked  structural  features,  or 
because  of  the  particular  nature  of  the  move- 
ment by  which  they  are  characterised. 
Although  in  all  diarthroses  there  is  a  certain 
amount  of  gliding  movement  between  the 
opposed  surfaces  of  the  l)ones  which  enter  into  tlieir  formation,  yet,  when  this  gliding 
movement  becomes  their  prominent  feature,  as  in  moat  of  the  joints  of  the  carpus  and 
tarsus,  they  are  termed  arthrodia.  But  bones  may  l)e  articulated  togetlier  so  as  to 
permit  of  movement  in  one,  two,  or  more  fixed  axes  of  movement,  or  in  modifications 
of  these  axes.  Thus  in  uniaxial  joints  the  axis  of  movement  may  lie  in  the  longi- 
tadioal  axis  of  the  joint,  in  which  case  the  rotatory  form  of  joint  results,  as  in 
ihe  superior  and  inferior  radio-ulnar  articulations  ;  or  it  may  correspond  witli  the 
transverse  axis  of  the  articulation,  as  in  the  elbow-joint  and  knee-joint,  wlien  the 
gmglymns  or  hinge  variety  results.  If  movement  takes  place  about  two  principal 
axes  situated  at  right  angles  to  each  other,  as  in  the  radio-carpal  joint,  the  terms 
biaxial  or  condyloid  are  applied.  Movements  occurring  al)Out  throe  princi])al  axes 
placed  at  right  angles  to  each  other,  or  in  modifications  of  these  positions,  con- 
stituie  multiazial  joints,  in  which  the  ass(x*,iated  structural  peculiarities  providt?  the 
alternative  terms  of  enarthrodial  or  ball-and-socket  joints. 


STUri'TUHES  WHKJH  ENTER  INTO  THE  FORMATION  OF  JOINTS. 

The  structures  which  enter  into  the  formation  of  joints  vary  with  the  nature 
"ftlie  articulation.  In  every  instance  there  are  two  or  more  skeletal  elements, 
whether  bones  or  cartilages,  and  in  addition  there  are  the  uniting  media,  which  arc 
either  simple  or  elaborate  ticcording  to  the  provision  made  for  rendering  the  joint 
more  or  less  rigiil  or  capable  of  movement.  We  liave  already  seen  that  tjie  unitin^^ 
meilium  in  sjmarthrodial  joints  is  a  remnant  of  the  common  matrix,  whether  tibro- 
k'ascular  membrane  or  hyahne  cartilage,  in  which  ossification  has  extended  from 
-*]uirat<*  centres.  Among  tlic  amphiarthroses  there  is  still  extensive  union  bcjtween 
he  opposing  surfaces  of  the  articulating  l)ones,  but  the  chanicter  of  tlie  uniting 
lU'ihnm  has  advanced  from  the  primitive  embryonic  tissue  to  fibrous  and  fibro- 
artilaginous  material,  as  well  as  hyaline  cartilage.  These,  with  very  few  exceptions, 
re  ]>ermauent,  non-ossifying  substances,  such  as  may  be  seen  between  the  <»])posing, 
"sseous  siirfiices  of  two  vertebral  bodies.  Th(^  joint  cavity,  more  or  less  rudinumtary, 
w-onfined  to  the  centre  of  the  fibro-cartihiginous  plate,  and  may  result  from  the 
jftening  or  imperfect  cleavage  of  tlie  central  tissue.  It  may  also  present  rudiments 
f  a  synovial  membrane. 

In  the  diarthrodial  group  the  extensive  cavity  ha.s  produced  great  interruption 
1  the  continuity  of  the  uniting  structures  which  originally  existed  betwi^m  tlie 
ones  forming  such  a  joint.  Ligaments  have  therefore  additional  imi)ortanee  in 
lis  group,  for  not  only  do  they  constitute  the  uniting  media  which  bind  tlu^ 
rticulating  bones  together,  but  to  a  larger  extent  tliev  fonn  the  pcT\\iV\env.l 
18 
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boundary   of  the  joint  cavity,  although  not  equally  developed  in  all  positi 
Thus   every   diarthrodial  joint   possesses   a   tibrous   or   ligamentous   envelope 
capsule  which  is  attached  to  the  adjacent  ends  of  the  articulating  bones, 
special  purposes,  particular  parts  of  the  capsule  may  undergo  enlargement 
thickening,  and  so  constitute  strong  ligamentous  bands,  although  still  forming  c 
tinuous  constituents  of  the  capsule. 

Within  the  capsule  a  series  of  intracapsular  structures  are  present.  Thus 
capsule  itself  is  always  lined  by  a  ssmovial  membrane,^  wliich  is  continued  from 
inner  surface  of  the  capsule  to  the  surface  of  the  intracapsular  portion  of  e 
articulating  bone.  The  part  of  the  bone  included  within  the  capsule  consists  o 
"  non-articular  "  portion  covered  by  synovial  membrane,  and  an  "  articular  "  pf)rt 
covered  ])y  encrusting  hyaline  cartilage.  The  latter  provides  the  surface  wh 
comes  into  apposition  with  the  corresponding  area  of  another  bone.  In  its  gene 
disposition  the  synovial  membrane  may  be  likened  to  a  cylindrical  tube  open 
each  end.  This  membrane  is  richly  supplied  by  a  close  network  of  vessels « 
nerves. 

Certain  diarthroses  present  additional  intracapsular  structures  which  may 
distinguished  as  interarticular  ligaments  and  interarticular  fibro-cartilages. 

Interarticular  ligaments  extend  between  and  are  attached  to  non-articular  ai 
of  the  intracapsular  portions  of  the  articulating  bones.     They  usually  occupy 
long  axis  of  the  joint,  and  occasionally  they  widen  sufl&ciently  to  form  partiti 
which  divide  the  joint-cavity  into  two  compartments,  e.g.  the  costo-central,  t 
certain  of  the  chondro-sternal  joints. 

Interarticular  fibro-cartilages  or  menisci  (Fig.  207)  are  more  or  less  compl 
partitions  situated  between  and  separating  opposing  articular  surfaces,  and  wl 
complete  they  divide  the  joint  cavity  into  two  distinct  comjmrtments.     By 

periphery,  a  meniscus  is  rather  to  be  associa 
with  the  joint  capsule  than  with  the  arti 
lating  bones,  although  its  attachments  i 
extend  to  non-articular  areas  on  the  latter 
Both  interarticular  ligaments  and  men 
have  their  free  surfaces  covered  by  syno^ 
membrane. 

Adipose  tissue  forming  pads  of  varying 
is  usually  found  in  certain  localities  wit 
the  joint,  between  the  synovial  membrane; 
the  surfaces  which  it  covers.  These  pads 
soft  and  pliable,  and  act  as  packing  matei 
filling  up  gaps  or  intervals  in  the  jo 
During  movement  they  adapt  themselvef 
the  changing  conditions  of  the  articulatioi 
In  addition  to  merely  binding  together 
or  more  articulating  bones,  ligaments  perf 
very  important  functions  in  connexion  \ 
the  different  movements  taking  place  at  a  joint.  They  do  not  appreciably  lengt 
under  strains,  and  thus  ligaments  may  act  as  inhibitory  structures,  and  by  bw 
ing  tense  may  restrain  or  check  movement  in  certain  directions. 

Synovial  membranes,  in  the  form  of  closed  sacs  t<?rme<l  synovial  borssB,  are  frequently  f< 
in  other  situations  besides  the  interior  of  joints.  Such  huwie  are  developed  for  the  purpa 
reducing  the  friction,  (a)  between  the  integument  and  certain  prominent  subcutaneous  bony 
jections,  as,  for  instance,  the  point  of  the  elbow,  or  the  front  surface  of  tlie  patella  (subcutac 
8>TioviaI  bursai) ;  (6)  between  a  tendon  and  some  surface,  bony  or  cartihigmous,  over  whi< 
J) lays  (subtendinous  synovial  bursae) ;  (c)  l>etween  a  tendon  or  a  group  of  tendons  and  the  ^ 
of  osteo-fascial  tunnels,  in  which  they  play  (tliecal  synovial  bureye).  Subtendinous  8>th 
])ursje  are  often  placed  in  the  neiglikmrhwxl  of  joints,  and  in  such  cases  it  not  infrequi 
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^  The  tenn  "  synovial  membrane  "  has  been  so  long  in  use  that  one  hesitates  to  discard  it,  even  althoog 
structure  so  described  is  not  in  many  cases  capable  of  being  removed  from  the  objects  of  which  it  forms  a 
A  more  precise  description  in  these  cases  would  be  "synovial  surface."  There  is  still  considerable  t 
whether  the  "sjniovial  Huid  "  is  a  true  secretion  or  merely  a  diluted  friction  product. 
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ippens  that  there  is  a  direct  continuity  between  the  bursa  and  the  synovial  membrane  which 
ues  the  cavity  of  the  joint  through  an  aperture  in  the  joint  capsule^ 

THE  DIFFERENT  KINDS  OF  MOVEMENT  AT  JOINTS. 

KefereDce  has  already  been  made  to  the  existence  of  fixed  axes  of  movement  as 
i  basis  fur  the  classification  of  certain  forms  of  diartlirodial  joints.  Hence  it  is 
evident  that  the  movements  w  hich  are  possible  at  any  particular  joint  depend  to  a 
liiTge  extent  upon  the  shape  of  its  articular  surfaces  as  well  as  upon  the  nature  of 
its  various  li^^ments.  Therefore  the  technical  terms  descriptive  of  movements 
either  indicate  the  directions  in  which  they  occur,  or  else  the  character  of  the  com- 
pleted movement. 

In  the  great  majority  of  articulations  between  short  bones,  the  amount  of  move- 
ment is  8u  restricted,  and  the  displacement  of  the  opposing  articular  surfaces  so 
slight,  that  the  term  gliding  sufficiently  expresses  its  character. 

A  gliding  movement  of  an  extensive  kind,  for  example  that  of  thu  patella  upon  the  femur/  in 
which  the  movement  largely  resembles  that  of  the  tyre  of  a  wheel  revolving  in  contact  with  the 
ground  so  that  different  parts  are  successively  adaptal  to  each  other,  is  called  CO-aptation. 

Articulations  between  long  l»ones,  on  the  other  hand,  are  usually  associated 
with  a  much  freer  range  of  movement,  with  a  corresponding  variety  in  its  character. 
Botation  is  a  movement  about  an  axis  which  is  longitudinal.  Sometimes  it  is  the 
ouly  form  of  movement  which  a  joint  possesses ;  at  other  times  it  is  merely  one  of  a 
series  of  movements  capable  of  execution  at  the  same  joint.  Flexion  or  bending  is 
i  movement  in  which  the  formation  of  an  angle  between  two  parts  of  the  body  is 
an  essential  feature.  As  it  is  possible  to  perform  this  movement  in  relation  to  two 
axes,  viz.  a  transverse  and  an  antero-posterior  axis,  it  is  necessary  to  introduce 
qualifying  terms.  Thus,  when  two  anterior  or  ventral  surfaces  are  approximated, 
IS  at  the  hip-,  elbow-,  or  wrist-joints,  the  movement  is  called  ventral,  anterior,  or 
plmar  flexion ;  but  if  posterior  or  dorsal  surfaces  be  approximated  by  the  process  of 
bending,  then  the  flexion  becomes  poatenor  or  dorsi-flexion,  as  at  the  knee-  or  wrist- 
juinta  Further,  at  the  wrist-joint,  the  formation  of  an  angle  between  the  ulnar 
border  of  the  hand  and  the  corresponding'^aspect  of  the  forearm,  produces  ulnar 
loion,  and  similarly  the  bending  of  the  hand  towards  the  radial  border  of  the 
torearm  is  radial  flexion. 

Extension  or  straightening  consists  in  obliterating  the  angle  which  resulted  from 
flexion,  in  the  case  of  certain  joints,  therefore,  such  as  the  elbow,  wrist,  and  knee, 
the  SHgments  of  the  limb  occupy  a  straight  line  as  regards  each  other  when 
extended. 

At  the  ankle-joint  the  natural  attitude  of  the  foot  to  the  leg  is  Hexiou  at  a  right  angle.  The 
diminution  of  thia  angle  by  approximating  the  dorsum  of  the  foot  towards  the  front  of  the  leg 
(miiiuittia  Jlexion  ;  while  any  effort  at  placing  tlie  fcK)t  and  leg  m  a  straight  line,  i.e.  obliteration  of 
the  angle,  as  in  pointing  the  toes  towards  the  ground  and  raising  the  heel,  constitutes  ejcttiision. 

Abdnction  is  a  term  which  either  expresses  movement  of  an  entire  limb,  in  a 
direction  away  from  the  mesial  plane  of  the  body,  or  of  a  digit,  away  from  the 
plane  of  the  middle  finger  in  the  hand,  or  the  plane  of  the  second  toe  in  the  case 
of  the  foot. 

Adduction  is  the  reverse  of  abduction,  and  signifies  movement  tow^ards  the 
mesial  plane  of  the  body,  or  towards  the  planes  indicated  for  the  digits  of  the  hand 
ind  foot. 

Oircomdnction  is  a  movement  peculiarly  characteristic  of  niultiaxial  or  ball- 
ind-socket  jointa  It  consists  in  combining  such  angular  movements  as  llexion, 
Jitension,  abduction,  and  adduction,  so  as  to  continue  the  one  into  the  other, 
i^hereby  the  joint  forms  the  apex  of  a  cone  of  movement,  and  the  free  end  of  the 
imb  travels  through  a  circle  which  describes  the  base  of  this  cone. 

THE  DEVELOPMENT  OF  JOINTS. 

Just  as  the  question  of  structure  deteriniues  to  a  largo  extent  the  presence  or  absence 
)f  movement   in  joints,   so  in    tracing   their   development   it   will    be   found    that    the 
18  a 
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manner  of  their  appearance  forecasts  their  ultimate  destination  as  immovable  or  mo 
able  articulations. 

All  joints  arise  in  mesodermic  tissue  which  has  undergone  more  or  less  differentiatio 

Wlicn  this  differentiation  has  produced  a  continuous  membranous  layer,  in  whic 
ossitic  centres  representing  separate  skeletal  segments  make  their  appciirance,  we  get  tl 
primitive  form  of  suture.  The  plane  of  the  articulation  merely  indicates  the  limit  ( 
the  ossific  process  extending  from  different  directions.  If,  again,  the  differentiation  < 
the  mesoblast  has  resulted  in  the  formation  of  a  continuous  cartilaghious  layer,  in  whic 
ossification  commences  at  separate  centres,  the  plane  of  the  articulation  is  marke 
out  by  the  unossified  cartilage — in  other  words,  the  articulation  is  a  synchondrosis.  Ult 
mately  this  disappears  through  the  extension  of  the  process  of  ossification. 

To  some  extent  sutures  also  disappear,  although  their  complete  obliteration  is  no 
usual  even  in  aged  people.  Developmentiilly,  therefore,  synarthroses  or  immovabl 
joints  do  not  present  any  special  structural  element,  and,  speaking  generally,  they  havi 
only  a  temporary  existence. 

The  development  of  all  movable  joints  is  in  marked  contrast  to  that  of  synai 
throses.  Not  only  are  they  permanent  arrangements  so  far  as  concerns  normal  conditiom 
but  they  never  arise  merely  as  planes  which  indicate  the  temporary  phase  of  an  ossifii 
process.  From  the  outset  they  present  distinct  skeletal  units,  from  which  the  specia 
structures  of  the  joint  are  derived. 

The  primitive  movable  joint  is  first  recognised  as  a  mass  of  undifferentiated  mew 
dermic  cells  situated  between  two  masses,  which  have  differentiated  into  primitive  cartilagf 

The  cell -mass  which  constitutes  the  joint- unit  presents  the  appearance  of  a  thid 
cellular  disc,  the  proximal  and  distal  surfaces  of  which  are  in  accurate  apposition  with  tb 
primitive  cartilages,  while  its  circumference  is  defined  from  the  surrounding  mesoderm  b; 
a  somewhat  closer  aggregation  of  the  cells  of  which  the  disc  is  composed.  From  thi 
cellular  disc  or  joint-unit  all  the  structures  characteristic  of  amphiarthrodial  and  diu 
throdial  joints  are  ultimately  developed. 

Thus  by  the  transformation  of  the  circumferential  cells  into  fibrous  tissue  the  inval 
ing  ligaments  are  produced.  Within  the  substance  of  the  disc  itself  a  transverse  clefl 
more  or  less  well-defined  and  complete,  makes  its  apj^earance.  In  this  manner  the  disc  i 
divided  into  proximal  and  distal  segments,  separated  from  each  other  by  an  intern 
which  is  the  primitive  joint  cavity.  This  cleft,  however,  never  extends  so  far  as  to  inte 
rupt  the  continuity  of  the  circumferential  part  of  the  disc  which  develops  into  the  fibroi 
tissue  of  the  investing  ligaments.  From  the  proximal  and  distal  segments  of  ti 
articular  disc  the  various  structures,  distinctive  of  movable  joints,  are  developed. 

Thus,  in  amphiarthrodial  joints  the  cellular  articular  disc  or  primitive  joint-unit  giv 
origin  to  the  following  structures : — From  its  circumference,  investing  ligaments ;  fro 
its  interior,  the  fibro-cartilaginous  plate  or  disc  in  which  an  imperfect  joint  cavity  wii 
corresponding  imperfect  synovial  may  be  found. 

In  the  case  of  a  diarthrodial  joint  the  changes  take  place  on  a  more  extended  seal 
The  joint  cavity  becomes  a  prominent  feature,  in  relation  to  which  the  surroundii 
fibrous  structures  form  an  investing  capsule,  lined  by  a  synovial  membrane. 

When  a  single  cleft  arises,  but  does  not  extend  completely  across  the  longitudinal  aj 
of  the  articular  disc,  the  undivided  portion  develops  into  fibrous  interarticular  ligamen) 
On  the  other  hand,  when  two  transverse  clefts  are  formed,  that  portion  of  the  cellul 
disc  which  remains  between  them  becomes  transformed  into  a  fibro-cartilaginous  iiit< 
articular  disc  or  meniscus,  which  in  its  turn  may  either  be  complete  or  incomplete,  ai 
thus  we  may  obtain  two  distinct  synovial  joint  cavities  belonging  to  one  articulation.^ 

In  considering  the  development  of  the  synovial  membrane,  and  the  surfaces  on  whi 
it  is  found  in  the  interior  of  a  joint,  it  is  necessary  to  keep  clearly  in  mind  that  a  synov: 
membrane  is  a  special  structure,  whose  function  it  is  to  produce  a  lubricating  fluid 
synovia,  and  that,  therefore,  its  position  is  determined  by  the  essential  necessity 
proximity  to  a  direct  blood-supply.  In  other  words,  this  condition  is  provided  by  j 
parts  of  the  interior  of  a  joint  cavity  except  the  articular  encrusting  cartilage.  Conj 
quently  synovial  membrane  is  only  absent  from  the  free  surface  of  articular  cartilaj 
although  it  forms  a  thicker  layer  upon  the  intier  surface  of  the  joint  capsule  than  up 
the  free  surfaces  of  interarticular  ligaments  and  menisci. 

*  From  a  series  of  observations  npon  tlie  development  of  «Uarthro<lial  joints,  the  writer  considers  tl 
there  is  evidence  to  show  that  the  •*celln4ar  articular  ilisc "  is  directly  responsible  for  the  production 
the  e]uphyses  which  adjoin  the  completed  joint  cavity,  and  that,  among  such  amphiarthroscs  as  ex 
between  the  bodies  of  vertebn^,  not  only  the  intervertebral  disc,  but  the  proximal  and  distal  epipliy 
which  ultimately  unite  with  the  vertebral  bodies  have  a  common  origin  in  the  joint-unit. 
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It  is  uot  uecessary  to  suppose  that  the  synovial  meuibrane  has  disappeared  from  these 
cicular  cartilages  as  the  result  of  frictiou,  because,  notwithstanding  constant  friction, 
ch  ]iarts  as  the  interior  of  capsular  ligaments  or  the  semihniar  cartilages  of  the  knoo- 
int  have  uot  been  denuded  of  their  synovial  covering. 

MORPHOLOGY  OF  LIGAMENTS. 

Fnmi  what  has  been  said  in  connexiou  with  the  development  of  joints,  it  will  be  evident 
lat  ligaments  are  essentially  products  derived  from  the  cellular  articular  disc. 

Nevertheless,  in  relation  to  the  fully-formed  joint,  many  structures  are  described  as  ligaineuts 
•Iiich  do  not  take  origin  in  the  manner  just  indicated.  Some  of  these  ligamentous  structui*eM 
eui^iin  fairly  distinct  from  the  capsular  figments  with  which  they  are  immediately  associated  ; 
•tbtrrs  become  thoroughly  incorporated  with  the  capsular  ligaments  and  cannot  be  separated 
beitfrom,  while  yet  others  may  oe  found  situate<l  within  the  capsule  of  a  joint,  and  thus  play 
hv  part  of  interarticular  ligaments. 

Instances  of  each  of  these  forms  of  adventitious  ligaments  uiay  Ixi  readily  given.  For 
example,  we  may  instance  the  expansion  of  the  tendon  of  the  semimembranosuH  muscle  to  tlie 
posterior  ligament  of  the  knee-joint,  and  the  otfshoots  from  the  tendon  of  the  tibialis  posticus 
miucle  to  the  plantar  aspects  of  various  tai'sal  bones,  as  illustrations  of  structures  whicli  j)lay 
an  important  part  as  ligaments,  but  are  not  indelibly  incorporated  with  the  joint  capsule. 

Of  structures  which  have  become  indelibly  incorporated  with  the  primitive  capsule,  we  may 
instance  the  broad  tendinous  expansions  of  the  quadriceps  extensor  muscle  around  the  knee-joint. 

The  internal  lateral  ligament  of  the  same  joint  is  regarded  as  a  detached  jK)rtion  of  the 
ifiidon  belungiug  to  that  part  of  the  adductor  magnus  muscle  which  takes  origin  from  tlur 
ischium,  while  the  external  lateral  ligament  of  the  knee  is  considered  by  some  to  i>e  the  i)rimi- 
tire  femoral  origin  of  the  peroncus  lougus  muscle.  Another  illusti'atiou  of  the  same  condition 
is  found  in  the  coraco-humeral  ligament^  which  is  regjirded  by  some  as  repw^iiuting  a  detached 
purtion  of  the  pectoralis  minor  muscle. 

Two  illustrations  may  be  given  of  structures  playing  the  part  of  ligaments  within  the 
i^jsule  of  a  joint,  although  iu  the  first  instance  they  are  not  acvelo])ed  as  ligaments.  It  is 
qurtlionable  if  the  ligamentum  teres  of  the  hip-joint  is  an  interarticular  ligament  in  the  true 
sriLw  of  the  teiin  ;  it  has  been  regarded!  as  the  isolated  and  displaced  tendon  of  the  ambiens  muscle 
iound  in  birds.  In  the  shoulder-joint,  many  observers  look  upon  the  superior  gleno-humeral 
lijjsment  as  representative  of  tlie  hg^imentum  teres. 

Such  structures  as  the  stylohyoid  ligament  and  the  internal  lateral  ligament  of  the  temiKH-o- 
manrlibular  joint,  although  descrilnid  as  ligaments,  are  in  reality  skeletal  parts  which  have  not 
dtuined  tlieir  complete  ossific  development 

Again,  certain  portions  of  the  deep  or  muscular  fascia  of  the  body  which  become  specialised 
into  rwjtraining  and  supporting  bands  {e.g.  the  ilio-tibial  band  of  the  fascia  lata  ;  the  «tylo-mandi- 
klar  ligament ;  the  anterior  and  posterior  annular  ligaments  of  the  wrist-joint ;  the  anterior, 
inner,  and  outer  annular  lifjaments  of  the  ankle-joint),  although  called  ligaments,  havt*  no 
'iirect  developmental  association  with  articular  ligaments. 

Likjtly,  the  liffament  of  Poivpart  and  the  ligament  of  Gimbemat,  being  special  developments 
:i:  wiiiuexion  with  an  expanded  tendon  or  aponeurosis,  are  still  furtlier  removed  from  assotia- 
ti'-nwith  an  articulation. 

LIGAMENTS  OF  THE  VERTEBRAL  COLUAFK  AND  SKULL. 

All  vertebra,  with  the  exception  of  those  which  deviate  from  the  coniniou 
vertebral  type,  present  two  sets  of  articulations  whose  various  parts  are  arranged 
iipun  a  uniform  pattern.  Thus  every  pair  of  typical  verlebrie  presents  an  articula- 
tion between  the  centra,  termed  intercentral,  and  a  pair  of  articulations  between 
thi'  neural  ai-ches,  called  intemeural.  With  the  latter  there  are  associated  various 
im}K>rtant  accessory  ligaments  wliicli  bind  together  laminie,  spinous  processes,  and 
transverse  processes. 

Intercentral  Articulations. — These  are  ampliiarthrodial  joints.  Singly,  they 
'^iii'Dt  only  a  slight  degree  of  mobility,  but  when  this  amount  of  movement  is 
i']«Jed  to  that  of  the  whole  series,  the  range  of  movement  of  the  spine  becomes 
"n.siderabh».  The  articular  surfaces  are  the  flattened  surfaces  of  adjacent  vertebral 
^»«ii»;s.     Tln*y  are  bound  together  by  the  following  structures : — 

Intervertebral  Discs  (fibro-cartilagines  intervertcbrales,  Fig.  208). — Each  disc 
jcummodaU^s  itself  to  the  space  it  occu])ies  between  the  two  vertel^ral  bodies,  to 
itli  of  which  it  is  firmly  adherent.  The  discs,  from  dill'ereut  parts  of  the  spinal 
iliinni,  vary  in  vertical  thickness,  being  thinnest  from  the  third  to  the  seventh  dorsal 
;rlel.)ra,  and  thickest  in  the  lumbar  reginn.  In  the  cervical  and  lumbar  regit)ns 
•ch  di.sc  is  thicker  in  front  than  behiiul,  therebv  assisting  in  the  productiow  o?  Uw. 
ISh 
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anterior  convexity  which  characterises  the  spinal  column  in  these  two  regiona  Ii 
the  dorsal  region  the  discs  are  thinnest  on  their  anterior  aspects  in  correspondeott 
with  the  anterior  concavity  of  this  section  of  the  spine. 

Each  disc  consists  of  a  circumferential  portion  (annulus  fibrosus),  formed  ftr 


Vert<»bral  body 


Iiilervfitebral  disc     i,t 


S  igaiiipiitiiiii  flaviim 
III  subHavutii 
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i^piuouii  proc«*» 


Fig.  208.— Mehial  Section  through  a  Portion  of  the  Lumbar  Part  of  the  Spike. 

the  most  part  of  oblique  parallel  fibres  rurming  from  one  vertebra  to  tlie  other. 
Horizontal  fibres  are  also  found.  The  axial  or  central  part  of  the  disc  is  elastic, 
soft,  and  pulpy  (nucleus  pulpoausy 

The  upper  and  lower  surfaces  of  the  disc  are  closely  adherent  to  the  adjoining 

Anterior  common  ligament 
Rib 


Tlirt'*'  sliii 
HtelUte  ligiiinc 


Fio.  200. — Anterior  Common  Ligament  of  the  Vertebral  Column,  and  the  Costo-vertbbhal 

Joints  as  seen  from  the  Front. 

epiphyst»al  plates  of  the  vertebral  bodies,  and  as  ossification  advances,  the  distini 
tion  between  e^nphyseal  plates  and  vertebral  body  disappears. 

As  a  rule  tlie  transverse  diameter  of  the  disc  corresponds  to  that  of  the  vert< 
bral  bodies  which  it  joins  together ;  but  in  the  cervical  region,  where  the  low< 

1  This  pulpy  snlmtance  does  not  present  a  joint  cavity,  but  in  certain  ca.seB  it  is  more  or  less  divid 
by  figures  which  occupy  a  tranftverse  horixontal  direction. 


LIGAMENTS  OF  THE  VERTEBRAL  COLUMN. 


263 


akT^  of  the  superimpoeed  vertebra  is  overlapped  on  each  side  by  the  one  which 
are  it,  the  disc  does  not  extend  to  the  extreme  lateral  margin,  and  in  this  position 
small  diarthrosis  may  be  seen  at  each  lateral  margin  of  the  disc. 

The  anterior  common  ligament  (lig.  longitudinale  anterius,  Fig.  209)  consists 
i  a  wide  stratum  of  longitudinal  fibres  which  extends  from  the  front  of  the  axis 
ertebra  to  the  front  of  the  upper  segment  of  the  sacrum,  and  becomes  gradually 
dder  from  al>ove  downwards.  It  lies  in  front  of  the  intervertebral  discs,  to  which 
t  is  firmly  attached  as  it  passes  from  one  vertebra  to  the  other.  Its  fibres  vary  in 
lengtL  Some  are  attached  to  contiguous  margins  of  two  adjoining  vertebrae; 
Dthers  pass  in  front  of  one  vertebra  to  be  attached  to  the  next  below,  and  yet 
others  find  their  lower  attachment  three  or  four  vertebrae  below  the  one  from  which 
Dhey  started.  None  of  the  fibres  are  attached  to  the  transverse  depression  on  the 
front  of  a  vertebral  body. 

The  posterior  common  ligament  (lig.  longitudinale  postcrius,  Fig.  210)  is  found 
within  the  spinal  canal  upon  the  posterior  aspect  of  the  vertebral  l)odie8.  It  con- 
sists of  longitudinal  fibres,  and  it  extends  from 
the  l»dck  of  the  sacrum  to  the  axis  vertebra,  superior 
to  which  it  is  continued  to  the  skull  as  the  posterior 
w5cipito-axial  ligament.  Opposite  each  interverte- 
bral disc  it  is  attached  to  the  entire  width  of  the 
adjacent  margins  of  the  two  vertebral  bodies,  its 
fil'res  l)eing  continued  over  the  posU^rior  surface  of 
the  dL^  In  the  lumbiir  and  dorsal  regions  the 
ffidth  of  the  ligament  is  considerably  reduced 
opposite  the  Ixiek  of  each  vertebral  body,  and  thus 
it  forms  a  series  of  dentiite  projections  along  both 
fif  its  margins ;  but  in  the  cervical  region  the 
width  of  the  ligament  is  more  uniform. 

One  or  two  large  thin -walled  veins  escape  from 
the  body  of  each  vertebra  under  cover  of  this  liga- 
ment. 

Intemeural  Articulations.— The  neural  arch 
of  each  typical  vertebra  carries  two  pairs  of 
articiil.ir  processes,  by  means  of  which  it  articu- 
lators with  adjacent  neural  arches.  The  articu- 
Utious  l>etween  these  proc;ess(is  are  true  diarthroses 
uf  the  arthrodiiil  variety. 

The  distinctive  characters  of  these  articular  sur- 
face?, iiB,  regards  their  shape  and  direction  in  the  ditlerent  groups  of  vertebrae,  have 
Wii  referred  to  in  the  section  on  osteology. 

All  these  articulations  are  provided  with  complete  but  very  thin-walled  cap- 
sules (capsulic  articulares),  which  are  thinnest  and  loosest  in  the  cervical  region, 
fflinre  also  the  movements  are  freest.  Each  capsule  is  lined  by  a  synovial 
ntembrane. 

.L^scKiiated  with  these  interneural  joints  are  certain  ligaments  which  are 
lictossory  to  the  articulations,  although  they  are  quite  distinct  from  the  capsule. 

The  laminai  of  adjoining  vertebne  are  bound  t<»gether  by  the  ligamenta  subflava 
ligjinienta  flava  vel  subflava.  Fig.  211),  which  consist  of  yt'llow  elastic  fibres.  The 
i::dmenUi  subflava  close  the  spinal  canal  in  the  inti^rvals  between  the  laminae, 
vich  ligament  is  attached  suj^riorly  to  tlie  anterior  aspect  of  one  lamina  at  a 
hort  distance  above  its  lower  border,  and  inferiorly  it  is  attached  to  the  i)osterior 
>I)ef.*t  of  the  subjacent  lamina. 

In  the  dorsal  region,  where  the  imbrication  of  adjoining  laminae  is  a  prominent 
mature,  these  ligaments  are  not  so  distinctly  visible  from  behind  as  they  are  in  the 
3gions  where  imbrication  of  the  lamiuic  is  not  so  marked. 

Laterally  they  extend  as  far  as  the  articular  ca])sules,  while  mesially  the  margins 
f  the  ligaments  of  opposite  sides  meet  under  cover  of  the  root  of  the  spinous  process. 

Contiguous  pairs  of  spinous  ])rocesses  are  also  attached  to  each  other  by  inter- 
innoiui  ligaments  (ligamenta  intersi)inalia.  Fig.  208).     These  are  atroii^es^X,  m  Wwi 
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lumbar,  aud  weakest  in  the  dorsal  region.     Each  consists  of  layers  of  oli 
interlacing  fibres  which  spring  from  near  the  tips  of  the  two  adjacent  spin 

radiate  to  their  oj 
margins.  In  the? 
posterior  direetioi 
extend  from  the  1 
the  tij)  of  the  s 
proc<\«is. 

The  snpraspinot 
ments  (Hgg.  -'^ 
spinalia,  Fig.  208)< 
of  longitudinal  l»a 
fibres  of  varying  h 
They  extend  from 
tospine,beingatta< 
their  tips,and  are  si 
superficial  to,  alt 
in  continuity  wit 
interspinous  ligan 
In  tlie  cervic^il 
this  series  of  liga 
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where  they  project 
wards  from  the  s; 
processes  l)etweei 
muscles  of  the  twc 
of  the  neck  in  th( 
of  an  elastic  pai 
called  the  ligan 
nuchse. 
The  antero-posterior  extent  of  the  ligamentum  nuchfu  incretises  as  it  appr 
tlie  (xjciput,  where  it  is  attached  to  the  occipital  crest  from  the  external  oc 
protul>erance  to  the  posterior  liorder  of  the  foramen  magnum.  Its  posterior  i: 
is  fre(^  and  extends  from  the  external  occipitiil  protuberance  to  the  spine 
vertebra  prominens. 

Between  the  transvei-se  processes  there  are  intertransverse  ligaments  (Hgg. 
trausvorsaria),  which  consist  of  vertical  fibres  extending  from  the  postero-ii 
jispect  of  one  transverse  process  to  the  superior  margin  of  that  next  below, 
ligaments  are  generally  absent  from  the  cervical  and  upper  dorsal  regions. 

Sacro-coccygeal  Joint. — The  last  piece  of  the  sacrum  is  joined  to  thi 
piece  of  the  coccyx  by  an  intervertebral  disc,  and  the  junction  is  rei 
more  secure  by  the  presence  of  certain  strong  ligaments.  An  anterior  li£ 
(lig.  sacro-coccygeum  anterius),  continuous  with  the  anterior  common  ligam 
placed  in  front.  A  posterior  ligament  (lig.  sacro-coccygeum  posterius), 
stretches  downwards  from  the  shaq)  border  of  the  lower  opening  of  the 
canal,  strengthens  the  joint  behind.  A  lateral  ligament  (lig.  sacro-coec^ 
laterale)  sup^wrts  the  joint  on  each  side,  whilst  strong  bands  paas  betwei 
cornua  of  the  two  bones  and  constitute  the  interarticnlar  ligaments. 

Inter-coccygeal  Joints. — So  long  as  they  remain  separate,  the  different 
of  the  coccyx  are  joined  l)y  intervertebral  discs  and  by  anterior  and  post^rio 
ments. 

Movements  of  the  Vertebral  Oolumn. — Altiiougli  the  amount  of  movomcnt  i>en 
bi'tween  any  two  vertrbra*  U  t^xtivniely  JimitKl,  yet  the  tot«iI  mnge  of  movement  cap 
being  attained  ]»y  the  entire  vertebral  column  in  verv  considerable. 

Flexion  may  occur  both  for^-aitls  and  liaekwards  at  the  intercentral  articulations,  bi 
frw'ly  in  the  lum1>ar  and  cervical  re^ons  than  in  the  dorsal  region,  when*  the  limited  am 
intervertebral  disc  and  the  imbrication  of  the  lamims  and  spines  restrict  the  movement 
ward  flexion  is  most  pronouncinl  in  the  cervical  region,  and  forward  flexion  in  the  lumbar 
Between  the  articular  surfaces  of  the  intenieural  articulations  a  variety  of  movements  s 
mitted,  dependent  upon  the  directions  of  tliese  surfaces.    Thus  lateral  flexion  is  permi 
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:he  Inmbar,  but  not  in  the  cervical  or  dorsal  regions  Again,  in  th(^  Inmbar  region  rotation 
Iocs  not  occur,  owing  to  the  shape  of  the  articular  processes,  while  it  is  pci8ai])lc  in  the  dorsal 
ivgion.  In  the  cervical  rozion  the  shape  and  position  of  the  articular  surfaces  prevent  the 
occurrence  both  of  lateral  flexion  and  of  rotation  as  isolaU^  movements,  hut  a  combination  of 
these  two  movements  mav  take  plac^  whereby  rotatory  movement  in  an  ohlique  median  axis 
results.  Finally,  in  the  lumbar  region,  by  combining  the  four  forms  of  flexion,  viz.  forward, 
backward,  and  lateral,  a  certain  amount  of  circumduction  is  possible. 

Articulation  of  Atlas  with  Axis. 

Between  these  two  vertebrae  three  diarthroses  occur.  Two  of  them  are 
situated  laterally  in  relation  to  the  articular  processes,  and  are  called  artlirodial 
diarthroses,  because  of  the  flattened  nature  of  the  articulating  surfaces.  The  third 
articulation  is  mesial  in  position.  It  is  found  between  the  smooth  anterior  surface 
of  the  odontoid  process  of  the  axis  and  the  articular  facet  on  the  posterior  aspect  of 
the  anterior  arch  of  the  atlas.     This  joint  is  a  rotatory  diartlirosis. 

Idgaments. — Each  of  the  joints  is  furnished  witli  a  capsular  ligament  whereby 
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the  joint  cavity  is  circumscribed.     In  the  case  of  the  lateral  articulations,  each 
cajeular  ligament  presents  a  distinct  baud,  named  the  accessory  ligament,  which  is 
Btaated  within   the  neural  canal  (Fig.  2i:»),  and  passes  downwards  and  inwards 
from  the  lateral  mass  of  the  atlas  to  the  superior  aspect  of  the  body  of  the  axis. 
The  following  additional  ligaments  constitute  the  leading  bonds  of  union  : — 
The  anterior  atlo-axoid  ligament  (Fig.  212)  is  a  membranous  structure  whicli  is 
thin  laterally,  but  strong  mesially  where  it  is  thickened  by  a  prolongation  of  the 
anterior  common  ligament.     It  extends  from  the  anterior  arch  of  the  atlas  to  the 
fr«)nt  of  the  body  of  the  axis. 

The  posterior  atlo-axoid  ligament  (Fig.  212)  occupies  the  position  wliich  is 
elsewhere  taken  by  the  ligamenta  subflava.  It  extends  from  the  posterior  arcli 
of  the  atlas  to  the  upper  border  of  the  neural  arch  of  the  axis. 

The  transverse  ligament  of  the  atlas  (lig.  transversum  atlantis,  Figs.  212  and 
213)  is  a  strong  band,  placed  transversely,  which  arches  backwards  boliiiul  the 
neck  of  the  odontoid  process  of  the  axis.  By  its  extremities  it  Ls  attached  to  the 
tubercle  on  the  inner  aspect  of  each  lateral  mass  of  the  atlas.  A  thin  plate  of 
fibro-cartilage  is  developed  in  its  central  part. 

Synovial  membrane  lines  each  of  tlie  three  cjipsular  ligaments,  and  in  addition  a 
synovial  sac  is  developed  between  the  odontoid  process  and  the  transverse  ligament. 
This  is  more  extensive  than  the  synovial  cavity  between  the  odontoid  process  and 
the  atlaa 
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Articulation  of  Spine  with  Cranium. 

There  are  two  articulations  between  the  atlas  and  the  occiput.  Each  i 
diarthrosis  in  which  movement  takes  place  in  relation  to  two  axes,  viz.  I 
transverse  and  the  antero-posterior.  The  condyle  of  the  occiput  being  biconv 
fits  into  the  biconcave  superior  articular  surface  of  the  atlas,  while  the  long  axea 
the  two  joints  are  directed  horizontally  forwards  and  inwards. 

Ligaments. — Each  articulation  is  provided  with  a  capsular  ligament  which 
thin  but  complete.  It  is  attached  to  the  rough  non-articular  surfaces  surroundi 
the  articular  areas  on  the  atlas  and  occiput. 

The  following  supplementary  ligaments  are  the  chief  structures  which  bind  t 
atlas  to  the  occiput : — 

The  anterior  occipito-atloid  ligament  (membrana  atlantooccipitalis  anteri 
Fig.  212)  is  a  strong  although  thin  membrane,  attached  inferiorly  to  the  anteri 
arch  of  the  atlas,  and  superiorly  to  the  anterior  half  of  the  circumference  of  t 
foramen  magnum.  Laterally  it  is  in  continuity  with  the  capsular  ligaments,  wh 
in  the  mesial  plane,  where  it  extends  from  the  anterior  tubercle  of  the  atlas  to  t 
basi-occiput,  it  presents  a  specially  well-defined  thickened  band  which  might 
regarded  as  a  separate  accessory  ligament  or  as  the  beginning  of  the  anter 
common  ligament  of  the  vertebrae. 

The  posterior  occipito-atloid  ligament  (membrana  atlanto-occipitalis  posted 
Fig.  212)  is  another  distinct  but  still  thin  membrane  which  is  attached  superioi 
to  the  posterior  half  of  the  circumference  of  the  foramen  magnum,  and  inferiorly 
the  upper  border  of  the  posterior  arch  of  the  atlas.  Laterally  it  also  is  continue 
with  the  capsular  ligaments.  On  each  side  of  the  mesial  plane  its  inferior  bon 
is  arched  in  relation  to  the  vertebral  groove,  and  is  therefore  to  some  extent  fi 
in  order  to  permit  the  passage  of  the  posterior  primary  division  of  the  first  cervi 
nerve  and  the  vertebral  artery.  Not  infrequently  this  arched  border  becon 
ossified,  thus  converting  the  groove  in  the  bone  into  a  foramen. 

Ssmovial  membrane  lines  each  of  the  capsular  ligaments.  There  is  no  dir 
articulation  between  the  axis  and  the  occiput,  but  union  between  them  is  effect 
by  means  of  the  following  accessory  ligaments : — 

The  posterior  occipito-axoid  ligament  (membrana  tectoria.  Fig.  213)  is  situal 
within  the  neural  canal,  and  is  usually  regarded  as  the  upward  continuation  of  I 
posterior  common  ligament  of  the  vertebral  bodies.     It  extends  from  the  postei 
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AND  THE  Axis  with  each  other. 


surface  of  the  body  of  the  axis  to  the  basilar  groove  on  the  upper  surface  of 
basi-occipital  bone,  spreading  laterally  on    the  circumference  of   the  foran 
magnum.     Some  of  its  deepest  fibres  are  attached  to  the  atlas  immediately  ab 
the  atlo-axoid  articulation. 
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Subjacent  to  the  preceding  ligament  there  is  the  ligamentnm  crueiatnm  atlantis 
Fig.  213),  a  structure  which  is  very  closely  associated  with  the  lig.  transversum 
tlantia.  It  consists  of  a  crwa  transversum,  formed  by  the  superficial  fibres  of 
he  transverse  ligament  of  the  atlas ;  a  cms  inferius,  consisting  of  mesial  longi- 
adinal  fibres  which  are  attached  below  to  the  posterior  surface  of  the  body  of  the 
Lxis,  and  above  to  the  crus  transversum  and  a  crua  superius,  also  mesial  and 
longitudinal,  whose  fibres  extend  from  the  crus  transversum  upwards  to  the 
posterior  surface  of  the  basi-occiput,  immediately  subjacent  to  the  posterior 
oocipito-axoid  ligament. 

The  check  li^unents  or  lateral  odontoid  ligaments  (ligamenta  alalia,  Fig.  213)  are 
two  very  powerful,  short,  and  somewhat  rounded  bands.  They  are  attached  mesially 
to  the  sides  of  the  summit  of  the  odontoid  process,  and  laterally  to  the  tubercle 
on  the  inner  aspect  of  the  condylar  portions  of  the  occipital  bone,  viz.  the  ex- 
oocipital  bones. 

The  middle  odontoid  ligament  (ligamentum  apicis  dentis,  Fig.  213)  consists  of 
fibres  running  vertically  upwards  from  the  apex  of  the  odontoid  process  to  the 
mesial  pari  of  the  anterior  margin  of  the  foramen  magnum.  This  ligament 
to  some  extent  represents  an  intervertebral  disc,  in  the  centre  of  which  remains  of 
the  notochord  may  be  regarded  as  present. 

Even  in  advanced  life  a  smaU  lenticular  mass  of  cartilage,  completely  sur- 
nmnded  by  bone,  persists  in  the  plane  of  fusion  between  the  odontoid  process  and 
the  body  of  the  axis. 

Morements  at  these  Joints.— At  the  joints  between  occiput  and  atlas  the  moveiuents  are 
Toy  simple,  and  consist  esscntialljr  of  movements  whereby  the  head  is  elevated  and  depressed 
itpoD  the  vertebral  column  (nodding  movements).  In  addition  a  certain  amount  of  oblioue 
moTement  is  poasible,  during  which  great  stability  is  attained  by  resting  the  front  and  hinder 
puts  of  oppceite  condyles  upon  corresponding  parts  of  the  atlas. 

The  head  and  the  atlas  rotate  together  upon  the  axis,  the  nivot  of  rotation  lacing  the  odontoid 

woceas,  and  the  amount  of  rotation  is  limited  by  the  check  ligaments.     No  rotation  can  occur 

Ktirt*n  the  ociiput  and  atlas,  and 

rtability  between  atlas  and  axis  is  £^,^.,„^,i  ,^^t,^,.  ii^,„„,^t 

bat attamed  after  a  slight  amount  tant^rior  anil iJ-jst^rtor  [»r\A) 

d  rotation,  similar  to  the  oblique 

movement     between    occiput    and 


TEMPOROMANDIBULAR 
JOINT. 

This  joint  is  an  arthrodial 

diarthrosis.     It  occurs  between 

the  articular  part  of  the  glenoid 

fftisa  of  the  temporal  bone  and 

the    condylar     head    of     the 

inandible.    These  two  articular 

surfades  are  markedly  dissimilar 

loth  in  size  and  shape.     In  its 

general   outline  the   articular 

surface   of    the    head   of    the 

mandible  is  cvlindrical,  havinjr 

iu   long    axis    directed   from 

within  outwards  and  forwards. 

On  the  other  hand,  the  articular 

I>!irt  of  the   glenoid  fossa  in 

front  of  the  Glaserian  fissure 

is  concavo-convex  from  behind 

forwards.     Its  articular  surface  includes  the  eminentia  articularis,  the  eminence  at 

the  base  of  the  anterior  root  of  the  zygoma.     The  articular  surfaces  of  the  bones 

are  clothed  by  hyaline  encrusting  cartilage,  whilst  the  joint  cavity  is  divided  into 

an  upper  and  lower  part  by  a  meniscus  of  fibro-cartilage. 

Ligaments. — The  joint  is  invested  by  a  capsular  ligament  which  \8  (\\x\\i^  eowv- 
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plete,  but  is  very  thin  on  the  inner  side.     The  outer  wall  of  the  caiisul 

external  lateral   ligament  (lig.   temi)oro-mandibulare,  Fig.  214) — is  ilivisibl 

anterior  and  posterior  portions  wliicli  are  attached  superiorly  to  the  root  ti 

and  lower  border  of  the  zygouij 
inferiorly  to  the  outer  side  and  jx) 
border  of  tlie  neck  of  the  mandible, 
direction  of  its  fibres  is  downward 
l»ackwards. 

Within  the  capsule  there  is  an 
articular  disc  or  meniscus  of  libro-car 
the  discus  articolaris  (Fig.  205),  wt 
moulded  upon  the  condyle  of  the  ma 
l>elow,  and  on  the  articular  surface  > 
temj^oral  bone  above.  It  thus  compe 
for  the  incongruity  between  the  arl 
surfaces  of  the  two  bones.  The  ( 
atttiched  circumferentially  to  the  a 
It  is  widest  in  the  transverse  din 
thicker  behind  than  in  front,  and  th 
towards  the  centre,  where  it  may  I 

forated.     Its  anterior  margin  is  intimately  associated  with  the  insertion  < 

external  pterygoid  muscle. 

A  s3movial  membrane  lines  each  of  tiie  com^Kirtments  into  which  the 

cavity  is  divided  by  the  meniscus.     As  a  rule  these  membranes  are  separate 

each  other,  but  they  become  continuous  when  the  disc  is  perforated.     The 

synovial  membrane  is  larger  and  more  loosely  disposed  than  the  lower. 

Situated  on  the  mesial  aspect  of  the  joint,  but  at  a  short  distance  from  i 

quite  distinct  from  the  capsule,  there  is  an  accessory  })and  called  the  ii 

lateral  ligament  (lig.  spheno-mandi- 

bulare,  Fig.  216).     Superiorly  it   is 

attached  to  the  spinous  process  of  the 

great  wing  of  the  sphenoid  bone,  and 

inferiorly  to  the  lower  as  well  as  the 

hinder    border   or    lingula    of     the 

inferior  dental  foramen.    It  is  not  an 

articular  ligament  in  the  true  sense, 

forinstead  of  being  connected  with  the 

joint,  it  is   developed  in  the   tissue 

surrounding  partof  Meckel'scartilage. 

Porlioiia  of  the  following  Htnictures  an* 
found  ill  the  interval  lx?tween  the  spheno- 
luaTidibular  ligament  and  the  ascending 
i-aniud  of  the  mandible — viz.  the  extenial 
l)terygoid  muscle  ;  internal  maxillai*}- 
vessels ;  inferior  dental  vessels  and  nen'e  ; 
middle  meningeal  vessels;  auriculo- tem- 
poral nerve  ;  a  deep  jwrtion  of  the  jiarotid 
gland. 

Movements  of  the  Mandible. — ^The  nature,  of  the  movements  which  the  lower  j 
i)erform  is  detvrminwl  ixartly  by  tlie  character  of  tlie  articular  nrnfaces  of  the  temporo-man 
joint,  and  partly  l»y  the  fact  that,  while  the  two  joints  always  act  simultaneout^ly,  th< 
also,  to  some  extent,  i»erform  the  same  movement  alternately. 

When  movement  takes  ])lace  through  the  lontj  or  transverse,  horizontal  axis  of  eacl 
the  mandible  may  be  elevated,  as  in  (blenching  the  teeth,  or  it  may  Ik?  dei)ressed,  as  in  , 
In  the  latter  movement  the  condyle  leaves  the  glenoid  fossa,  and,  along  with  the  menl 
moves  forwartis  until  they  rest  uiwn  the  articular  eminence.  Meantime  the  chin  descril 
arc  of  a  cirele,  of  which  tlie  centre  or  jwint  of  least  movement  corresponds  to  the  poeitior 
inferior  dental  foramen,  and  thus  the  structuivjj  which  enter  at  that  foramen  are  pr 
against  stretching.  Coincidently  with  the  forward  movement  of  the  condyle,  it  glid« 
revolving  manner  upon  the  inferior  aspect  of  the  meniscus. 

At  any  stage  in  the  movement  of  depressing  the  chin  the  mandible  may  be  i>rotru 
that  the  inferior  incisor  teeth  are  project^l  in  front  of  the  upper  set,  a  movement  which 
from  the  condyles  of  the  jaw  being  drawn  forwards  upon  the  articular  eminences.    A 
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elation  of  the  condyle  to  the  articular  eminence  occurs  during  the  exaggerated  depression  of 
he  mandible  which  resulta  from  yawning,  in  which  position  the  articulation  is  liable  to  be 
iislocated.  When  the  two  joints  perform  the  same  movement  alternately,  a  certain  amount  of 
awral  motion  ret«ulta,  from  the  fact  that  the  long  axis  of  each  joint  pre«ent«  a  slight  obliquity 
x>  the  transverse  axis  of  the  skull,  and  consequently  a  grinding  or  oblique  movement  in  the 
iiorizoutal  plane  is  produced.  Excessive  depression,  with  the  risK  of  dislocation,  is  resisted  by 
the  fibres  ot  the  external  lateral  ligament  which  becomes  tense. 

In  all  movements  of  the  mandible  the  meniscus  conforms  closely  to  the  position  of  the  con- 
dyle, and  they  move  forwards  and  backwards  together,  but  at  the  same  time  the  meniscus  does 
not  Pfejtrict  the  movements  of  the  condyle.  Thus  while  the  meniscus,  along  with  the  condyle,  is 
gliding  upon  the  temporal  aspect  of  the  joint,  the  condyle  itself  revolves  upon  the  inferior 
iur£u:e  of  the  meniscus. 

Cranial  Ligaments  not  directly  associated  with  Articulations. 

The  stylo-mandibular  ligament  (lig.  stylo-mandibulaTe,  Figs.  214  and  216)  is  a 
specialised  portion  of  the  deep  cervical  fascia  which  extends  from  the  anterior  aspect 
«f  the  tip  of  the  styloid  process  of  the  temporal  bone  to  the  posterior  border  of  the 
angle  of  the  mandible,  between  the  insertions  of  the  masseter  and  internal  pterygoid 
muscles. 

The  pterygo-flpinoiis  ligament  (lig.  pterygo-spinosum)  is  a  membrane  extending 
fiom  the  upper  part  of  the  posterior  free  margin  of  the  external  pterygoid  plate, 
hackwards  and  slightly  outwards,  to  the  spinous  process  of  the  sphenoid.  An 
jntenral  is  left  between  its  upper  border  and  the  floor  of  the  skull  for  the  outward 
piasage  of  those  branches  of  the  inferior  maxillary  nerve  which  supply  the 
external  pterygoid,  temporal,  and  masseter  muscles.  This  ligament  has  a  tendency 
to  ossify  eitlier  wholly  or  partially. 

The  stylo-hyoid  ligament  (lig.  stylo-hyoideum)  may  be  regarded  as  the  down- 
ward continuation  of  the  styloid  process  of  the  temporal  bone.  Inferiorly  it  is 
Attached  to  the  lesser  comu  of  the  hyoid  bone.  It  is  not  infrequently  ossified,  in 
which  case  it  constitutes  the  epihyal  bone  found  in  many  animals. 
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Ck>8to-yertebral  articulations  (articulationes  costo-vertebrales).  The  typical 
ib  articulates  with  the  vertebral  column  both  by  its  head  and  by  its  tubercle, 
lius,  two  sets  of  articulations,  with  their  associated  ligaments,  exist  between  the 
ilis  and  the  vertebrae,  but  each  set  is  constructed  upon  a  common  plan,  with  the 
xc>?ption  of  certain  joints  situated  at  the  upper  and  lower  ends  of  the  series,  where 
tie  ril>8  themselves  deviate  from  the  typical  form. 

Costo-Centiial  Joints. 

The  articulations  of  the  heads  of  the  ribs  with  the  centra  or  bodies  of 
be  vertebne  (articulationes  capitulorum,  Fig.  209)  are  all  diarthroses,  which,  from 
Lieir  somewhat  hinge-like  action,  may  ])e  classed  as  ginglymoid. 

The  head  of  every  typical  rib  is  wedge -sliaped,  and  presents  two  articular 
icets,  an  upper  and  a  lower,  separated  from  each  other  by  an  antero-posterior 
idge  which  abuts  against  an  intervertebral  disc,  while  the  articular  facets  articu- 
it^  with  similar  surfaces  on  the  contiguous  margins  of  the  two  vertebrie  adjoining 
he  disc.  These  surfaces  fonn  a  wedge-shaped  depression  or  cup,  the  bottom  of 
vhich  is  more  elastic  than  the  sides,  and  thus  an  arrangement  is  provided  which 
t^iiih  to  reduce  the  shock  of  blows  upon  the  walls  of  the  chest. 

Each  of  these  articulations  is  provided  with  a  capsular  ligament  which 
surrounds  and  encloses  the  joint,  and  is  attached  to  contiguous  non-articular 
margins  on  the  head  of  the  rib  and  the  two  vertebral  bodies.  On  its  anterior  or 
ventral  aspect  the  capsule  presents  three  radiating  fasciculi  which  collectively  form 
iho  stellate  or  anterior  costo-vertebral  ligament  (lig.  capituli  costai  radiatum,  Fig. 
-09).  These  fasciculi  radiate  from  a  centre  on  the  front  of  the  head  of  the  rib,  so 
ihdt  the  middle  fasciculus    becomes    attached  to  the    intervertebral  dioG    \NVv\\ft 
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the  upper  and  lower  fasciculi  proceed  to  the  adjacent  margins  of  the  two  verteln 
between  which  the  disc  is  situated,  and  with  which  the  rib  articulates.  To  a  tii^ 
extent  these  radiating  fasciculi  pass  under  cover  of  the  lateral  margin  of  the  anterwr 
common  ligament  of  the  vertebral  bodies.  In  those  joints  in  which  the  head  d 
the  rib  does  not  articulate  with  an  intervertebral  disc  the  central  fasciculus  of 
the  stellate  ligament  is  wanting,  but  the  other  two  retain  the  same  geuewl 
arrangement. 

The  interarticular  ligament  (lig.  capituli  costal  interarticulare)  consists  oi  sboft 
transverse  fibres  within  the  capsule.  These  are  attached,  on  the  one  hand, 
the  ridge  which  intervenes  between  the  two  facets  on  the  head  of  the  rib.  ai 
on  the  other  to  the  lateral  aspect  of  the  intervertebral  disc.  Tliis  ligaim 
is  not  a  meniscus,  but  merely  an  interarticular  ligament,  of  width  sittici 
to  divide  the  joint  cavity  into  an  upper  and  a  lower  compartment.  It  is  nlmat 
from  those  joints  which  do  not  articulate  with  an  intervertebral  disc,  t.^  fraa 
those  ribs  which  only  articulate  with  the  body  of  one  vertebra. 

The  interarticular  ligament  is  8up]X)6ed  to  represent  the  outer  end  of  a  ligament  wli 
under  the  name  of  the  lig.  conjugale  cost&nun,  coimects  the  heiuis  of  the  ribs  of  certain  maniB 
across  the  posterior  aspect  of  the  intervertebral  disc,  and,  in  the   human   subject,  until 
seventh  month  of  foetal  life,  connects  the  posterior  aspects  of  the  necks  of  a  pair  of  ribs  with  ( 
other  across  the  mesial  plane. 

Ssmovial  membrane  lines  each  joint  cavity,  and  therefore,  in  all  case^^  where  I 
joint  is  divided  into  two  compartments,  each  one  has  its  own  synovial  lining. 

Costo-Transverse  Joints. 

The  tubercle  of  each  typical  rib  articulates  with  the  transverse  process  of 
lower  of  tlie  two  dorsal  vertebrae  with  which  the  head  of  the  rib  is  associa 
(articulatio  costo-transversaria).      Near  the  tip  of  the  transverse  process  there  i 
an  articular  facet,  on  its  anterior  aspect,  for  articulation  with  the  correspondinf" 
facet  on  the  mesial  articular  part  of  the  rib  tubercle.     The  joint  so  formed  is  u 
arthrodial  diarthrosis. 

The  joint  cavity  is  surrounded  by  a  comparatively  feeble  capsular  ligameal^ 
which  is  attached  immediately  beyond  the  margins  of  the  articular  facets,  and  ia 
which  no  special  bands  can  be  distinguished. 

A  simple  ssmovial  membrane  lines  the  capsular  ligament  in  all  cases  where  thd 
latter  is  present. 

The  following  accessory  ligaments,  in  connexion  with  this  joint,  strengthen  an4 
support  the  articulation  : — 

The  anterior  or  superior  costo-transverse  ligament  (ligamentum  costo-transver- 
sarium  anterius,  Fig.  209)  consists  of  strong  bands  of  fibres  which  are  attached  tfH 
the  upper  border  of  the  neck  of  the  rib.  extending  from  the  head  outwards  to  tlH 
non-articular  part  of  the  tubercle.  All  these  fibres  may  be  traced  upwards.  Thofl< 
situated  nearest  to  the  head  of  the  rib  proceed  obliquely  upwards  and  outwards,  U 
be  attached  to  the  transverse  process  immediately  above,  but  with  extensions  to  tb 
adjoining  rib  and  its  costo- transverse  capsular  ligament.  Others  proceed  almo0 
vertically  upwards  to  the  adjoining  transverse  process,  while  those  which  ascent 
from  the  upper  surface  of  the  tubercle  pass  obliquely  upwards  and  inwards  to  read 
the  postero-inferior  aspect  of  the  adjoining  transverse  process. 

The  posterior  costo-transverse  ligament  (ligamentum  costo- transversarium  pes 
terius)  is  a  band  of  transverse  fibres  applied  to  the  postero-extemal  aspect  of  tb 
capsule.  By  one  end  these  fibres  are  attached  to  the  tip  of  the  transverse  proces 
behind  its  articular  facet,  and  by  the  other  to  the  external  rough  surface  of  th 
tubercle  of  the  rib. 

The  middle  costo-transverse  ligament  (lig.  colli  costaj)  consists  of  short  fibw 
which  stretch  from  the  posterior  aspect  of  the  neck  of  the  rib,  backwards  and  in 
wards,  to  the  front  of  the  transverse  process,  but,  in  addition,  a  proportion  of  th 
fibres  passes  to  the  posterior  aspect  of  the  inferior  articular  process  of  the  upper  o 
the  two  vertebrae  with  which  the  head  of  the  rib  articulates. 
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The  following  exceptions  to  the  general  plan  of  rib-articulation  indicated  above 
ust  be  noted : — 

1.  There  ir  no  articulation  between   the  eleventh  and   twelfth  ribs  and  the 

transverse  processes  of  the  corresponding  vertebrae. 

2.  The  superior  costo-transverse  ligament  is  wanting  from  the  first  rib,  and  is 

either  rudimentary  or  wanting  in  the  case  of  the  twelfth  rib. 

3.  The  middle  costo-transverse  ligament  is  rudimentary  in  the  eleventh  and 

twelfth  ribs. 
The  ligamentnm  lumbo-costale  extends  from  the  upper  surface  of  the  base  of  the 
FftQSverse  process  of  the  first  lumbar  vertebra  to  the  under  surface  of  the  neck  of 
he  twelfth  rib,  as  well  as  to  the  under  surface  of  the  transverse  process  of  the 
jwelfth  dorsal  vertebra. 

Articulations  between  the  Ribs  and  their  Cartilages. 

Eich  rib  possesses  an  unossified  portion,  termed  its  costal  cartilage.  As  age 
idvaaces,  this  cartilage  may  undergo  a  certain  amount  of  superficial  ossification, 
)at  it  never  becomes  entirely  transformed.  The  line  of  demarcation  between 
ix)De  and  cartilage  is  clear  and  abrupt,  and  usually  the  bone  forms  an  oval  cup,  in 
»hich  the  end  of  the  cartilage  is  retained  by  means  of  the  continuity  which  exists 
between  the  periosteum  and  the  perichondrium.  There  is  no  articulation  in  the 
proper  sense  between  the  rib  and  its  cartilage,  although  a  synovial  cavity  has 
occasionally  been  found  between  the  first  rib  and  its  cartilage. 

Interchondral  Joints. 

These  articulations  are  arthrodial  diarthroses,  and  they  are  found  between  ad- 
joining margins  of  certain  of  the  costal  cartilages,  viz.  from  the  fifth  to  the  eighth 
or  ninth.  The  cartilages  which  thus  articulate  develop  flattened,  somewhat  conical, 
prolongations  of  their  substance,  and  thereby  the  intercostal  spaces  are  interrupted 
vfaere  these  flat  articular  facets  abut  against  each  other.  Each -joint  Ib  closed 
by  a  surrounding  capsular  ligament,  the  superficial  and  deep  aspects  of  which  are 
specially  strengthened  by  external  and  internal  interchondral  ligaments.  These 
btnds  extend  obliquely  between  adjacent  cartilages. 

A  synovial  membrane  lines  each  joint  capsule. 

Costo-sternal  Joints. 

The  upper  seven  pairs  of  costal  cartilages,  as  a  rule,  extend  to  the  lateral 
margins  of  the  sternum  (articulationes  sternocos tales).  Of  these,  the  first  pair  is 
implanted  directly  upon  the  manubrium  sterni.  The  ossific  process  ends  abruptly 
in  connexion  with  the  rib,  and  also  ceases  as  suddenly  in  connexion  with  the 
sternum,  and  henca  the  cartilage  does  not  normally  present  an  articulation  at 
eiiher  end. 

From  the  second  to  the  seventh  pairs  of  ribs  inclusive,  the  costo-sternal  joints 
lie  constructed  upon  the  type  of  arthrodial  diarthroses,  although,  in  the  case  of 
the  sixth  and  seventh  cartilages,  the  joint  cavity  is  always  small,  and  is  frequently 
obliterated. 

The  sternal  end  of  each  of  these  costal  cartilages  presents  a  slight  antero-pos- 
terior  ridge  which  fits  into  a  shallow  V-shaped  depression  upon  the  lateral  margin 
of  the  sternum.  With  the  exception  of  the  sixth  cartilage,  the  others  articulate 
opposite  the  lines  of  union  between  the  primary  segments  of  the  sternum,  whereas 
tie  sixth  articulates  upon  the  side  of  the  lowest  segment  of  the  nieso-sternum. 

Each  joint  is  enclosed  by  a  capsular  ligament,  composed  of  fibrous  tissue,  attached 
to  the  adjficent  borders  of  the  articulating  elements.  Specially  strong  fibres  dis- 
tinguish the  superficial  and  deep  aspects  of  the  capsule. 

The  anterior  costo-sternal  ligament  (lig.  costo-sternalium  railiatum,  Fig.  217)  is 
»inj)osed  of  strong  fibres  which  radiate  from  the  anterior  surface  of  the  costal 
?artilage,  near  its  sternal  end,  to  the  front  of  the  sternum.  The  ligaments  of 
opposite  sides  interlace  with  each  other,  and  so  cover  the  front  of  the  sternum  with 
i  felted  membrane — the  membrana  sterni. 
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The  posterior  costo-stemal  ligament — also  a  part  of  the  capsule — has  attai 
ments  similar  to  the  foregoing,  but  the  arrangement  of  its  fibres  is  not  so  poweri 

The  ligamentum  costo-ziphoidea  passes  I'rom  the  front  of  the  upper  part  of  I 
xiphoid  cartilage,  obliquely  upwards  and  outwards  to  the  front  of  the  seventh,  i 
sometimes  to  the  front  of  the  sixth  costal  cartilage. 

Within  the  capsules  of  these  joints  interarticular  ligaments  (ligg.  stemo-costal 
interarticularia.  Fig.  217)  may  be  found.    Their  disposition  is  somewhat  uncertain,  I 
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Fio.  217. — Stbrno-olavicdlak  and  Costo-sternal  Joints. 

whereas,  in  the  case  of  the  second  pair  of  cartilages,  tliey  invariably  divide  the  join 
cavity  into  two  distinct  compartments — an  upper  and  a  lower — such  an  arrange 
ment  is  very  uncertain  in  the  other  joints,  and  they  occasionally,  especially  in  m 
cases  of  the  sixth  and  seventh  cartilages,  entirely  obliterate  the  joint  ciivity.  Thee 
ligaments  extend  horizontally  between  the  ends  of  the  costal  cartilages  and  tb 
side  of  the  sternum. 

Ssmovial  membrane  is  found  wherever  a  joint  cavity  is  developed,  and  therefop 
there  may  be  one  or  two  synovial  membranes,  according  to  the  presence  or  abflene 
of  a  proper  interarticular  ligament.  When  the  joint  cavity  is  obliterated  by  th 
fibrous  structure  which  represents  the  interarticular  ligament,  a  synovial  membran 
is  also  al^sent. 

Sternal  Articulations. 

Primarily  the  sternum  consists  of  an  elongated  plate  of  hyaline  cartilage,  whic 
becomes  subdivided  into  segments  by  the  process  of  ossification. 

The  four  segments  of  which  the  gladiolus  is  originally  composed  unite  wit 
each  other  after  the  manner  of  typical  synchondroses. 

Similarly  the  ensiform  cartilage  and  the  gladiolus  ultimately  become  unite 
It  is  not  usual  to  find  the  manubrio-gladiolar  joint  obliterated  by  the  ossification 
the  two  bony  segments.  Even  in  advanced  life  it  remains  open,  and  the  joint  pa 
takes  of  the  nature  of  an  amphiarthrosis  (Fig.  217),  although  a  joint  cavity  is  n 
found  under  any  circumstances  in  the  plate  of  fibro-cartilage  which  inter\'en 
between  the  manubrium  and  the  gladiolus. 

The  membrana  stemi,  to  which  reference  has  already  been   made,  assists 
strengthening  the  union  between  the  different  segments  of  the  sternum. 

Movements  of  the  Bibs  and  Sternum.— The^^t*  movements  may  be  cooBidered  eitli 
independently  of,  or  as  a«8ociated  with,  respiration. 

In  the  former  condition  the  ribs  move  in  connexion  with  flexion  and  extension  of  t 
vertebral  column,  being  more  or  lens  depressed  and  approximated  in  tlie  former,  and  elevated 
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lied  apart  in  the  latter  case.  Considered  in  connexion  with  respiration,  it  is  necessary  to 
serve  tkat,  to  all  intents  and  purposes,  the  vertebral  column  and  the  sternum  are  rigid  structures, 
exi  we  must  remember  that  the  heads  of  all  the  ribs  occupy  fixed  positions,  and  similarly 
le  anterior  ends  of  seven  pairs  of  cartilages  are  fixed  to  the  lateral  margins  of  the  sternum, 
he  ribs  thus  form  arches,  presenting  a  large  amount  of  obliquity  from  behind  forwards.  There- 
>re,  during  inspiration,  wnen  the  rib  is  elevated,  the  arch  becomes  more  horizontal,  and  the 
ranfversM?  diameter  of  the  chest  is  increased.  At  the  same  time,  the  anterior  ends  of  the  sternal 
ibs  tend  to  thrust  the  sternum  forwards  and  upwards ;  but  the  nature  of  the  attachment  of  the 
]Ri  pair  of  ribfl  to  the  stemimi,  as  well  as  the  attachment  of  the  diaphragm  to  the  eusiform 
ariilagv,  prevents  this  movement  from  becoming  excessive,  and  hence  the  sternum  becomes  a  line 
)f  waUtance  to  the  forward  thrust  of  the  ribs.  As  a  consequence,  the  ribs  rotate  upon  themselves 
ilioui  an  oblique  axis  which  passes  downwards,  outwards,  and  backwards  through  tlie  capitular 
joint  and  the  neck  of  the  rib  anterior  to  the  costo-transverse  joint 

In  this  way  increase,  both  of  the  antero-posterior  and  transverse  diametei's  of  the  thorax,  is 
provided  for,  although  the  amount  of  increase  is  not  equally  pronounced  in  all  planes.  Thus  at 
ihi*  level  of  the  first  rib  very  little  eversion  is  possible,  because  the  axis  of  rotation  is  nearly 
trin^ven^e,  and  therefore  any  increase  in  the  transverse  or  antero-posterior  thoracic  diameters  at 
this  level  may  be  disregarded,  although  a  certain  amount  of  elevation  of  the  manubrium  stemi 
uA  anterior  end  of  the  first  rib  is  evident 

Below  the  level  of  the  sixth  rib  elevation  and  rotation  of  the  rib  during  inspiration  are 
wiaWy  said  to  be  complicated  by  a  certain  amount  of  backward  movement,  due  to  the  character 
of  the  costo-transverse  joint,  until,  in  the  case  of  the  last  two  ril>s,  which  are  destitute  of  costo- 
transver^  joints,  a  movement  backwards  is  almost  entirely  sul>stituted  for  elevation.  It  is 
ppobahle,  however,  that  the  movements  of  the  asternal  ribs  exactljr  correspond  to  those  of  the 
itemal  series,  and  that  by  the  contraction  of  the  costal  digitations  of  the  diaphragm  the 
interior  ends  of  the  asternal  ribs  are  provided  with  fixed  positions  comjiarable  to  those  supplied 
by  the  :<ternum  to  the  ribs  of  the  sternal  series. 

We  may  therefore  say  that  during  inspiration  the  ribs  move  upwards  and  outwards  between 
thrir  fixed  ends,  while  as  a  whole  the  rib  rotates,  and  its  anterior  end  is  thrust  slightly  forwards. 

During  expiration  these  movements  are  simply  reversed. 

THE  ARTICULATIONS  OF  THE  SUPERIOR  EXTREMITY. 

Tlie  bony  arch  formed  by  the  clavicle  and  scapula  articulates  directly  with  the 
axial  skeleton  only  at  one  point,  viz.  the  sterno-clavicular  joint. 

ARTICULATIONS  OF  THE  CLAVICLE. 
The  Sterno-clavicular  Joint. 

The  sterno-clavicular  joint  (articulatio  sterno-clavicularis)  is  an  example  of  an 
arthroilial  diarthrosis.  The  articular  surfaces  concerned  in  its  formation  present 
the  following  appearances : — 

1.  The  sternal  end  of  the  clavicle  is  somewhat  triangular  in  outline,  having  its 
mosit  prominent  angle  directed  downwards  and  backwards.  The  anterior  and 
posterior  sides  of  the  triangle  are  slightly  roughened  for  the  attachment  of 
ligaments,  while  tlie  base  or  inferior  side  is  smooth  and  rounded,  owing  to  the 
pp-'luii'^ation  of  the  articular  surface  to  the  inferior  aspect  of  the  bone.  In  the 
antero-posterior  direction  the  articular  surface  tends  to  be  concave,  while  vertically 
ills  slightly  convex. 

1  An  articular  facet,  situated  on  the  superior  lateral  angle  of  the  manubrium 
^terni,  but  in  a  plane  slightly  behind  the  supra-sternal  notch,  articulates  with  the 
'lavic'le.  This  facet  is  considerably  smaller  than  the  clavicular  facet  with  which  it 
irticulatf'S. 

;!.  The  superior  surface  of  the  tirst  costal  cartilage  close  to  the  sternum  also 
rttn.icii>ates  to  a  small  extent  in  the  articulation. 

It  should  be  noted  that  the  articular  surfaces  of  the  clavicle  and  sternum  are 
wvred  mainly  by  fibro-cartilage. 

A  capsular  ligament  is  well  marked  on  all  sides  except  infcriorly,  wliere  it  is 
v«rry  thin. 

Thti  anterior  stemo-clavicular  ligament  (Fig.  217;  fornis  part  of  the  capsule,  and 
i:onsists  of  .short  fibres  which  extend  ()l)li(|uely  downwards  and  inwarils  from  the 
•int^jrior  aspect  of  the  sternal  t'ud  of  tlie  clavicle  to  the  adjoining  anterior  surface 
"t  the  sternum  and  the  anterior  iMmlor  of  the  iirst  costal  cartilage. 

The  posterior  stemo-clavicular  ligament  also  forms  ])art  of  \\\e  caY^viYe,  vvwv^t 
19 


274  THE  AETICULATIONS  OR  JOINTS. 

consists  of  similarly  disposed,  but  not  so  strong,  oblique  fibres  situated  on  1 
posterior  aspect  of  the  articulation. 

A  fibro-cartilaginous  meniscus  (discus  articularis,  Fig.  217)  divides  the  joi 
cavdty  into  two  compartments.  It  is  nearly  circular  in  shape,  and  adapts  itself 
the  articular  surfaces  between  which  it  lies.  It  is  thickest  at  the  circumference  a 
thinnest  at  the  centre,  where  it  occasionally  presents  a  perforation,  there 
permitting  the  two  synovial  cavities  to  intercommunicate.  By  its  circumference 
is  in  contact  with,  and  adherent  to,  the  surrounding  capsule,  but  its  upper  margin 
attached  to  the  apex  of  the  articular  surface  of  the  clavicle,  while  by  its  low 
margin  it  is  fixed  to  the  sternal  end  of  the  first  costal  cartilage. 

Two  accessory  ligaments  are  associated  with  this  joint,  viz.  the  interclavicul 
and  the  rhomboid. 

The  interclavicular  ligament  (Fig.  217)  is  a  structure  of  considerable  strengt 
forming  a  broad  band  of  fibrous  tissue  which  is  attached  to  the  superior  rounded  anj 
or  apex  of  the  sternal  end  of  the  clavicle  as  well  as  to  the  adjacent  margins  of  t 
articular  surface.  Its  fibres  pass  across  the  interclavicular  notch  to  become  attach 
to  corresponding  parts  of  the  opposite  clavicle,  but  in  their  course  they  dip  down  in 
the  suprasternal  notch,  in  which  many  of  them  are  fixed  to  the  sternum.  In  tl 
way  their  presence  neither  bridges  nor  obliterates  the  notch  between  the  ti 
clavicles,  and  the  ligament  really  becomes  a  superior  sterno-cla\dcular  ligament  i 
each  joint. 

The  rhomboid  ligament  (lig.  costo-claviculare,  Fig.  217)  consists  of  short,  stro 
fibres  which  are  attached  inferiorly  to  the  upper  surface  of  the  first  costal  cartik] 
They  pass  obliquely  upwards  and  outwards  to  a  rough  impression  situated  on  t 
lower  aspect  of  the  sternal  end  of  the  clavicle,  and  are  distinct  from  the  capsul 
ligament.     Occasionally  a  bursa  is  found  in  the  interior  of  this  ligament. 

As  a  rule  there  are  two  s3movial  membranes  lining  the  two  joint  cavities  (F 
217),  separated  from  each  other  by  the  interarticular  meniscus.  Sometimes,  howev 
the  two  membranes  establish  continuity  through  a  perforation  in  the  meniscua 

The  Acromio-claviculak  or  Scapulo-clavicular  Joint. 

The  acromio  -  clavicular  joint  (articulatio  acromio  -  clavicularis)  is  anotl 
instance  of  an  arthrodial  diarthrosia  It  is  situated  between  the  acromial  end 
the  clavicle  and  the  inner  aspect  of  the  acromion  process  of  the  scapula.  Ea 
articular  surface  is  an  oval,  flattened  facet,  covered  by  fibro-cartilage. 

The  ligaments  which  surround  this  small  joint  form  a  complete  capsi 
(capsula  articularis),  of  which  the  upper  and  lower  parts  are  specially  strong,  a 
are  therefore  named  the  superior  and  inferior  acromio-clavictilar  ligaments  (Fig.  21 
These  consist  of  short  fibres  passing  between  the  adjacent  rough  margins  of  1 
two  bones  in  the  i>ositions  indicated  by  their  names. 

A  meniscus  (discus  articularis),  which  is  nearly  always  incomplete,  and  m 
occasionally  be  wanting,  is  usually  found  within  the  joint  cavity,  where  it  1 
obliquely,  with  its  upper  margin  farther  from  the  mesial  plane  than  its  loi 
margin,  and  having  its  borders  attached  to  the  surrounding  capsule.  Frequen 
the  meniscus  is  wedge-shai^ed,  with  its  base  directed  upwards  and  its  apex  free. 

A  s3movial  membrane  is  found  forming  either  a  single  or  a  double  sac,  according 
the  condition  of  the  meniscus.  Complete  division  of  the  joint  cavity,  however,  is  n 

Ligamentum  Coraco-claviculare. — Accessory  to  this  articulation  there  is 
strong  coraco-clavicular  ligament  which  binds  the  acromial  end  of  the  clavicle 
the  coracoid  process  of  the  scapula.     It  is  readily  divisible  into  two  parts,  viz. 
conoid  and  trapezoid  ligaments. 

The  conoid  ligament  (Fig.  219)  is  situated  internal  to  and  slightly  behind 
trapezoid.     It  is  narrow  and  pointed  at  its  inferior  end,  by  which  it  is  attacl 
to  the  upper  aspect  of  the  coracoid  process,  in  close  proximity  to  the  suprascapu 
notch.     Its  upper  end  widens  out  in  the  manner  expressed  by  its  name,  and 
attached  to  the  conoid  tubercle  of  the  clavicle. 

The  trapezoid  ligament  (Fig.  219)  is  attached  inferiorly  to  the  upper  surface  of  i 
posterior  half  of  the  coracoid  process,  external  and  anterior  to  the  attachment 


ACEOMIO-CLAVICULAE  JOINT.  275 

le  ooDoid  ligament.  Superiorly  it  is  attached  to  the  trapezoid  ridge  on  the  under 
irfaoe  of  the  aoromial  end  of  the  clavicle.  Its  outer  and  inner  borders  are  free, 
ts  anterior  surface  is  principally  directed  upwards,  and  its  posterior  surface,  to  a 
imilar  extent,  looks  downwards. 

A  synovial  bnzBa  usually  occupies  the  re-entrant  angle  between  these  two 
ligaments. 

HoTOnflntB  at  the  Olavicnlar  Joints. — The  movements  of  the  imicr  end  of  the  clavicle  at 
Uie  ittnio-claTiciilAr  joint  are  limited  in  their  range,  owing  to  the  tension  of  the  ligaments. 
When  the  shoulder  is  raised  or  depressed  the  outer  end  ot  the  clavicle  moves  upwards  and 
downwarda,  whilst  its  sternal  end  ghdes  upon  the  siuface  of  the  interarticular  meniscus  within 
iht  joint ;  when,  on  the  other  hand,  the  shoulder  is  carried  forwards  or  backwanls,  the  inner 
end  of  the  clavicle  along  with  the  interarticular  meniscus  moves  upon  the  stomal  facet  In 
addition  to  these  movements  of  elevation,  depression,  forward  movement  and  backward  move- 
wmt  of  the  clavicle,  there  is  also  allowed  at  the  stemo-clavicular  joint  a  certain  amount  of 
arcamduction  of  the  clavicle. 

The  part  which  i8  played  by  certain  of  the  ligaments  in  restraining  movement  requires 
caitfiil  coDflideration.  The  rhomboid  ligament  checks  excessive  elevation  of  the  shoulder,  and 
Mtninfl  within  certain  limits  both  backward  and  forward  movement  of  the  clavicle.  Wlien  the 
cUvicle  is  depressed,  as  in  cases  where  a  heavy  weight,  such  as  a  bucket  of  water,  is  carried  in  the 
hiod,  it  receives  support  by  resting  upon  the  first  rib,  and  the  tendency  for  the  inner  end  of  the 
booe  to  start  up  out  of  its  sternal  socket  is  obviated  by  the  tension  of  the  interarticular 
WB^KQM,  the  mterclavicolar  ligament,  and  the  anterior  and  posterior  stemo-clavicular 
lipBfnts. 

The  interarticnlar  meniscus  not  only  acts  as  a  cushion  which  lessens  the  shock  of  blows 
meiTed  upon  the  shoulder,  but  it  also  acts  as  a  most  important  bond  of  union,  and  prevents  the 
inner  end  of  the  clavicle  from  l>eiug  driven  upwards  upon  the  top  of  tlie  sternum  when  force  is 
applied  to  its  outer  end. 

The  movements  at  the  acromio-clavicalar  joint  are  of  sucli  a  kind  as  to  allow  the  inferior 
ingle,  and  to  some  extent  the  base  of  the  scapula,  to  remain  more  or  less  closely  applied  to  the 
cbttt-wall  during  the  various  movements  of  tlie  shoulder.  The  strong  connexion  i)etween  the 
flonooid  process  and  the  acromial  end  of  the  clavicle,  by  means  of  tiie  conoid  and  trapezoid 
ligunents,  renders  it  necessary  that  the  scapula  should  follow  the  clavicle  in  its  various 
eicureiona.  The  presence  of  the  acroinio-clavicular  joint,  however,  enables  the  scapula  to  change 
ill  position  somewhat  with  reference  to  the  clavicle  as  the  shoulder  is  moved.  Tnus,  when  the 
^Nolder  is  raised  and  depressed,  a  marked  difference  takes  place  in  the  angle  between  the  two 
boDtti;  again,  when  the  shoulder  is  thrown  forwards  or  backwards,  these  movements  can  1x3 
performed  without  altering  in  a  material  degree  the  direction  of  the  glenoid  cavity  of  the  scapula, 
or  in  other  words,  the  socket  of  the  shoulder-joint. 

Thf  conoid  and  trapezoid  ligaments  set  a  limit  upon  the  movemeutP  of  the  scapula  at  the 
Momio-clavicular  joint.  They  both,  but  more  particularly  the  trapezoid  ligament,"  ]>reveiit  the 
Momiou  process  of  the  scapula  from  being  carried  iuward  below  the  outer  end  of  the  clavicle 
thtn  blows  fall  upon  the  outer  aspect  of  the  shoulder. 

Ligaments  of  the  Scapula. 

These  ligaments  are  not  directly  connected  with  any  articulation.  The  coraco- 
leromial  ligament  (lig.  coraco-acromiale,  Fig.  219)  completes  the  arch  between  the 
OTdCoid  and  acromion  processes  of  the  scapula,  and  thus  pro\ides  a  secondary 
socket  for  the  greater  protection  and  security  of  the  shoulder-joint.  It  is  a  flat 
tiiangular  structure  stretched  tightly  between  its  lines  of  attachment.  By  its  base 
His  fixed  to  a  varying  amount  of  the  postero-exterual  border  of  the  coracoid 
pittjess,  and  by  its  narrower  apical  end  to  the  tip  of  the  acromion  process,  im- 
mediately external  to  the  acromio-clavicular  joint.  Its  surfaces  look  upwards  and 
downwards,  and  its  free  borders  outwards  and  inwards.  It  is  thinnest  in  the 
centre,  where  it  is  sometimes  ])erforated  by  a  prolonj^ation  of  the  tendon  of  the 
pectoralis  minor  muscle. 

The  Buprascapular  ligament  (lig.  transversum  scapula*  superius)  is  a  distinct  but 
Aort  tiat  band  which  bridges  the  notch  of  the  same  name.  It  may  be  continuous 
with  the  conoid  ligament,  and  it  is  fre(|uently  ossified.  As  a  rule  the  foramen 
wmpleted  by  this  ligament  transndts  the  suprasca])ular  nerve,  while  the  corre- 
•''■p)uding  vessels  travel  above  the  ligament  to  reach  the  sujjraspinous  fossa. 

A  small  duplicate  of  this  ligament  may  often  be  found  bridging  the  foramen  on 
its  ventral  aspect,  subjacent  to  whicli  small  branches  of  the  supriisca])ular  artery 
return  from  the  8upras})inous  to  tluj  subscapular  foss<x. 

The  spine -glenoid  ligament  (lig.  trunsversum  scaj)uhe  inferius;  consists  of 
another  set  of  bridging  fibres  which  are  situated  on  the  posterior  aspect  o^  \Xv^ 
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neck  of  the  scapula.  By  one  end  they  are  attached  to  the  external  border  of  tl 
scapular  spine,  and  by  the  other  to  the  adjacent  part  of  the  posterior  aspect  « 
the  head  of  the  scapula.  The  suprascapular  nerve  and  vessels  pass  subjacent  i 
this  ligament. 

THE  SHOULDER-JOINT. 

The  shoulder-joint  (articulatio  humeri)  is  one  of  the  largest  as  well  as  the  mo 
important  of  the  joints  of  the  upper  limb.  It  is  an  example  of  the  enarthrodii 
i.e.  ball-and-socket  variety  of  a  diarthrosis,  and,  at  the  cost  of  a  certain  amount  t 
security,  it  has  obtained  an  extended  range  of  movement. 

The  bones  which  enter  into  its  formation  are  the  glenoid  fossa  of  the  scapii 
and  the  head  of  the  humerus. 

The  glenoid  fossa  is  a  shallow  pyriform  articular  surface,  having  its  narrow  eo 
directed  upwards  and  slightly  forwards.  The  upper  half  of  the  anterior  margin  < 
the  fossa  is  characterised  by  a  shallow  notch  which  accommodates  the  narrow  pai 
of  the  subscapularis  muscle  as  it  runs  outwards  to  its  insertion.  At  the  apex  of  th 
fossa  there  is  a  flat  area  for  the  attachment  of  the  long  tendon  of  the  biceps  flexc 
cubiti  muscle.  The  head  of  the  humerus  is  hemispherical  and  articular,  whiL 
external  to  its  articular  margin,  there  is  a  slight  constriction  (the  anatomical  c 
true  neck  of  the  humerus),  which  is  moat  strongly  marked  in  relation  to  th 
greater  and  lesser  tuberosities  of  the  humerus. 

Under  ordinary  conditions  the  two  articular  surfaces  are  maintained  ii 
apposition  by  muscular  action,  aided  by  atmospheric  pressure,  and  thus,  when  tb 
muscles  are  removed,  the  bones  fall  asunder  to  the  full  extent  of  the  restraininj 
ligamenta  Only  a  small  part  of  the  humeral  head  is  in  contact  with  the  glenoii 
fossa  at  any  particular  moment,  because  the  former  is  much  larger  than  the  lattei 
but,  by  reason  of  the  shallow  character  of  this  fassa,  all  parts  of  the  two  articula 
surfaces  may  successively  be  brought  into  contact  with  each  other. 

In  the  position  of  rest,  as  the  limb  hangs  parallel  to  the  vertical  axis  of  th 
trunk,  the  inferior  aspect  of  the  neck  of  the  humerus  is  brought  into  close  relatio 
with  the  lower  i>art  of  the  glenoid  fossa. 

The  glenoid  ligament  (labrum  glenoidale,  Fig.  219)  deepens  the  glenoid  foes 
and  thus  extends  the  articular  surface.     It  is  situated  within  the  joint  capsule,  an 
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fiz.  a  hollow  cylinder.  By  its  upper  end  the  capsule  is  attached  to  the  circum- 
ference of  the  glenoid  fossa,  external  to  the  glenoid  ligament,  and  also,  to  a  consider- 
able extent,  to  the  glenoid  ligament  itself. 

By  its  lower  end  it  is  attached  to  the  neck  of  the  humerus,  and  therefore 
beyond  the  articular  area  of  the  head.  The  cajwule  is  strongest  on  its  sujierior 
aspect,  while  inferiorly,  where  the  neck  of  the  bone  is  least  defined,  it  exttmds 
downwards  for  a  short  distance  upon  the  humeral  shaft.  Its  fibres  for  the  nmst 
part  run  longitudinally,  but  a  certain  numlier  of  them  pursue  a  circular  direction. 

A  prolongation  of  the  capsule,  the  transverse  humeral  ligament  presenting  l)oth 
longitudinal  and  transverse  fibres,  bridges  that  part  of  the  bicipital  groove  which  is 
situated  between  the  tuberosities  of  the  humerus.  At  this  point  an  interruption 
in  the  capsule,  beneath  the  transverse  humeral  ligament,  permits  tlie  long  tendon 
of  the  biceps  to  escape  from  its  interior.  In  addition  to  the  opening  just  referred 
to,  there  is  another  very  constant  deficiency  in  the  upper  and  anterior  part  of 
the  capsule,  where  the  narrowing  tendon  of  the  subscapularis  muscle  is  brought 
into  contact  with  a  bursa  formed  by  a  protrusion  of  the  synovial  membrane.  This 
defect  in  the  capsule  has  its  long  axis  in  the  direction  of  the  longitudinal  fibres. 
Occasionally  there  is  a  similar  but  smaller  opening  under  cover  of  the  tendon  of 
the  infraspinatus  muscle.  Through  the  two  latter  openings  the  joint  cavity 
communicates  with  bursae  situated  between  the  capsule  and  the  muscles  re- 
ferred to. 

The  tendons  of  the  subscapularis,  supraspinatus,  and  infraspinatus  nmscles 
fuse  with,  and  so  strengthen,  the  capsule  as  they  approach  their  respective 
insertions. 

On  the  superior  aspect  of  the  articulation  the  cai)sule  is  augmented  by  an 
accessory  structure,  the  ligamentum  coraco-homerale  (Fig.  218).  By  its  inner  end, 
which  is  situated  immediately  above  the  glenoid  fossa,  but  subjacent  to  the  coraco- 
acromial  ligament,  it  is  attached  to  the  external  border  of  the  root  of  the  coracoid 
process,  while  its  outer  end  is  attached  to  the  humeral  neck  close  to  the  great  tuberosity. 
This  ligament  forms  a  flattened  band,  having  its  hinder  and  lower  border  fused  with 
the  capsule,  but 
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ligaments  are  three  in  number,  and  occupy  the  following  positions  :  the  superior  is  placed  ahortihi 
aperture  in  the  front  of  the  cajjsule  ;  the^  middle  and  inferior  on  the  antero-inferior  aspect  of  the 
capsule,  and  hehxv  the  aperture  mentioned. 

Tlie  8U]>erior  gleno-liumeral  ligament,  which  some  believe  to  represent  the  ligamentum  tem 
of  the  hip-joint,  Rpring>s  along  with  the  middle  gleno-humeral  band,  from  the  upper  part  of  tk 
anterior  glenoid  niai'gin.  The  inferior  band  is  tlie  strongest  of  the  three,  and  springs  from  tiu 
lower  i>art  of  the  antt^rior  glenoid  margin. 

Intra-capsnlar  Structures.— 1.  The  glenoid  ligament,  already  described.  1 
The  long  tendon  of  the  biceps  passes  outwards  from  its  attachment  to  the  apex  of 
the  glenoid  fossa  and  the  adjoining  part  of  the  glenoid  ligament,  above  the  head  and 
neck  of  the  humerus,  to  escape  from  the  interior  of  the  capsule  by  the  opening 
l>etween  the  tuberosities  of  the  humerus,  subjacent  to  the  transverse  humenu 
ligament. 

Synovial  membrane  (Fig.  220)  lines  the  capsule  of  the  joint,  and  extends  from 
the  margin  of  the  glenoid  fossa  to  the  humeral  attachments  of  the  capsule,  where  it 

is  reflected  towards  the 
margin  of  the  articular 
cartilage.     It  is  there- 
fore important  to  note 
that  the  inferior  aspect 
of  the  humeral  neck  has 
the    most   extensiye 
clothing  of  synovial 
membrane.    Further, 
the  synovial  membrane 
envelops  the  intra-cap- 
sular  part  of  the  tendon 
of  the  biceps,  and  al- 
though    this     tubular 
sheath  is  prolonged  upon 
the     tendon    into   the 
upper  part  of  the  bi- 
cipital groove,  yet  the 
closed  character  of  the 
synovial  cavity  is  main- 
tained.   Thus,  while  the 
tendon    is   within    the 
capsule,  it  is  not  within 
the  synovial  cavity.     The  synovial  membrane  is  continuous  with  those  burss 
which  communicate  with  the  joint  cavity  through  openings  in  the  ligamentous 
capsule. 

Bursse  (a)  Cminnunicating  with  the  Jmnt  Cavity. — Practically  there  is  only  one  bursa  whicl 
is  constant  in  its  jKisition,  viz.  the  aabscapolar,  between  the  caj)8iile  and  the  tendon  of  the  sub 
s<'a])ularis  muscle.  It  varies  considerably  in  its  dimensions,  but  its  lining  membrane  is  alwavi 
continuous  with  that  whicli  lines  the  capsule  (Figs.  217  and  218),  and  therefore  it  may  U 
i-eganknl  merely  as  a  prolongation  of  the  articular  synovial  membrane.  Occasionally  a  sindla: 
l»ut  smaller  bursa  occurs  l)etween  the  capsule  and  the  tendon  of  the  infraspinatus  muscle. 

(b)  Xot  cojnmunirafing  with  the  Joint  Cavity. — The  sub-deltoid  or  sub-acromial  bnna  i 
situated  l>etween  the  muscles  on  the  superior  aspect  of  the  shoulder-joint  on  the  one  hand  anc 
the  deltoid  muscle  on  the  other.  It  is  an  extensive  bursa,  and  is  i)rolonged  subjacent  to  th< 
acromion  j>n)ces.s  and  the  coraco-acromial  ligament  It  does  not  communicate  with  the  shoulder 
joint,  but  it  greatly  facilitates  the  movement^j  of  the  upper  end  of  the  humerus  against  the  ande' 
surface  of  the  coracc^aci'omial  arch. 

Movements  at  the  Shoulder-Joint— A  ball-and-socket  joint  jKrmits  of  a  great  variety  o 
movements,  practically  in  all  directions  ;  but  if  these  movements  Ik*  analysed,  it  will  be  seen  tha 
tlu'V  resolvi'  themsi'lvrs  into  movements  about  three  primary  axes  at  right  angles  to  each  other 
or  aljout  axes  which  are  the  j)ossi}»le  combinations  of  the  primary  ones. 

Tims,  al)f)Ut  atransvi'rse  axis,  the  limbuiay  move  forwards  (flexion)  or  l>ack wards  (exteniion) 
About  an  anten)-jKwt*'rinr  axis  it  may  move  outwards,  i.e.  away  from  the  mesial  plane  of  th« 
trunk  (abduction;,  or  inwanls,  /.*?.  towards,  and  to  some  extent  up  to,  the  mesial  pJam 
(adduction). 

About  a  vertical  axis,  the  humerus  may  rotate  upon  its  axis  in  an  inward  or  outward  direction 
lo  the  extent  of  a  quarter  of  a  circle. 


Crti^lty  of  Jolftt 


Fid.  220. —Vertical  Section  through  the  Shoulder- Joint. 
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these  axes  all  pass  through  the  shoulder-joint,  and  since  each  may  present  varying 
r  obliquity,  it  follows  that  very  elaborate  combinations  are  possible  until  the  movement 
iaction  is  evolved.  In  this  movement  the  head  of  the  humerus  acts  as  the  apex  of  a 
OTement  with  the  distal  end  of  the  humerus,  describing  the  base  of  the  cone, 
ange  of  the  shoulder-joint  movements  is  still  further  increased  from  the  mobility  of 
da  as  a  whole,  and  from  its  association  with  the  movements  of  the  clavicle  already 


V 


THE  ELBOW-JOINT. 


I  articulation  (articulatio  cubiti)  provides  an  instance  of  a  diarthrosis  capable 
nning  the  movements  of  flexion  and  extension  about  a  single  axis  placed 
raely,  i.e.  a  typical  ginglymus  diarthrosis  or  hinge-joint. 

bones  which  enter  into  its  formation  are  the  humerus,  ulna,  and  radius, 
chlea  of  the  humerus  articulates  with  the  greater  sigmoid  cavity  of  the 
rticulatio  humero-ulnaris) ;  the  capitellum  of  the  humerus  articulates  with 
low  depression  or  cup  on  the  superior  aspect  of  the  head  of  the  radius  (articu- 
imero-radialis).  The  articular  cartilage  clothing  the  trochlea  of  the  humerus 
ites  in  a  sinuous  or  concave  margin  both  anteriorly  and  posteriorly,  so  that 
not  line  either  the 
i  or  the  olecranon 
[nternally,  it  merely 
off  the  inner  margin 
trochlea,  but  exter- 

is  continuous  with 
icrusting  cartilage 
g  the  capitellum,  to 
rgin  of  which  the 
e  extends  in  all 
ns,  and  thus  it  pre- 
i  convex  edge  in 
.  to  the  supra-capi- 
r  radial  fossa.  The 
;e  which    lines   the 

sigmoid  cavity  of 
la  presents  a  trans- 
terruption,consider- 
der  on  its  inner  as 
ed  with  its  outer 
Thereby  the  coro- 
nd    olecranon   seg- 

of  the  fossa  are 
ed  from  each  other, 
tilage  wliich  clothes 
ronoid  segment  is 
ous  with  thatwhicli 

the  lesser  sigmoid 
The  shallow  cup- 
depression  on  the 
the  radius  is  covered 
ilage  which  rounds 
margin,  and  is  i)ro- 
•vithout  interruption 
le  vertical  aspect  of  tlie  head,  descending  to  its  lowest  level  on  tliat  part 
[  to  the  lesser  sigmoid  cavity. 

aments. — Taken  as  a  whole,  the  ligann^nts  form  a  complete  capsule  (capsula 
iris),  wliich  is  not  defective  at  any  point,  although  it  is  not  of  equal  thick- 
roughout,  and  certain  hands  of  til)res  stand  out  distinctly  because  of  their 

strength. 
J  anterior  ligament  (Fi/:.  22))  consists  of  a  layer  whose  fibrea  tww  m  ae\eT^\ 


{uliiorarlial) 


Frr..  221.— Antekiou  View  of  Elbow-Joint. 
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dire(;tioiis — obliquely,  transversely,  and  vertically — and  of  these  the  vertical  iihni 
are  of  most  importance.  It  is  attached  a})Ove  to  the  upper  margins  of  the  coronoid 
and  supracapitellar  fossie  ;  below,  to  the  margins  of  the  coronoid  pnxiess  and  to  the 
orliicular  ligament  of  the  superior  radio-ulnar  joint,  but  some  loosely  arranged 
fibres  reach  as  far  as  the  neck  of  the  radius.  The  lateral  portions  of  this  ligament^ 
which  are  situate<l  in  front  of  the  capitelluni  and  the  inner  margin  of  the  troehha: 
res|x^ctively,  are  much  thinner  and  weaker  than  the  central  part.  Fibres  of  orijjni 
of  the  brachialis  anticus  muscle  are  attached  to  the  front  of  this  ligament. 

The  posterior  ligament  is  an  extremely  thin,  almost  redundant  layer 
Superiorly  it  is  attached,  in  relation  to  the  margin  of  the  olecranon  fossa,  at  t- 
varying  distance  from  the  trochlear  articular  surface,  and  inferiorly  to  the  summit 
and  sides  of  the  lip  of  the  olecranon  process.  Externally  some  of  its  fibref^ 
l>ass  from  the  posterior  aspect  of  the  capitelluni  to  the  posterior  border  of  the  lesser 
sigmoid  cavity  of  the  ulna.  This  ligament  derives  material  support  from,  and 
participates  in  the  movements  of,  the  triceps  extensor  cubiti  muscle,  since  they  an 
closely  iidlierent  to  each  other  in  the  region  of  the  olecranon  process. 

Tlie  internal  lateral  ligament  (lig.  collaterale  ulnare,  Figs.  221  and  222)  is  a  fan-' 


I 


Itifceniml  c«iiMlyli* 


AiiU^Hor  part  of  int»*ni»l 
liu  in!  Ugament 

I '.P^  I  (I  for  imrt  of 
inti^rn^l  lateral  ligaiiiHit 


iWfvnon  procens 


Trntisvenni  fiiirt  uf  tiiwnoil  lAt«nl  kigaiuoDt 
Fig.  222.— Elbow- Joint  (iuner  a««p<rct). 

shaped  structure  of  unequal  thickness,  but  its  margins,  which  are  its  strongest  baoda, 
are  continuous  witli  the  adjoining  parts  of  the  anterior  and  posterior  ligamenta 
By  its  upper  tjnd  it  is  attached  to  the  anterior,  inferior,  and  posterior  asi^ects  of  the 
internal  condyle  of  the  humerus.  By  its  broad  lower  end  it  is  attached  to  the 
inner  margin  «)f  the  greater  sigmoid  cavity,  so  that  the  anterior  hand  is  associated 
princip:illy  with  tlie  inner  margin  of  the  coronoid  process,  and  the  posterior  band 
with  the  inner  margin  of  the  olecranon  process,  while  the  intermediate  weaker 
lK)rtion  sends  its  fibres  downwards  to  join  a  tra?isverse  hand,  sometimes  very  strong, 
which  bridges  the  notch  between  the  adjoining  inner  margins  of  the  coronoid  and 
olecranon  processes. 

Tlie  external  lateral  ligament  (lig.  collaterale  radiale,  Fig.  221)  is  a  strong 
flattened  band  attached  superiorly  to  the  lower  and  posterior  aspects  of  the  externid 
condyle  of  the  humerus.  It  completes  the  continuity  of  the  capsule  on  the  outer 
side,  and  blends  inferiorly  with  the  orbicular  ligament,  on  the  surface  of  which  its 
tibres  may  be  traced  both  to  the  anterior  and  posterior  entls  of  the  lesser  sigmoid 
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223. — Vertical  Section  thuough  the  Truchlkar  Part  ok  the 
Elbow-Joint. 


ch.     Both  of  the  lateral  ligaments  are  intimately  associated  with  the  muscles 
ich  take  origin  from  the  inner  and  outer  condyles  of  the  humerus. 
SynoYial  Pads  of  Fat  (Fig.  223). — Internal  to  the  capsule,  there  are  several  pads 
fat  situated  be- 
^nitandthesy- 
rial    membrane, 
all  pads  are  so 
ced  as  to  lie  im- 
diately  in  front 
;he  coroDoid  and 
pra-capitellar 
sie,  but  a  larger 
e  projects  bo- 
nis  the  olecra- 
Q  fossa. 

Bynovial  mem- 
ane  (Fig.  223) 
les  the  entire 
psule  and  clothes 
le  pads  of  fat 
bove  referreil  to. 
5  well  iis  those 
wrtions  of  Ixjne 
acloeed  within  the 
»pfiule  which  are 
not  covered  by 
irticular  cartilage. 
By  its  disjiosition 
die  elbow  and  the 
mperior    radio- 

oluar  j(>int8  possess  a  common  joint  cavity.     It  should  be  specially  noted  that  the 
u|'{«er  part  of  the  neck  of  the  radius  is  surrounded  by  this  synovial  membrane. 

Movements  at  the  Elbow- Joint. — The  movomi*nt.s  of  tin*  r.ulius  and  uhia  ujion  tlie  hinm*rus 
liavi'  alnady  Ik'C'U  ixifenvd  to  as  those  charactorisiTif?  a  uniaxial  joint  constriicti-'d  on  the  ]>lan  of 
I  Liiiire.  In  this  case  the  axis  of  the  joint  is  ohliquely  tran.'^vei'se,  so  that  in  the  extended 
^>?i!i"U  th«»  humerus  and  uhia  form  an  ohtuse  an^de  open  towanls  the  nidiu.s,  wlierea-^  in  tlie 
Ii-shiI  |M-i>ition  the  hand  is  carried  inwards  in  tlie  dir«*('tion  of  th(^  mouth.  Kxtreme  Hexinn  is 
Ij'^.k^-d  by  the  soft  parte  in  front  of  the  arm  and  oi'  the  fore-arm  coming  into  contact,  and 
xtMUf  t'Xteiision  hy  the  restraining  eftect  of  the  ligaments  and  muscles.  In  each  «;iM'  the 
ji'veinent  i:^  ehecke<l  l)efore  either  c^ronoid  or  ole(»ranon  ]>roeesses  come  into  contact  with  the 
■;nienis.  Tin-  anterior  and  posterior  bands  of  the  internal  lat(.-ral  ligament  are  imjjortant  faetoi'S 
1  tlk'S*';  rvr-ults.  Lateral  movement  of  the  ulna  is  not  a  characteristic  movement,  althou'di  it 
i:jy  o»xiir  to  a  slight  extent,  owing  to  a  want  of  complete  a<laptation  between  the  trochlrar 
irfii-e  f»f  the  liumerus  and  the  sigmoid  cavity  of  the  ulna.  This  incongruence  is  noteworthy 
R'.f.  the  inner  lip  of  the  trochlea  is  prominent  in  front,  and  the  <Miter  lip  is  prominent  ])ehin(l. 
"■iL^Mjiit-ntly,  this  latter  part  is  ass(jciated  with  a  surfaci*  on  the  (mter  side  of  the  olecranon 
Lich  i>  «:'nly  utilisetl  in  complete  extension. 

The  capitellum  and  th(!  opposing  surface  u])on  the  head  of  the  radius  are  always  in  varying 
•trrees  of  contact.  The  head  of  the  radius  participates  in  the  movements  of  flexion  and  exten- 
•n,  and  is  most  clos<.«ly  and  completely  in  contact  with  the  humerus  during  the  position  of  semi- 
•xion  and  st'ini -pronation.  In  complete  extension  a  very  consideral)le  part  of  tlie  capitellum  ih 
li^ovrre*!  by  the  radius. 

THE  RADIO-ULNAK  JOINTS. 

These  articulations,  which  are  two  in  number,  are  situated  at  the  proximal  and 
stal  ends  of  the  radius  and  ulna.  They  ])rovide  an  adaptation  whereby  the  radius 
'tates  aroimd  a  longitudinal  axis  in  the  movements  of  i)rouation  and  supination, 
nl  hence  this  form  of  uniaxial  diartlirosia  is  termed  lateral  ginglymus. 

Superior  Radio-ulnar  Joint  (articubttio  radio-ulnaris  proximalisj. — In  this 
iiit  the  articular  surfaces  wliich  enter  into  its  formation  are  the  lesser  sigmoid 
ivity  of  the  ulna  and  the  lateral  asj)ect  of  the  head  of  the  radius.  In  each  case 
le  articular  cartilage  is  continuous  with  an  articular  surface  entering  into  the 
►rination  of  tlie  elbow-joint,  unm^efpit-nth  the  joint  cavity  is  continwows  n\'\W\  W\^V 
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Olecranon  process 


cavity 


Transi  verse 
l>nrtian  of 

iEiti^'riiial  lateral 
fi^-jiii'ii^nt 

c  ii  i*f  I  t4ir  sigmoid 


Orbicular  ligament  Coronoid  process 

Fig.  224.— Orbicular  Lioambnt  of  the  Radius. 


of  the  elbow-joint,  and  therefore,  in  a  sense,  it  lies  witliin  the  cover  of  the  ca] 
of  the  elbow-joint ;  but  its  special  feature  is  the — 

Orbicular  ligament  (lig.  annulare  radii,  Figs.  221  and  224),  which  has  formerly 

mentioned  as  the  inferior  line 
attachment  of  the  external 
ligament   and   the  ligaments 
the  front  and  back  of  the  eV 
joint. 

It  is  a  strong,well-defined 
ture,  attached  by  its  extremit 
to  the  anterior  and  po6t6i 
margins  of  the  lesser  ai] 
cavity,  and  thus  it  forms  m 
four-fifths  of  an  osseo-tendiw 
circle  or  ring.  This  circle  is  aon 
what  wider  at  the  upper  than 
the  lower  margin  of  the  orbicnl 
ligament,  which,  by  encircling 
upper  part  of  the  neck  of 
radius,  tends  to  prevent  displM 
ment  of  the  head  of  that  bone  in  a  downward  direction.  The  lower  margin 
this  ligament  is  not  directly  attached  to  the  radius. 

The  synovial  membrane  is  continuous  with  that  which  lines  the  elbow-joint. 
closes  the  joint  cavity  at  the  inferior  unattached  margin  of  the  orbicular  ligamfl 
where  it  is  somewhat  loosely  arranged  in  its  reflexion  from  the  ligament  to  " 
neck  of  the  radius. 

Inferior  Radio-nlnar  Joint  (articulatio  radio-uluaris  distalis). — This  joint 
situated  between  the  sigmoid  cavity  on  the  inner  side  of  the  lower  end  of 
radius  and  the  lateral  aspect  of  the  head  of  the  ulna.     In  addition,  it  includes 
inferior   surfiice   of  the  head  of  the  ulna,  which  articulates  with    the    su 
surface  of  a  triangular  plate  of  fibro-cartilage,  by  means  of  which  the  joint 
excluded  from  the  radio-carpal  articulation 

The  triangular  interarticular  fibro-cartilage  (discus  articularis.  Figs.  225  and  227 
besides  presenting  articular  surfaces  to  two  separate  joints,  is  an  important  ligamea 
concerned  in  binding  together  the  lower  ends  of  the  radius  and  ulna.     It  is  attachsq 
by  its  apex  to  the  de- 
pression   at   the   outer 
side  of  the  root  of  the 
styloid  process   of  the 
ulna,  and  by  its  base  to 
the   sharp   line   of  de- 
marcation between  the 
sigmoid  cavity  and  the 
carpal  articular  surface 
of  the  radius. 

The  ligamentous  cap- 
sule is  very  imperfect,  and  consists  of  scattered  fibres,  termed  the  anterior  aui 
posterior  radio-ulnar  ligaments  (Fig.  226).  These  ligaments  pass  transversdf 
Ijetween  adjoining  non -articular  surfaces  on  the  radius  and  ulna,  and  are  of  suffioienfr 
length  to  ixjrmit  of  the  movements  of  the  radius  in  pronation  and  supination. 

The  synovial  membrane  completes  the  closure  of  the  joint  cavity.  It  forms  * 
loose  bulging  projection  (recessus  sEicciformis),  passing  upwards  between  the  lowtt 
ends  of  the  shafts  of  the  radius  and  ulna,  and  it  also  clothes  the  upper  surface  of 
the  triangular  fibro-cartilage  (Fig.  227).  The  cavity  of  this  joint  is  quite  distinct 
from  that  of  the  radio-carpal  articulation,  except  when  tlie  triangular  tibro-cartilAge 
presents  a  perforation. 

Between  the  foregoing  articulations  there  are  two  accessory  ligaments,  viz.  the 
interosseous  membrane  and  the  oblique  ligament,  which  connect  together  the  shafts 
of  the  radius  and  ulna. 


[fi^il  fi(  II Ilia 


Surfaro  1 1 
Hcaphoid  XxAiv 
Groove  for  tcDdom 
of  extenftof  1oii>giis 
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Fk;.  225.— Carpal  Articular  Surface  ok  thb  R.\dius,  and 
Triangular  Firro-cartilaok  ok  the  Wrist. 
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The  intenwaaons  membrane  (Fig.  222)  of  the  fore-arm  (membrana  inten)8seA  inter- 
iraohii)  is  a  strong  iibrous  membrane  which  stretches  across  the  interval  between 
she  radius  and  ulna,  and  is  firmly  attached  to  the  interosseous  border  of  each.  Below^ 
%  extends  downwards  to  the  lower  limit  of  the  apace  between  the  bones,  whilst 
ibove  it  does  not  reach  higher  than  a  point  about  one  inch  below  the  tuberosity 
if  ihe  radius.  A  gap,  called  the  hiatus  interosseus,  is  thus  left  above  its  upper 
■nrgin,  and  through  this  the  posterior  interosseous  vessels  pass  backwards  between 
Bie  liones  to  reach  the  dorsal  aspect  of  the  fore-arm.  This  gap  is  boimded  above 
bj  the  oblique  ligament.  The  fibres  which  compose  the  interosseous  membrane 
pan  for  the  most  part  downwards  and  inwards  from  the  radius  to  the  uhia,  altliough 
m  its  dorsal  aspect  several  bands  may  be  observed  stretching  in  an  opposite  direc- 
tion. The  interosseous  membrane  augments  the  surface  available  for  tlie  origin  of 
||ie  muscles  of  the  fore-arm ;  it  bra^.-es  the  radius  and  ulna  together ;  and  when 
ibocks  are  communicated  from  the  hand  to  the  radius,  owing  to  the  direction  of  its 
Ibres,  the  interasseous  membrane  transmits  these,  to  some  slight  extent,  to  the  ulna. 
h  The  oblique  ligament  (Fig.  222)  is  a  slender  tendinous  band  of  very  varying 
Ifctength  wliich  springs  from  the  outer  part  of  the  coronoid  process  of  the  ulna,  and 
itoetches  obliquely  downwards  and  outwards  to  the  radius  where  it  is  attached 
■miediately  lielow  the  bicipital  tuberosity. 

I    Morements  of  the  Badius  on  the  Ulna. — The  axis  ubcmt  wlni-li  Iho  radius  inovt*.^  is  a 

lligitiidinal  one,  having  one  end  iwLssinf;  thnmgh  the  centi-e  of  the  htvid  of  the  radius  and 

lieiith«:r  throii^^h  the  styloid  j)roces8  of  the.  ulna  and  the  line,  of  the  ring-finger.     In  this  axis 

w  licad  of  the  radius  is  so  securetl  tliat  it  can  only  rotate  u]»on  the  li*ser  sigmoid  cavity 

S|f  the  ulna  within  the  orbicular  ligament,  and  consequently  the  radial  head  renuiins  upon  the 

mm^  plane  a.s  the   ulna ;    hut  the  lower  end   of  the  radius  Inking  merely  restrained  l»y  the 

irular  til»n.)-eartilage,  is  able,  to  describe  nearly  a  half-circle,  of  whicli  the  ajiex   (jf  this 

iiient  is  the  centre.     In  this  nioyement  the  mdius  carries  the  hand  from  a  ])osition  in  which 

'  palm  is  din^te<l  forwarrls,  and  in  which  the  radius  and  ulna  lie  j)arallel  to  each  other 

puiation.'.  to  one  in  which  the  palm  is  din-ctHl  lyackwanis,  and  the  radius  lies  difigi^ially  across 

t  front  uf  the  ulna  (pronation). 

f      The  ulna  is  un<ible  to  rotate  upon  a  long  axis,  but  while  the  riulius  is  travelling  tln'ough  the 

:-«cof  a  circle  from  without  inwaids  in  fnmt  of  the  ulna,  it  will  usually  Ik*  seen  that  the  ulna 

„Mppi'iT>  to  m<»ve  through  the  arc  of  a  smaller  circle  in  the  reyerse  direction,  viz.  from  within 

■wtTArds.     If  the  humerus  Ix*  pi-evented  from  nKA'ing  at  the  shoulder- joint,  a  very  large  i>i-opor- 

tiuu,  if  not  the  entiit*  amount,  of  this  aj)par»rnt  moyement  of  the  ulna  will  disapi)ear.     At  the 

aui-  time  s«.nie  observers  maintain  that  it  really  occurs  at  the  elbow- joint,  associated  with  lateral 

Bowiuent  during  slight  degrees  of  tlexion  and  extension  at  thai  joint. 

THE  KADlU-CAliPAL  JOINT. 

I      This  joint  (articulatio  radiocarpea)  is  a  bi-axial  diarthrosis,  frequently  ciilled  a 

I  ojBilyLjid  joint. 

The  articular  elements  which  enter  into  its  form  ition  are:  on  its  proximal  sid(%  the 
inferior  surface  of  the  lower  end  of  the  radius,  toj^ether  with  the  inferior  surface  of 
the  triangular  fibro-cartilage  ;  on  its  distal  side,  the  su])erior  articular  surface-^  of  the 
Raj»hoid,  semilunar,  and  cuneiform  bones.  Thu  articular  surface  of  the  radius  is 
concave  lK)th  in  its  antero-posterior  ami  transverse  diameti^s,  in  order  to  adapt 
ii*lf  to  the  opjjosing  surfa(jes  of  the  8ca])hoid  and  semilunar,  which  are  convex  in 
iht  two  axes  named.  In  the  ordinary  straight  ])0.sitioii  of  the  hand  the  triangular 
til»ro-Lartilage  is  in  contact  with  the  semilunar  hone,  and  tlu»  upj)ei' articular  surface 
of  the  cuneifonn  bone  is  in  contact  with  the  ca])sule  of  the  joint.  When,  however, 
the  hand  is  bent  towards  the  ulna,  tlie  cuneiform  bone  is  (;arried  outwards  as  well 
4Sthe  a-mihtnar  and  scaphoid,  and  the  triangular  libro-cartilage  comes  into  contact 
with  th*;  cuneiform.  The  articular  surface  of  the  radius  is  subdivided  by  an  antero- 
posterior, slightly  elevated  ridge,  into  an  outer  trianguhir  iaret  which  usually  arti- 
'-ulates  with  the  scaphoid,  and  an  inner  quadrilateral  facet  for  articuhition  witb  a 
[•ortion  of  the  semilunar  bone. 

In  the  int<jrvals  between  the  sca]>hoid,  semilunar,  and  Cuneiform  ])ones,  the  con- 
'inuity  of  the  articular  surfaces  is  usually  maintained  by  the  ]»resence  of  intcrosseou.^s 
li.L'ameiits  which  are  situated  u\Km  tlit^  same  lovt-l  as  tin;  articular  cartilage. 

Ligaments. — A  capsular  ligament  comjdelely  surrounds  the  joint.     It  is  some- 
what loosely  arranged,  and  jKUinits  of  subdivision  into  tli(i  Ibllowing  portions : — 
The  external  lateral  ligament  (i^'ig.  liliO;  is  a  well-delined  l>and  whk\\  is  aUe^AwA 
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Anterior 
ulnar  li^ 


Internal  Ult^ml 


Pisiform 


by  one  end  to  the  tip  of  the  styloid  process  of  the  radius,  and  by  the  otl 

rough  area  at  the  base  of  the  tubercle  of  the  scaphoid  bone,  i.e.  externa 

radial  articular  surface. 

Tlio  internal  lateral  ligament  (Fig.  226)  is  also  a  distinct  rounded  st 

having  one  end  attached  to  the  tip  of  the  styloid  process  of  the  ulna,  and  the 

the  rough  non-a 
border  of  the  cu 
bone,  some  of  it 
being  prolongeil 
pisiform  bone. 

The  anterior  I 
(Fig.  226)  is  a 
superiorly  to  the « 
margin  of  the  loi 
of  the  radius,  as 
slightly  to  the 
the  styloid  proces 
ulna.  Some  tra 
fibres  may  be  se 
the  greater  numl 
obliquely  down  wa 
inwards  to  the 
non-articular  sur 
the  scaphoid,  sen 
and  cuneiform 
while  some  of  th( 
even  be  continues 
as  the  OS  ma 
Those  fibres  fr< 
ulna  run  obliqm 
wards.  On  its 
aspect  this  ligai 
the  triangular  fibro-cartilage 


Oii  DiagnuhL,  ^ 

1  laments  rm 

iug  rn.i: 

UDciform  praonM 


Fio.  226." 


-L1UAMENT8   ON    ANTEUIOK   ASPECT   OK    RaDIO-CARPAU 

Carpal,  axd  Carpo-metacarpal  Joints. 


closely  adherent  to  the  anterior  border  of 
inferior  mdio-ulnar  articulation. 

The  posterior  ligament  extends  from  tlie  posterior  margin  of  the  Iom 
of  the  radius,  obliquely  downwards  and  inwards,  to  the  dorsal  non-ai 
areas  on  the  proximal  row  of  the  carpal  bones.  The  slip  to  the  latter  asi 
forming  the  fibrous  sheath  through  which  the  tendon  of  the  extensor  carpi 
muscle  travels  to  its  insertion.  The  principal  bundle  of  fibres  is  connect* 
the  cuneiform  bone. 

The  s3movial  membrane  (Fig.  227)  is  simple,  and  is  confined  to  the  artici 
except  in  those  cases  in  which  the  triangular  fibro-cartilage  is  perforated,  or  ii 
one  of  the  interosseous  ligaments  between  the  carpal  bones  of  the  first  row  is 

Movements  at  the  Badio-carpal  Joint. — The  radio-carpal  joint  affords  au  ex(%>lleiit 
of  a  biaxial  articulation,  iu  which  a  lung  tnmsverse  axis  of  movement  is  situate  more  c 
right  angles  to  a  short  axis  placed  in'  the  antero-posterior  direction.  The  nature  of  th 
ments  which  are  pos-sible  about  these  two  axes  is  essentially  the  same  in  both  cases,  vit 
and  extension.  The  movements  about  the  longer  transverse  axis  are  anterior  or  palmar 
extension,  and  its  continuation  into  dorsi-fiexion.  About  the  shorter  antero-posterior  axi 
movements  which  result  from  combinwl  action  by  certain  flexor  and  extensor  muscles,  ^ 
the  radial  or  ulnar  borders  of  the  hand  may  be  apj)roximated  tr)ward8  the  corresponding 
of  the  fore-arm.  Liit<*ral  movement  may  also  be  pa-^ible  to  a  slight  extent  The  range  < 
ment  in  connexion  with  either  of  the  principal  axes  is  largely  a  matter  of  individual  pec 
for,  with  the  exc^»ption  of  the  lateral  liganu'iit-s  then?  is  no  tjerious  obstacle  to  the  culti^ 
greater  mobility  at  the  radio-carpal  joint. 


CARPAL  JOINTS. 

The  articulations  subsisting  between  the  individual  carpal  bones  (articul 
intercarpeae)  are  all  diarthroses,  and  although  the  total  amount  of  mo^ 
throughout  the  series  is  considerable,  yet  the  extent  of  movement  which  is  j 
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iBlween  the  two  rows  or  between  any  two  carpal  bones  is  extremely  limited. 
For  this  reason,  as  well  as  because  of  the  nature  of  the  movement,  these  articula- 
ioiis  are  called  gliding  joints  (arthrodia). 

^  It  is  advisable  to  consider, ^rs^,  the  articulations  between  individual  bones  of 
lie  proximal  tow;  second,  the  articulations  between  the  separate  bones  of  the 
|Btal  row ;  third,  the  articulation  of  the  proximal  and  distal  rows  with  each  other ; 
fmrth,  the  pisiform  articulation. 

■  The  proximal  row  of  carpal  articulations  (Fig.  226)  comprises  the  joints 
between  the  scaphoid,  semilunar,  and  cuneiform  bones.  On  their  adjacent  lateral 
■pects  these  bones  are  partly  articular  and  partly  non-articular. 
!  Three  sets  of  simple  but  strong,  although  short  ligamentous  bands  bind  these 
Ihree  carpsil  ])one8  together,  and  form  an  investment  lor  three  sides  of  their  inter- 
Bupal  joints.  These  are — (1)  the  anterior  or  palmar  ligaments,  two  in  number,  which 
ymsist  of  transverse  fibres  passing  l)etween  the  adjacent  rough  palmar  surfaces  of 
the  bones ;  (2)  the  posterior  or  dorsal  ligaments,  also  two  in  number,  and  composed 
tf  similar  short  transverse  fibres  passing  between  the  adjacent  dorsal  surfaces ; 
S)the  interosseons  ligaments  (Fig.  227),  again  two  in  numl)er,  and  transverse  in 
iiiection,  situated  on  a  level  with  the  superior  articular  surfaces,  and  extending  from 
dke  palmar  to  the  dorsal  aspect  of  the  bones,  while  attached  to  non-articular  areas  oi' 
khe  opposing  surfaces.  The  radio-carpal  joint  is  entirely  shut  off  from  tht^  inter- 
wpal  joints,  and  also  from  the  joint  between  the  two  rows  of  carpal  bones,  except  in 
rue  cases,  when  an  interosseous  ligament  is  wanting. 

The  distal  row  of  carpal  articulations  (Fig.  226)  includes  the  joints  tetween 
the  tr.ipezium,  trapezoid,  os  magnum,  and  unciform  bones.  Articular  facets  occur 
OQ  the  opposing  lateral  faces  of  the  individual  bones. 

Associated  with  this  row  there  are  again  simple  bands  of  considerable  strength, 
ind  presenting  an  arrangement  similar  to  that  seen  in  the  proximal  row.  As  in 
the  former  case,  they  invest  the  intercarpal  articulations,  except  on  the  superior 
■spect,  where  they  communicate  with  the  transverse  carpal  joint,  and  on  the  inferior 
Mpect,  where  they  communicate  with  the  carpo-metacarpal  joint  cavity. 

The  anterior  or  palmar  ligaments  are  three  in  number.  They  extend  in  a  trans- 
Terse  direction  between  contiguous  portions  of  the  rough  palmar  surfaces  of  the 
bones.  The  posterior  or  dorsal  ligaments,  also  three  in  number,  are  similarly  dis- 
posed on  the  dorsal  asjject.  The  interosseous  ligaments  (Fig.  227)  are  two  or  three 
in  number.  That  wliich  joins  os  magnum  to  unciform  is  the  strongest ;  that 
between  the  trapezoid  and  os  magnum  is  situated  towards  the  dorsal  parts  of  their 
opposing  surfaces ;  the  third,  situated  betw^een  contiguous  non-articular  surfaces 
of  the  trapezium  and  trapezoid,  is  always  tlie  feeblest,  and  is  frequently  absent. 

Tlie  transverse  carpal  articulation  (Fig.  227)  is  situated  between  the  proximal 
and  distal  rows  of  the  carpus.  The  bones  of  the  proximal  row  [u-esent  the  following 
characters  on  iheir  inferior  or  distal  aspect.  The  outer  part  of  the  articular  surface 
is  deeply  concave,  both  in  the  antero-posterior  and  in  the  transverse  directions,  but 
the  iuner  part  of  the  same  surface  is  concavo-convex,  more  especially  in  the  trans- 
verse direction. 

Superiorly,  the  articular  surfaces  of  the  distal  row  of  carpal  bones  present  an 
irre^mlar  outline.  That  part  pertaining  to  the  tra^zium  and  trapezoid  is  concave 
in  the  antero-posterior  and  transverse  directions,  and  lies  at  a  considerably  lower 
level  than  the  portion  belonging  to  the  os  magnum  and  unciform,  which  is,  niore- 
)ver,  markedly  convex  in  the  antero-posterior  and  transverse  directions,  witli  the 
ixcpption  of  the  innermost  part  of  the  unciform,  where  it  is  eoncavo-con\ox  in 
•^.^tli  of  these  directions. 

This  articulation  is  invested  by  a  complete  short  capsule  fFig.  1?2G)  wiiich  binds 
lif  two  rows  of  the  carjms  together,  and  sends  prolongations  to  the  investing 
^ipsuhns  of  tliH  ]»roximal  and  distal  articulations.  The  ligament  as  a  wliole  is  vtrv 
troii^,  and  individual  bands  are  not  readily  defined,  althoii<:li  (-ertain  s]H*cial  bands 
nay  1)0  described.  The  palmar  ligaments  radiate  from  the  os  magnum  t(»  tlie  scaplioid, 
uru'iform,  and  pisiform.  The  interval  ])otween  the  os  magnum  and  semilunar  is 
ff.upied  by  oblique  fibres,  some  of  which  pass  from  scaphoid  to  cuneiform,  while 
lu'se  are  joined  by  others,  proloiii^ed  o])liquely  downwards  and  iuwuidft^^wwvWwi 
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radial  end  of  the  auterior  radio-carpal  ligament.     By  these  different  banc 
palniar  aspect  of  the  joint  is  completely  closed. 

The  dorsal  ligaments  are  more  feel)le  than  the  palmar.  They  form  a  thin,  Ic 
arranged  stratum,  in  which  the  only  noteworthy  bands  are  one  which  joii 
scaphoid  to  os  magnum,  and  another  which  joins  cuneiform  to  unciform. 

The  external  lateral  ligament  (lig.  collaterale  carpi  radiale.  Fig.  227)  e^ 
between  contiguous  rough    areas   on    the   radial    aspects  of    the   acaphoic 
trapezium.     By  its  margins  it  is  continuous  both  with  the  palmar  and 
ligaments. 

The  internal  lateral  ligament  (lig.  collaterale  carpi  ulnare.  Fig.  227)  is  an 
like  the  former  in  regard  to  its  margins,  and  by  its  ends  it  is  attached  to  th 
tiguous  rough  ulnar  surfaces  of  the  cuneiform  and  unciform  bones. 

Both  of  these  lateral  ligaments  are  directly  continuous  with  the  correspc 
lateral  ligaments  of  the  radio-carpal  joint. 

An  interoBseons  ligament  (Fig.  227)  is  occasionally  found  within  the  a 
extending  across  the  joint  cavity  between  the  os  magnum  and  the  scaphoid. 

The  pisi-<)uneiform  articulation  is  an  arthroidal  diarthroais.  The  n 
articular  surfaces  of  the  two  bones  are  flattened  and  circular,  and  only  perm 
small  amount  of  gliding  movement. 

The  joint  is  provided  with  a  thin  but  complete  capsnle  of  fibrous  tissue, 
is  specially  strengthened  inferiorly  by  two  strong  bands,  viz.  pisi-nnciform  (lig 
hamatum)  and  pisi-metacarpal  (Ug.  pisometacarpeum.  Fig.  226).  Both  of 
bands  extend  from  the  lower  and  inner  aspect  of  the  pisiform  to  adjoining  p 
the  hook  of  the  unciform  and  base  of  the  fifth  metcwjarpal  lx)ne  respectively, 
great  extent  these  ligamentous  bands  may  be  regarded  as  extensions  of  t 
sertion  of  the  tendon  of  the  flexor  carpi  ulnaris  muscle  which  is  attached 
upper  part  of  the  pisiform  bone.  Looked  at  as  ligaments,  however,  th< 
specially  strong  to  prevent  the  displacement  of  the  pisiform  bone  during  cc 
tion  of  the  muscle  inserted  into  it. 

The  synovial  membranes  (Fig.  227)  of  the  carpal  joints  are  two  in  uumbe 

these,  one  is  restrict 
the  pisi-cuneiform  ar 
tion,  and  is  correspon 
simple,althoughoccasi 
the  joint  cavity  maj 
municate  with  that 
radio-carpal  joint. 

The  other  synovial 
brane  is  associated  wi 
transverse  carpal  joint 
extends  transverse 
tween  the  two  rows  of 
bones,  with  prolonf 
into  the  vertical  in 
between  the  adjoining 
of  each  row,  i.e.  the 
carpal  articulations, 
therefore, an  elaborate 
which  may  be  still  i 
extended,  by  the  absi 
interosseous  ligament 
to  reach  the  radio-car] 
carpo- metacarpal  ge 
joints.  The  first  coj 
Ls  rare,  but  the  second  is  not  uncommon,  and  results  from  the  absence  of  the 
osseous  ligament  between  trapezium  and  trapezoid,  or  of  that  lietween  tn 
and  OS  magnum. 


Trei^Ratd 


Trapnifiifri 


Kio.  227.— Coronal  Section  through  the  radio-carpal,  cariml,  carpo- 
metacarpal, and  intermetacari>al  joints,  to  show  joint  cavities  and 
int«>roA8eou8  ligauientii  (diagrammatic ). 
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INTERMETACARPAL  JOINTS. 

I    The  four  inner  metacarpal  bones  articulate  with  each  other  at  their  proximal 
^  "  i  or  bases,  between  the  opposing  surfaces  of  which  joint  cavities  are  found — 
~  Ell  diarthroees.     These  cavities  are  continuous  with  the  carpo-metacarpal 
at  (not  yet  described),  and  hence  the  ligamentous  arrangements  only  enclose 
I  aspects  of  each  joint. 

Three  strong  transverse  ligamentB  (Figs.  226  and  227)  bind  adjacent  palmar, 
al,  and  interosseous  areas  of  the  bases  of  the  metacarpal  bones,  and  hence  they 
called  ligamenta  basiiim  (oss.  metacarp.)  velaria,  dorsalia  et  interossea.     A 
^^  aovial  membrane  is  associated  with  each  of  these  joints,  but  it  may  be  regarded 
p  a  prolongation  from  the  carpo-metacarpal  articulation. 

CARPO-METACARPAL   JOINTS. 

The  articulation  of  the  metacarpal  bone  of   the  thumb  with  the  trapezium 
"era  in  so  many  respects  from  the  articulation  between  the  other  metacarpal 

\  and  the  carpus,  that  it  must  be  considered  separately. 
{A)  The  articulatio  carpo-metacarpea  pollicis  (Figs.  226  and  227)  is  the  joint 
en  the  infero-external  surface  of  the  trapezium  and  the  superior  surface  of 
>  base  of  the  first  metacarpal  bone.     Both  of  these  surfaces  are  saddle-shaped,  and 
'  articulate  by  mutual  co-aptation. 

The  joint-cavity  is  surrounded  by  a  fibrous  capsule,  in  which  we  may  recognise 
f;jilmar,  dorsal,  externiil,  and  internal  lateral  bands,  the  last  being  the  strongest  and 
^most  important. 

SjBovial  membrane  lines  the  capsule,  and  the  joint-cavity  is  isolated  and  quite 
nparate  from  the  other  carpal  and  carpo-metacarpal  articulations. 

At  this  joint  movcmente  occur  about  at  leant  three  axes.  Thus,  around  a  more  or  less  traiis- 
Tene  axis,  flexion  and  extension  take  place ;  in  an  antero-}>osterior  axis  abdaction  and  addaction 
(iioT«ments  which  have  reference  to  tne  middle  line  of  the  hand)  are  found  ;  wliile  a  certain 
moQnt  of  rotation  is  possible  in  the  longitudinal  axis  of  the  digit.  The  very  characteristic 
■orement  of  opposition,  in  which  the  tip  of  the  thumb  mav  be  applied  t<j  the  tips  of  all  tht^ 
fingen,  results  from  a  combination  of  flexion,  adduction,  and*^  rotAtion,  and  by  combining  all  the 
moremeuts  possible*  at  the  various  axes  a  considerable  de^ee  of  circamdaction  may  be  produced, 
in«jpit*of  the  fact  that  this  is  not  a  ball-and-socket  joint.i 

[B)  The  articolationes  carpo-metacarpese  digitorum  are  the  joints  between 
the  bases  of  the  four  inner  metacarpal  bones  and  the  four  bones  of  the  distal  row 
of  the  carpus.  They  are  all  arthrodial  diarthroses,  and  the  opposed  articular 
surfaces  present  alternate  elevations  and  depressious  which  form  a  series  of 
interlocking  joints.  The  joint  cavities  between  the  carpal  bones  of  the  distal 
WW,  and  also  the  more  extensive  intermetacarpal  joint  cavities,  open  into  this 
articulation. 

This  series  of  joints  is  invested  by  a  common  capsule  which  is  weakest  on  its 
radial  j<ide,  but  is  otherwise  well  defined.  Its  fibres  arrange  themselves  in  small 
alil*,  which  pass  obliquely  in  different  directions,  and  vary  in  numl>er  for  each 
nietacariial  Ume.  Thus  the  oblique  palmar  ligaments  (ligamenta  carpo-nietacar[>ea 
volaria,  Fig.  225)  usually  consist  of  one  slip  for  each  metacarpal  bone,  })ut  there 
maj  be  two  slips,  and  the  third  metacarpal  bone  frequently  has  three,  ol"  wliich  one 
lies  obliquely  in  front  of  the  tendon  of  the  flexor  (•ari)i  radialis  muscle. 

The  oblique  dorsal  ligaments  (ligamenta  carpo-nietacarpea  dorsalia)  are  similar 
short  luinds,  of  greater  strength  and  clearer  deHnition,  by  which  the  index  meta- 
:Nirpal  is  lx)und  to  the  trapezium  and  trapezoid ;  the  middle  metacarpal  to  the  os 
uagnum,  and  frequently  to  the  tra^^zoid  ;  the  ring  metacarpal  to  the  os  nuiguuni 
md  unciform,  and  the  metacarpal  of  the  minimus  to  the  unciform. 

Interosseous  ligaments,  one  or  sometimes  two  in  number,  occur  within  the  capsule. 
They  are  usually  situated  in  relation  to  one  or  both  of  the  contiguous  margins  of 
he  bases  of  the  third  and  fourth  nietiw^irpal  }>one8,  from  w^bich  they  extend 
ipwards  to  adjacent  margins  of  the.  os  magnum  and  uneiforni.  Occasionally  they 
re  sufficiently  developed  to  divide  the  joint  aivity  into  radial  and  ulnar  secUons. 
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The  sjrnovial  membrane  (Pig.  227)  is  usually  single  and  lines  the  capsule,  bi 
lis  already  explained,  it  has  prolongations  into  the  intermetacarpal  and  ioti 
cari)al  series  of  joints.  In  connexion  with  the  latter,  the  frequent  abseooe 
the  interosseous  hgainent  between  the  trapezium  and  trapezoid  permits  the! 
communication  of  this  joint-cavity  with  that  of  the  transverse  carpal  joint 

METACARPO-PHALANGEAL  JOINTS. 

In  the  case  of  the  pollex  this  joint  is  constructed  on  the  plan  of  a  gingiva 
diarthrosis ;  the  four  corresponding  joints  of  the  lingers  are  also  diarthroBes  a 
slightly  modified  ball-and-socket  variety.     With  the  exception  of  the  metacar] 

bone  of  the  ])ollox,  each  metacarpal  bone  has  a  somewl 
spherical  hciid  articulating  with  a  shallow  oval  cup  up 
the  l>ase  of  the  first  phalanx.  It  is  important  to  note  tl 
the  articular  surface  upon  the  head  of  each  of  these  mei 
carpal  bones  is  wider  on  the  palmar  aspect  and  narroi 
on  the  dorsal  aspect.  The  articulation  in  the  thu 
presents  features  similar  to  those  of  an  inter-phalangi 
joint. 

Each  joint  possesses  an  articular  capsule  (Fig.  2S 

which   presents  very  different  degrees   of  strength 

different  aspects  of  the  articulation.     Thus,  on  the  don 

as].x^ct,  it  cannot  he  demonstrated  as  an  independe 

^  structure,  but  the  necessity  for  dorsal  ligaments  is  U 

I  large  extent  obviated  by  the  presence  of  the  stra 

1  flattened  expansions  of  the  extensor  tendons. 

The  internal  and  external  lateral  ligaments  (ligama 

coUateralia,  Fig.  228)  are  strong  cord-like  bands  whi 

^  pass  from  the  tubercles  and  adjacent  depressions  on  i 

sides  of  the  heads  of  the  metacarpal  bones  to  the  contiguo 

non-articular  areas  on  the  bases  of  the  proximal  phalang 

They  are  intimately  coimected  on  their  anterior  aspe( 

with  the  palmar  ligaments. 

^         The  palmar  ligunents  consist  of  thick  plates  of  fibi 

I  cartilage  loosely  connected  to  the  metacarpal  lx)nes,  I 

firmly  adherent  to   the   phalanges.      They   are  plac 

between  the  lateral  ligaments,  to  both  of  which  they  a 

in  each  case  connected.     Each  plate  is  grooved  on  t 

palmar  surface  for  the  long  flexor  tendons,  whilst  on 

reverse  or  joint  surface  it  8upj)orts  and  glides  upon  t 

head  ()f  the  metacarpal  bone  during  flexion  and  ext^nsi 

of  the  joint.     In  the  case  of  the  thumb  this  jdate 

228. -Mktacari'o-i'halan-  fibro-cartilage  usually  develops  to  sesamoid  })ones,a 

<;eal  and  Ixterphalanoeal  [jj  i)^^  ^^se  of  the  index  finger  one  such  sesamoid  nodi 

'*  *'*^**  is  frequently  found  at  the  radial  side  of  the  plate. 

An  important  accessory  ligament  is  found  in  connexion  with  the  four  ini 

metacarpo-phalangeal  articulations,  viz. : — 

The  Transverse  Metacarpal  Ligament. — This  structure  binds  together  the  db 
extremities  of  the  four  inner  metacarpal  bones.  The  name  is  applied  to  three  i 
of  transverse  fibres  of  great  strength  w^hich  are  situated  in  front  of  the  three  in 
interosseous  spaces.  These  fibres  are  continuous  with  the  palmar  metacar 
phalangeal  ligaments  at  their  lateral  margins. 

A  sjrnovial  membrane  lines  the  investing  capsule  of  each  joint. 

ixterphalax(;eal  .iol\ts. 

Of  thest*  jcunts  there  are  two  for  each  finger  ancl  one  for  the  thumb.  Thej 
correspond,  in  being  ginglymus  diarthroses  in  which  the  trochlear  character  of  t! 
articular  surfaces  is  associated  with  one  axis  of  movement  lUrected  transversely 

In  their  general  arrangement  they  corresj^md  with  each  c)ther,  and  to  a  h 
extent  with  the  metacaqjo-phalangeal  series  already  descril>ed.     Each  is  provi 
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with  a  definite  caiNnile  (Fig.  228),  of  which  the  pahnar  and  cord-like  lateral  portions 
^  are  well  marked,  while  on  the  dorsal  aspect  the  extensor  tendons  act  as  the  chief 
\  support.  The  palmar  ligaments  are  fibrous  plates  of  considerable  thickness,  and 
I  are  attached  to  the  two  lateral  ligaments  and  to  the  intervening  rough  surface  on 
'  the  distal  phalanges,  while  their  proximal  margins  are  not  attached  to  bone.  Each 
ligament  has  its  lateral  margins  prolonged  proximally  to  the  adjacent  sharply- 
defined  lateral  ridges  on  the  phalangeal  shafts. 

The  lateral  ligaments  (Fig.  228)  are  strong,  rounded,  short  bands,  continuous  with 
the  preceding,  and  attached  to  adjacent  non-articular  lateral  aspects  of  the  phalanges. 
Each  joint  possesses   a   ssrnovial    membrane  which   lines  its  capsule,   but  its 
tnangement  presents  no  special  peculiarity. 

MOYEMENTS   OF  THB   CaRPAL,   INTERMETACARPAL,   MeTACARPO-PHALANGEAL 

AND  Interphalangeal  Joints. 

The  amount  of  movement  which  is  possible  at  individual  joints  of  the  intercarpal,  inter- 
metacarpal, and  caroo-metacarpal  series  is  extremely  limited,  both  on  account  of  the  interlocking 
natuie  of  the  articular  surfaces  and  the  restraining  character  of  the  ligamentous  bands.  Taken 
V  a  whole,  however,  the  movements  of  the  carpus  and  mt^tacarpus  enable  the  liand  to  perform 
manv  variefl  and  important  functions*.  This  is  largely  due  to  the  greater  mobility  of  tliose  joints* 
on  tie  railial  and  ulnar  borders  of  the  hand,  as  well  as  to  the  general  elasticity  of  tlui  arches 
fcfrmed  by  the  cai']>u8  and  metacarpus.  These  conditions  particiuarly  favour  the  movements  of 
opposition  and  prelicnsiou.  In  the  opposite  direction,  i.e.  when  pressure  is  applied  from  the 
pilmar  asp^ct^  the  metacarpal  and  carpal  arches  tend  to  become  flattened,  but  great  elasticity  is 
imparted  by  the  tension  of  the  various  ligaments. 

The  four  inner  metacarpo-phalangeal  joints  are  ball-and-socket  joints,  and  movements  of 
ptlmir-flexion  and  extension  are  freely  periformed  about  a  transverse  axis.  In  exceptional  case.s 
a  certain  amount  of  dorsi-flexion  is  possible.  A1x)ut  an  ant«ro-posterior  axis  movements  occur 
which  are  usually  referred  to  the  middle  line  of  the  hand,  and  hence  called  abduction  and 
adduction,  but  in  consequence  of  the  difference  in  the  width  of  the  articidar  surface  on  the  doi-aal 
and  palmar  aspects  of  the  heads  of  the  four  inner  metacarpal  bones  it  is  only  possible  to  obtain 
aWuction  when  the  joints  are  extended,  while  in  the  flexea  position  tlie  joints  become  locked  and 
abdnction  is  impossible. 

The  movements  of  the  index  finder  are  less  hampered  than  in  the  case  of  the  others,  but 
vac\i  of  them  can  perform  a  modified  Rind  of  circamdaction. 

Tlie  metacarpo-phalangeal  joint  of  the  thumb  and  all  the  interphalangeal  joints  are  uniaxial 
or  liinge-jointd  acting  about  a  transverse  axis,  which  permits  of  palmar-flexion  and  extension 
being  fivt'ly  performed,  but  dorsi-flexion  is,  as  a  rule,  entirely  prevented  by  the  palnuir  and  lateral 
ligaments. 

ARTICULATIONS  AND   LIGAMENTS   OF   THE   PELVIS. 


Although  we  may  consider  the  pelvis  as  a  separate  part  of  the  skeleton,  yet  it 
is  ej<s<Mitial  to  remember  that  the  bones  which  enter  into  its  composition  belong  to 
the  s])inal  column  (sacrum,  coccyx)  and  the  lower  limb  (innominate  bone).  Accord- 
int;ly,  the  articulations,  with  their  corresponding  ligaments,  may  be  arranged  as 
follows :  — 

((O  Those  by  which  the  segments  of  the  c(X.'cyx  are  joined  togetlier  (already 

described,  v.  p.  264) : 
(b)  That  by  which  the  sacrum   articulates  w^ith    the  coccyx    (already  de- 
scribed, v.  p.  264) ; 
V)  Those  by  which  the  sacrum  articulates  with  the  last  lumbar  vertebra 

(Lumbo-sacral  joints) : 
{(I)  Those   by  whicli    the    innominate   bones   are   attached    to   the   spinal 

column  (Sacro-iliac  joints) ; 
(e)  That  by  which  the  innominate  bones  are  attached  to  each  other   Sym- 
physis pubis). 

LT^MBO-SACRAL  JOINTS. 

The    articulation  of  sacrum  with    the    fifth    lumbar    vertebra  is  constructed 

precisL'ly  on  the  principle  of  the  articulations  between  two  typical  vertebne,  and 

the  usual  ligaments  associated  with  such  joints  an*  rei)eate(l.     There  is,  however,  an 

additional  accessory  ligament,  termed  the  lateral  lumbo-sacral  ligament  (^F\\r^.  11^\ 
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This  extends  from  the  front  of  the  inferior  border  of  the  transverse  process  of 
hist  himbar  vertebra,  downwards  and  shghtly  outwards,  to  the  front  of  the  latent 
aspttct  of  the  ala  of  the  sacrum,  close  to  the  sacro-iliac  joint.  Further,  a  variaUi 
membranous  band  extends  between  the  lateral  tispect  of  the  lower  part  of  the  bo^ 
of  the  last  lumbar  vertebra  and  the  front  of  the  ala  of  the  sacrum.  This  band  fin 
in  front  of  the  anterior  primary  division  of  the  fifth  lumbar  nerve. 

SACKO-ILIAC  JOINT. 

Each  innominate  bone  articulates  with  the  sacral  section  of  the  spinal  eolumii 
on  eabh  side  through  the  intervention  of  a  diarthrosis,  termed  the  sacro-iliac  jofart 
(articulatio  sacro-iliaca). 

This  joint  is  formed  between  the  contiguous  auricular  surfaces  of  the  sacrum 
and  ilium.  Each  of  these  surfaces  is  more  or  less  completely  clothed  by  hyaline 
articular  cartilage.  The  joint  cavity,  which  is  little  more  than  a  capillary  interval, 
may  be  crossed  by  fibrous  bands. 

The  joint  cavity  is  surrounded  by  ligaments  of  varying  thickness  and  strength. 


Great  j«cit>.Kc|«lle 


Small  <«cfQhictatk'  foratni^u 
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Fi<;.  229. — Coronal  Section  of  Pelaxs. 

which  constitute  its  capsule.  Thus  the  anterior  part  of  the  investing  capsule  iB 
thin,  and  consists  of  short  but  strong  fibres  which  pass  l)etween  adjoining  surfaces 
on  the  ala  of  the  sacrum  and  the  iliac  fossa  of  the  innominate  bone ;  they  form  the 
anterior  sacro-iliac  ligament  (lij;.  sacro-iliacum  anterius,  Fig.  229).  On  the  posterior 
aspect  there  are  two  ligaments.  The  short  posterior  sacro-iliac  ligament  (lig.  sacro- 
iliacum  jx)sterius  breve,  P'ig.  230)  consists  of  numerous  strong  fasciculi,  which  pass 
from  the  rough  area  on  the  inner  aspect  of  the  ilium,  above  and  behind  its 
auricular  surface,  downwards  and  inwards  to  the  transverse  tubercles  and  the 
depressions  k^hind  tlie  first  and  second  segments  of  th(*  sacrum.  This  ligament 
is  of  great  stn»ngth,  and  with  its  fellow  it  is  n^sponsible  for  suspending  the 
sacrum  and  the  w^eight  of  the  superimposed  trunk  from  the  innominate  l)one8. 

The   long  or  oblique  posterior  sacro-iliac  ligament   (lig.   sacro-iliacum  posterius 
longum,  Fig  230)  is  a   superficial  thickened  portion   of  the   preceding  ligament. 
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It  cousista  of  a  definite  band  of  fibres  passing  from  the  i)!)Rtero-8iiperic>r  iliac  spine 
to  the  transverse  tuliercles  of  the  third  and  fourth  8e<,Mneiita  of  the  wicnnn. 

The  synovial  cavity  of  this  joint  is  very  imperfect  and  rudimentary. 

Several  ac-ces»»ry  ligaments  are  as8«Kjiated  with  the  articulati(»n  of  the  in- 
nominate l)one  to  the  sacral  section  of  the  spinal  column. 

The  ilio-lumbar  ligament  (lig.  ilio-lumbale,  Fi<r.  220).  which  is   merely   the 


Uio  lumbar  li^'aiueyt 
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liikkriufd  anterior  lamina  of  the  fascia  lumliorum,  extends  from  the  ti]»  of  the 
iruisxj'rw  process  of  the  last  lumbar  vertebra,  almost  hoiiznntally  outwards,  to  thr 
uiiu'V  \i\}  of  the  iliac  crest  at  a  j»oint  a  sliort  distance  behind  its  highest  Kivel. 
A  jToiHirtion  of  these  fibres  is  attached  to  the  inner  nmcrb  surface  of  the  ilium 
lrtwe«*n  the  iliac  CR'St  and  the  auricular  impressifui.  To  these  the  name  of  the 
lig.  ilio-lumbale  inferius  is  applied. 

The  great  or  posterior  sacro-sciatic  ligament  (li^^  saero-tiibrrosum,  V'v^.  2:)0) 
is  .somewhat  triangular  in  outline.  It  occupies  tb(»  int(;rvjil  betwt'eii  the  sacrum 
;anl  tljc  innominate  bone,  and  is  attached  mesially  to  tbi;  ])osterior  inferior  s])ine 
'.>r  thr  ilium;  to  the  posterior  as])ect  of  the  transverse  tubercles  and  lateral 
fi.arjins  of  the  third,  f»>urth,  and  fifth  sejimenls  of  tb*;  sacrum,  as  well  as  to  I  he 
>i«le  «»f  the  lirst  segmtMit  of  the  coi*(;yx.  It  ]iasses  downwanls  and  o\itwards, 
I'l.Hjomin^:  narrower  as  it  approaclu's  the  ischium,  ne  ir  to  which,  b«)wevcr.  it  again 
expands,  to  be  attachotl  to  the  inner  si<b^  of  the  ischial  tubi-rosiiy.  inunrdiately 
U'ltw  the  groove  for  the  tembui  of  the  olituratnr  in  tern  us  jiiusclc.  i.r.  the  lcs.sor 
sciatic  nt»tch.     xV  continuation  of  the  inner  l>onler  n['  ibc  ligament — \W-  '^io^^u^^a 
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falciformis  (Fig.  230) — runs  upwards   aud   forwards  on  the  inner  aspect  of  tb 
ramus  of  the  ischium. 

The  great  sacro-sciatic  ligament  is  believed  by  many  to  represent  the  origimi 
or  proximal  end  of  the  long  or  ischial  head  of  the  biceps  flexor  cruris  nniscia 

The  small  or  anterior  sacro-sciatic  ligament  (lig.  sacro-spinosum,  Figs.  229  aal 
2.S0)  is  situated  in  front,  and  in  a  measure  under  cover  of  the  great  sacro-sciati 
ligament.  Triangular  in  form,  it  is  attached  by  its  base  to  the  last  two  segments rf 
the  sacrum  and  the  first  segment  of  the  coccyx,  and  by  its  pointed  apex  to  the  til 
and  upper  aspect  of  the  ischial  spine.  This  ligament  is  intimately  associatol 
with  the  coccygeus  muscle,  and  by  some  it  is  regarded  as  l^eing  derived  from  it  ly 
fibrous  transformation  of  the  muscle  fasciculi. 

By  the  great  and  small  sacro-sciatic  ligaments  the  two  sciatic  notches  of  tb 
innominate  bone  are  converted  into  foramina.     Thus  the  small  sacro-sciatic  li|^ 
ment  completes  the  lK)undaries  of  the  great  sciatic  foramen  (foramen  ischiadicam 
majus);  while  the  great  sacro-sciatic  ligament,  assisted  by  the  small  sacro-sciatie 
ligament,  closes  the  small  sciatic  foramen  (foramen  ischia(ficum  minus). 

SYMPHYSIS  PUBIS. 

The  anterior  wall  of  the  osseous  pelvis  is  completed  by  the  articulation  of  the  | 
bodies  of  the  two  pubic  bones  constituting  the  symplisrsis  pubis.  This  joint  con-  i 
fonns  in  its  construction  to  the  general  plan  of  an  amphiarthrosis.  Thus  it  il 
mesial  in  position ;  each  pubic  bone  is  covered  by  a  layer  of  hyaline  cartilage, 
which  closely  adapts  itself  to  the  rough  tuberculated  surface  of  the  pubic  bone ; 
while  between  these  two  hyaline  plates  there  is  an  interposed  fil^ro-cartilaga 
(lamina  fibro-cartilaginea  interpubica),  in  the  interior  of  which  there  is  usuaUf 
a  vertical  antero-posterior  cleft.  This  cavity,  which  is  placed  nearer  the  posterior 
than  the  anterior  aspect  of  the  joint,  does  not  appear  until  l)etween  the  seventh 
and  tenth  years,  and  as  it  is  not  lined  by  a  synovial  membrane,  it  is  supposed  to 
result  from  the  breaking  down  of  the  interpubic  lamina. 

The  anterior  pubic  ligament  (lig.  pubicum  anterius,  Fig.  229)  is  a  structure  rf 
consid(iral)le  thickness  and  strength.  Its  superficial  fibres,  which  are  derived  veij 
largely  from  the  tendons  and  aponeuroses  of  adjoining  muscles,  are  oblique,  and 
form  an  interlaced  decussation.  The  deeper  fibres  are  short,  and  extend  trans- 
versely from  one  pubic  bone  to  the  other. 

The  posterior  pubic  ligament  (lig.  pubicum  posterius,  Fig.  230)  is  very  weak, 
and  consists  of  scjittered  fibres  which  extend  transversely  Ijetween  contiguous 
[>ubic  surfaces  posterior  to  the  articulation. 

The  superior  pubic  ligament  (lig.  pubicum  sui^rius,  Fig.  229)  is  likewise  weak, 
and  consists  of  transverse  fibres  passing  betwx^en  the  two  pubic  crests. 

The  inferior  or  subpubic  ligament  (lig.  pubicum  inferius  vel  lig.  arcuatum  pubis, 
Fig.  230)  occupies  the  arch  of  the  pubis,  and  is  of  considerable  strength.  It  givee 
roundness  to  the  pubic  arch  and  forms  part  of  the  i>elvic  outlet.  It  has  con- 
siderable vertical  thickness  immediatt^ly  below  the  interpubic  disc  to  which  it  ia 
attjiched.  Laterally  it  is  attached  to  adjacent  sides  of  the  descending  rami  of  the 
pubis.  Its  lower  border  is  free,  and  separated  from  the  triangular  ligament  ol 
the  perineum  by  a  transverse  oval  interval  through  which  the  dorsal  vein  of  the 
penis  passes  backwards  to  the  interior  of  the  i)elvis. 

The  Triangular  Ligament  of  the  Perineum. 

The  triangular  ligament  of  the  perineum  is  a  membranous  structure  whict 
occupies  the  pubic  arch  below  and  distinct  from  the  sul)pubic  ligament.  It  assist) 
in  completing  the  i)elvic  walls  anteriorly  in  the  same  manner  that  the  obturato: 
membrane  does  laterally.  Indeed,  these  two  structures  occupy  the  same  mor 
phological  plane.  The  triangular  ligament  presents  two  surfaces — one  superficia 
or  ]>erineal ;  the  other  deep,  or  pelvic,  and  both  of  these  surfaces  are  associatec 
with  muscles.  Its  lateral  borders  are  attached  to  the  sides  of  the  pubic  arch 
while  its  base  is  somewhat  ill-defined,  by  reason  of  its  fusion  with  the  fascia  o 
CoUes  in  the  urethral  region  of  the  perineum. 
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The  apex  of  the  triangular  ligament  is  truncated,  free,  and  well  defined,  constitut- 
0g  the  tnuuvane  perineiJ  ligament,  above  which  there  is  the  interval  for  the  dorstil 
rein  of  the  penis.  It  is  pierced  by  a  number  of  vessels  and  nerves,  but  the 
principal  opening  is  situated  mesially  one  inch  below  the  pubic  arch,  and  transmits 
tbe  urethra. 

The  Obturator  Membrane. 

The    obtarator    membrane    (membrana    obturatoria,    ¥ig.  232)    occupies    the 

obturator   or    thyroid    foramen.      It   is  attached    to   the   pelvic  aspect  of    the 

circumference  of  this  foramen.     It  consists  of  fibres  irregularly  arranged  and  of 

varying  strength,  so  that  sometimes  it  almost  appears  fenestrated.     At  the  highest 

part  of  the  foramen  it  is  incomplete  and  foims  a  U-shaped  border,  between  which 

and  the  bony  circumference  of  the  foramen,  the  obturator  canal  (caualia  obtura- 

torius)  is  formed.     In  this  position  the  membrane  is  continuous  with  the  parietal 

pelvic  fascia  which  clothes  the  inner  side  of  the  obturator  internus  muscle,  above 

the  upper  free  margin  of  the  muscle.     From   the  outer  or  crural  aspect  of  tlie 

membrane  some  of  its  fibres  are  prolonged  to  the  antero-inferior  aspect  of   the 

capsule  of  the  hip-joint. 

lf^<>>MLw^afn  and  Movements  of  the  Pelvis. — ^The  human  pelvis  presents  a  mechanism  tlic 
principal  requirement  of  which  is  stability  and  not  movement,  for,  through  the  pelvis,  the  weight 
of  the  trunk,  superimposed  upon  the  sacrum,  is  transmitted  to  the  lower  limbs.  Moreover,  itis 
lability  is  largely  concerned  in  the  maintenance  of  the  erect  attitude.  The  movements  of  its 
TirioM  parts  are  therefore  merely  such  as  are  consistent  with  stability,  without  producing  absolute 
rigidity. 

The  two  innominate  l»ones,  l)eing  bound  togetlier  by  jwwerful  ligaments  at  the  pubic  articula- 
tiosi,  constitute  an  inverted  arch,  of  which  the  convexity  is  directed  downwards  and  forwaids, 
while  its  piers  are  turned  upwards  and  backwards,  and  considerably  expanded  in  relation  to  the 
liinder  parts  of  tlie  iliac  bones.  Between  the  piers  of  this  inverted  arcli  the  sacrum  is  situated. 
This  bone  is  in  no  sense  a  key -stone  to  an  arch,  because,  as  may  readily  U?  seen  in  autero-posterior 
tnitfverae  section,  the  sacrum  is  wider  in  front  than  behind,  and  the  superixised  weight  naturally 
tiflids  to  make  the  sacrum  fall  tcjwaids  the  pelvic  cavity,  and  so  fit  less  closely  l)etween  the 
innominate  bones.  The  sacrum  is  in  reality  an  oblique  platform,  in  contact  with  each  iunominatt* 
bone  tbrouch  its  articular  auricular  surfiices,  and  in  this  ix>sition  it  is  susi)end(Kl  ])y  the  iK)sterior 
:acro-iliac  ligaments,  and  kept  securely  in  place  by  th<*  **grip"  due  to  the  irregularity  of  the 
oppowd  surfaces  of  the  two  sacro-iliac  arti<'uhitions.  Since  the  weight  of  the  trunk  is  trans- 
mittrtl  to  thf  anterior  and  upi>er  t;nd  of  this  sacral  platform,  there  is  a  natural  tendency  tor  the 
wnnn  to  revolve  upon  the  transvei-se  axis  which  passes  through  its  Siici'o-iliae  joints.  If  this 
Wert  pfrmitte*!,  the  promontory  of  the  sacrum  would  rot-ate  downwards  and  forwaitls  towaitl^ 
the  jHjIvic  cavity,  as  really  does  occur  in  cvrtain  deformities.  This  ivvolution  or  tilting  dowu- 
wnrfH  of  the  fon*part  of  the  sacrum  is  preventt^l  by  the  artion  of  the  givat  and  small  siici-o- 
*iatic  Hgaineiits,  extending  from  the  ischial  tu]>erosity  to  tlie  hinder  and  lower  end  of  the 
>u.-jwn'ltfl  platform  of  the  sacrum.  Not  only  so,  but  the,<H».  ligaments,  aeting  on  a  rigid  sacrum, 
tend  to  hold  up  the  weight  upon  the  sacral  promontory. 

The  vari<ius  ligaments  passing  1x4 ween  the  hist  lumbar  vertebra  and  the  siicrum  and  ilium 

retain  the  weight  of  the  trunk  in  position  upon  the  anterior  end  of  the  sacrum,  and  resist  its 

tendency  to  slip  forwards  and  downwards  towards  the  pelvic  cavity.     Tlie  entire  weight  of  the 

inirik  and  jwdvis  is  transmitted  to  the  heads  of  the  thigh  bones  in   the  most  advantageous 

ii^wtion,  both  for  effectiveness  and  the  strengthening  of  the  inverted  innominate  arch,  for  it  will 

f*- evident  that  the  heads  of  the  femora  thrust  inwarfls  upon  the  convex  side  of  the  arcli,  very 

uiuch  at  the  place  where  the  arches  are  weakest,  viz.  at  the  springing  of  the  arch  from  its  piers. 

The  forues  which  tend  to  cause  movement  of  the  pehnc  bones  during  ])artuntion  act  from  within 

the  jH-lvis,  and  have  for  their  object  the  incn*ase  of  the  various  pelvic  diametei-s,  in  onler  tliat 

the  fecial  head  may  more  readily  Ix*  transmitte<l.    For  this  i>uriM>st.'  the  wedge-like  dorsal  surface 

«>f  the  sacrum  is  driven  backwards,  and  a  certain  amount  of  extra  space  mav  thereby  )>e  obtaine<l. 

Xn  imix)rtant  factor,  however,  in  the  incivase  of  the  pelvic  capacity  at  this  i)eri(Hj  is  found  in 

I  he  n-laxation  of  its  various  ligaments. 


THK   ARTICULATIONS   OF  THE  LOWER   EXTREMITY. 

THK    HIP-JOINT. 

The  human  body  provides  no  more  perfect  example  of  an  enartlirodial  diarthrosis 
than  the  hip-joint  (articulatio  eoxie).  CombintMl  with  all  that  variety  of  movement 
wiiich  characterises  a  multi-axial  joint,  it  nevertheless  presents  gn-at  stability,  which 
has  lieen  obtained  by  simple  uTrnu^t^iiH'nts,  tor  restricting  the  rau^^je  oi  iVft  \i^\,\M^ 
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movements.  This  sttibility  is  of  paramount  importance  for  the  maintenance  of  tki 
erect  attitude,  and  the  mechanical  adaptations  whereby  this  result  is  obtained  oi 
such  that  the  erect  attitude  may  be  preserved  without  any. great  degree  of  sufitainel 
muscular  effort. 

Articular  Surfaces. — The  head  of  the  femur  is  globular  in  shape,  and  conBid» 
ably  exceeds  a  hemisphere.     It  is  clothed  by  hyaline  articular  cartilage  on  thoa 

parts  which  come  into  direct 
contact  with  the  acetabuluLJ 
There  is  frequently  more  Qt 
less  of  extension  of  tte 
articular  cartilage  from  tin 
head  to  theadjoininganteiior 
part  of  the  neck,  an  extendoB 
which  is  accounted  for  by  the 
close  and  constant  appodtioQ 
of  this  portion  of  the  neck 
with  the  hinder  aspect  of 
the  ilio  -  femoral  ligament 
The  limit  of  the  articular 
T  cartilage  covering  the  bead 
I  is  indicated  by  a  sinuous 
^  lx)rder.  Further,  there  is  an 
I  absence  of  articular  cartilage 
I  from  the  pit  or  depressioD 
^  on  the  head  of  the  femur, 
f  The  acetabulum  is  a  deep 
d  cup-shaped  cavity  which  pre- 
sents an  interruption ornotch 
on  its  antero-inferior  margin. 
The  interior  of  the  cup  is 
lined  by  a  ribbon -like  band 
of  articular  cartilage  which 
extends  to  the  brim  of  the 
cavity,  but  does  not  cover  the 
floor  of  the  cup.  This  ar- 
ticular ribbon -shaped  banc 
is  widest  on  its  supero-posterior  aspect,  and  narrowest  at  the  anterior  margin  o1 
the  notch. 

The  transverse  ligament  (lig.  transversum  acetabuli,  Fig.  231)  bridges  the  ace 
tabular  notch,  and  consists  of  strong  transverse  fibres  which  are  attached  to  botl 
of  its  margins,  but  more  extensively  to  the  postero-inferior.  This  ligament  doe 
not  entirely  till  the  notch,  but  leaves  an  open  interval  l)etween  its  lower  border  ani 
the  bottom  of  the  notch  through  which  vessels  and  nerves  enter  the  cup.  Tb 
acetabular  tisj)ect  of  this  ligament  constitutes  an  articular  surface. 

The  acetabulum  is  deepened  by  the  cotyloid  ligament  (labrum  glenoidale.  Fig} 
231  and  232),  which  consists  of  a  strong  ring  of  tibro-cartilaginous  tissue  attache 
to  the  entire  rim  of  the  cup.  The  attached  surface  of  the  ring  is  broader  than  it 
free  edge,  and,  moreover,  the  latter  is  somewhat  contracted,  so  that  the  ligamen 
grasps  the  head  of  the  femur  which  it  encircle?.  Its  fibres  are  partly  oblique  an 
partly  circular  in  their  direction.  By  the  former  it  is  firmly  implanted  on  the  rii 
of  the  acetabulum  and  the  transverse  ligament  of  the  notch ;  by  the  latter  th 
depth  of  the  cup  is  increased  through  tlie  elevation  of  its  edge,  and  its  mout 
slightly  narrowt'd.     By  one  surface  this  ligament  is  also  articular. 

A  capsule  (capsula  articularis.  Figs.  230  and  232)  completely  invests  the  join 
cavity.  This  is  a  fibrous  membrane  of  great  strength,  although  it  is  not  of  equf 
thickness  throughout,  being  considerably  thicker  on  the  supero-anterior  aspect  tha 
at  any  other  i>art.  Unlike  tlie  corresponding  structure  of  the  shoulder-joint,  it  doe 
not  permit  of  the  withdrawal  of  the  head  of  the  femur  from  contact  with  the  aceta 
bular  articular  surfaces,  except  to  a  very  limited  extent.     Its  fibres  are  arrange 


Fn;.  231. — Dissection  of  the  Hip- Joint. 

Bottom  of  tlu*  acetabulum  removed,  ami  capsule  of  the  joiut  thrown 
outwanl«  towanls  the  trochanters. 
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yoXh  in  the  circular  and  in  the  longitudinal  direction,  the  former,  known  as  the 
fona  orbicQlaiiB,  heing  best  marked  posteriorly,  while  the  longitudinal  fibres  stand 
out  more  distinctlj  in  front,  where  they  constitute  special  ligaments.     Looked  at 
as  a  whole,  the  capsule  has  the  following  attachments:   superiorly  it  surrounds 
the  acetabulum,  on  the  upper  and  hinder  aspects  of  which  it  is  attached  directly 
U)  the  innominate  bone,  while  on  the  front  and  lower  aspects  it  is  attached  to  the 
non-articular  surfaces  of  the  cotyloid   and   transverse  ligaments;    inferiorly  it 
encircles  the  neck  of  the  femur,  where  it  is  attached  in  fi'ont  to  the  anterior  inter- 
trochanteric line ;  above,  to  the  inner  aspect  of  the  root  of  the  great  trochanter ; 
below,  to  the  lower  part  of  the  neck  of  the  femur,  in  close  proximity  to  the  small 
;    trochanter;  behind,  to  the  line  of  junction  of  the  outer  and  middle  thirds  of  the 
\  neck  of  the  femur.     It  is  a  matter  of  some  importance  to  note  that  only  part 
of  the  posterior  surface  of  the  neck  of  the  femur  is  enclosed  within  the  capsule. 
The  femoral  attachments  of  the  capsule  vary  considerably  in  their  strength,  being 
particularly  firm  above  and  in  front,  but  much  weaker  below  and  behind,  where 
the  orbicular  fibres  are  well  seen.     Many  fibres  of  the  capsule  are  reflected  from 
its  deep  aspect  upwards  upon  the  neck  of  the  femur,  where  they  form  ridges,  and 
to  these  the  term  rectinaenla  (Fig.  231)  is  applied. 

The  longitudinal  fibres  of  the  capsule  are  arranged  so  as  to  form  certain  definite 
bands,  viz : — 

(1)  The  ilia-femoral  ligament  (Ug.  ilio-femorale.  Fig.  232)  consists  of  a  triangular 
set  of  fibres  attached  above,  by  their  apex,  to  the  lower  part  of  the  anterior  inferior 

\  iliac  spine  and  the  immediately  adjoining  part  of  the  rim  of  the  acetabulum,  and 
below,  by  their  base,  to  the  anterior  intertrochanteric  Une  of  the  femur.  This 
ligament  is  the  thickest  part  of  the  capsule,  but  its  sides  are  more  pronounced  than 
its  centre,  especially  towards  its  base.  Consequently  the  ilio- femoral  band  presents 
some  resemblance  to  an  inverted  Y  (A),  and  therefore  it  is  very  generally  known 
as  the  Y-shaped  ligament  of  Bigelow. 

The  out4fr  or  upper  liiiil)  of  the  ilio-fenioral  ligament  may  l>e  somewhat  extended  by  the 
inehisioii  of  additional  longitudinal  fibres,  and  described  as  the  ilio-trochanteric  ligament  (Jig. 
ilio-trochantericum).  This  band  arises  from  llie  anterior  part  of  the  dorsum  of  the  acetabulum, 
and  extends  to  the  femoral  neck,  close  to  tlie  anterior  end  of  the  inner  surface  of  the  great 
trodianter. 

(2)  The  pubo-femoral  or  pubo-capsular  ligament  (lig.  pubo-femorale  v.  pubo- 
capsulare.  Fig.  232)  is  composed  of  some  bands  of  fibres  of  no  great  strength, 
which  extend  from  the  outer  end  of  the  horizontal  ramus  of  the  pubis,  the  ilio- 
pectineal  eminence,  the  obturator  crest  and  the  obturator  membrane,  to  lose  them- 
i?elve.s  for  the  most  part  in  the  capsule,  although  a  certain  proportion  of  them  may 
be  traced  to  the  inferior  aspect  of  the  femoral  neck,  where  they  adjoin  the  lower 
attachment  of  the  Y-shaped  Ugament. 

(3)  The  ischio-capsular  ligament  (lig.  ischio-capsulare,  Fig.  230)  consists  of  a  broad 
band  of  short,  fairly  strong  longitudinal  fibres,  which,  by  their  upper  ends,  are 
attached  to  the  ischium  between  the  small  sciatic  notch  and  the  obturator  foramen, 
while  their  lower  ends  become  merged  in  the  zona  orbicularis  of  the  general  capsule. 

Within  the  capsule,  and  quite  distinct  from  it,  there  are  the  ligjimentum  teres 
and  the  Haversian  gland. 

The  interarticular  ligament  (lig.  teres  femoris,  Fig.  231)  is  a  strong,  somewhat 
flattened  band  of  fibrous  tissue,  attached  by  one  end  to  the  upper  half  of  the  pit 
or  depression  on  the  head  of  the  femur.  By  its  inner  end  it  is  attached  to  the 
lower  edge  of  the  articular  surface  of  the  transverse  ligament,  with  extensions  to 
the  opposite  btirders  of  the  acetabular  notch,,  hut  chiefly  to  the  hinder  or  ischial 
l»order.  This  ligament  varies  very  greatly  in  its  strength  and  development  in 
ditterent  subjects,  and  in  certain  rare  cases  it  is  absent. 

The  so-called  Haversian  gland  occupies  the  bottom  or  non-articular  area  of  the 
acetabulum.  It  consists  of  a  mass  of  fat  covered  by  synovial  nu^mbrant*..  This 
jiiid  of  fat  is  continuous  with  the  extra-capsular  fat  through  the  passage  subjacent 
t-o  the  transverse  ligament  of  the  notch. 

A  synovial  membrane  Unes  tlie  capsule  from  which  it  is  reflected  to  the  neck  of 
the    femur  along  a   Une  which  corresi)onds  to  the  femoral  attaehmewla  ot  \i\\^ 
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capsule.     Thus  the  synovial  membrane  clothes  more  of  the  femoral  neck  ant€ 
than  in  any  other  position.     Posteriorly,  where  the  capsule  is  feebly  attach 

the  neck  of  the! 
the  synovial 
brane  may  be 
from  the  outsi 
the  capsule, 
synovial  mem 
extends  close 
the  articular  m 
of  the  head  o 
femur,  and  oi 
upper  and  low( 
pects  of  the  m 
in  gathered  inU 
folds  upon  th 
tinacula.  Thesi 
or  plications  ar 
marked  along 
line  of  synovL 
I  flection,  and  d< 
=  reach  as  far  a 
I  femoral  head.  . 
^  acetabular  enc 
s  synovial  mem 
i  is  prolonged  fro 
inside  of  the  ca 
to  the  outer 
articular  surfa 
the  cotyloid 
transverse 
ments,  upon  which  it  is  continued  as  a  lining  for  their  acetabular  or  art 
surfaces,  and  further,  it  provides  a  covering  for  the  fat  at  the  bottom  o 
acetabular  fossa,  as  well  as  a  complete  tubular  investment  for  the  ligamentum 
Occasionally  the  ssrnovial  bursa,  which  is  subjacent  to  the  tendon  of  th< 
psoas  muscle,  communicates  with  the  interior  of  the  hip-joint  through  an  op 
in  the  anterior  wall  of  the  capsule  (Fig.  232),  situated  between  the  pubo-fe 
ligament  and  the  inner  or  lower  limb  of  the  ilio-femoral  ligament. 

Movements  at  the  Hip-Joint. — The  moveDients  which  occur  at  the  liip-joint  are  tl 
a  multiaxial  joint  These  are  flexion,  extension,  abduction,  adduction,  rotation,  and  circumd 
The  range  of  each  of  these  movements  is  less  extensive  than  in  the  case  of  the  shoulder-joi 
cause,  at  the  hip,  the  freedom  of  movement  is  subordinated  to  that  stability  which  is  essentis 
for  the  maintenance  of  the  erect  attitude  and  for  locomotion.  When  standing  at  rest  in  tb 
attitude  the  hip-joint  occupies  the  position  of  extension,  and  a.s  the  weight  of  the  trunk  is 
mitted  in  a  perpendicular  which  falls  behind  the  centres  of  the  hip-joints,  both  the  erect  a 
and  the  extended  position  are  maintained  to  a  large  extent  mechanically,  without  su8taine< 
cular  action,  by  means  of  the  tension  of  the  ilio-femoral  ligament  Moreover,  the  tension 
ligament  is  sustained  by  the  pressure  of  the  front  of  the  head  and  neck  of  the  femur  agai 
synovial  surface.  In  this  association  of  parts  it  is  important  to  note  that  the  articular  ca 
of  the  femoral  liead  may  be,  and  in  certain  races  is,  prolonged  to  the  front  of  the  femoral 
and  further,  that  the  constant  friction  does  not  destroy  the  8>Tiovial  lining  of  the  c 
Again,  the  same  mechanism  whicb  preserves  the  erect  attitude  prevents  an  excessive  de 
extension  or  doisiflexion.  In  movement  for^^aids,  i.e.  ventral  flexion,  the  front  of  the 
is  approximated  to  the  anterior  abdominal  wall.  The  amount  of  this  movement  depend 
the  position  of  the  knee-joint,  l)efause  when  the  lattaT  is  flexed  the  thigh  may  be  brougl 
contact  with  the  abdominal  wall,  whereas  when  the  knee-joint  is  straightened  (i.e.  ext 
the  tension  of  the  hamstring  muscles  greatly  restricts  the  amount  of  flexion  at  the  hij 
Abduction  and  adduction  are  likewise  much  mort*  restrict^  than  at  the  shoulder-joint  4 
tion  is  brought  to  a  close  by  the  tension  of  the  pu)x)-femoral  bimd  and  the  lower  part 
capsule,  and,  in  addition,  the  upper  aspect  of  the  neck  of  the  femur  locks  against  the  i 
of  the  acetabulum.  Excessive  adauction  is  prevente<l  by  the  tension  of  the  upper  band 
iUo-femoral  ligament  and  the  upper  part  of  the  capsule.  Rotation  or  movement  in  a 
iudinal  axis  may  be  either  inwards,  t.e.  towards  the  front,  or  outwards,  i.e,  toward  th< 
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lu  the  former  the  movemeut  is  brought  to  a  close  by  the  tenaion  of  the  iBchio-capsuLir  ligament 
lad  batrk  part  of  the  caT)6ule,  aided  by  the  muscles  on  the  back  of  the  joint ;  in  tlie  latter — 
ntation  outwardsr— the  cnief  restraining  factor  is  the  outer  or  upper  limb  of  the  ilio-femoral 
ligament.     The  total  amount  of  rotation  is  probably  less  than  60. 

Cacamdaction  is  only  slightly  less  free  than  at  the  Hhoulder,  but  it  is  complicated  l)y  the 
.  fRservation  of  the  balance  upon  one  foot. 

The  value  and  influence  of  the  ligamentum  tei-es  are  not  easily  estimated,  because  it  may  )>e 
.  al«ent  without  causing  any  known  interference  with  the  usefulness  of  the  joint  In  the  erect  at  titude 
^  tku  ligament  lies  lax  between  the  lower  part  of  the  femoral  head  and  the  acetabular  fat.  In  tlie 
J  let  of  walking  it  is  rendered  tense  at  the  moment  when  the  jwlvia  is  balanced  on  the  summit  of  tlie 
^  npporting  femur.  Analysis  of  this  position  shows  the  femur  to  l)e  adducted,  witli  probably,  in 
^  udoitioii,  a  small  amount  of  flexion  (ue,  bending  forwards)  and  internal  rotation.  Again,  this 
t  ligameDt  is  said  to  be  tense  when  the  thigh  is  rotated  outwards.  The  equivalent  of  this 
I  movement  is  doubtless  foimd  in  the  rotation  of  the  pelvis,  which  occurs  in  the  act  of  walking 
^  It  the  moment  of  transition  from  the  toe  of  the  supiK)rting  foot  to  the  heel  of  the  advancing 
f  foot  The  interest  connected  yriih  this  ligament  is  perhaps  morphological  rather  than  physio- 
kpt^L  It  is  believed  by  some  to  represent  the  tendon  of  a  muscle  which  in  birds  occupies  a 
pwitiou  external  to  the  joint  capsule. 

THE  KNEE-JOINT. 

The  knee-joint  (articulatio  genu)  is  the  largest  articulation  in  the  body,  and 
its  structure  is  of  a  very  elaborate  nature.  The  part  it  plays  in  maintaining  the 
erect  attitude  materially  influences  its  construction,  and  special  arrangements  are 
provided  for  the  mechanical  retention  of  the  joint  in  the  extended  position,  in  view 
of  the  fact  that  the  line  of  gravity  falls  in  i'ront  of  the  centre  of  the  articulation. 
Its  principal  axis  of  movement  is  in  the  transverse  direction,  consequently  it  belongs 
to  the  ginglymus  or  hinge  variety  of  the  diarthroses.  At  the  same  time  a  slight 
amount  of  rotation  of  the  tibia  in  its  long  axis  is  permitted  during  extreme  flexion  ; 
but  while  this  fact  is  of  considerable  importance  in  the  study  of  certain  accidents 
to  which  the  joint  is  liable,  as  well  as  in  the  study  of  its  comparative  moq)hology,  it 
i?  not  sufficiently  pi-onounced  to  interfere  with  its  clarification  as  a  hinge- joint. 

Articnlar  surfaces  pertaining  to  the  femur,  tibia,  and  patella,  enter  into  the 
formation  of  the  knee-joint.  The  articular  surface  of  the  femur  extends  over  a 
large  part  of  both  condyles,  and  may  be  divided  into  patellar  and  tibial  portions 
by  faintly -marked,  almost  transverse  grooves,  which  pass  across  the  articular 
Mirface  immediately  in  front  of  the  intercondylar  notch.  As  a  rule  marginal 
inJent^itions  of  the  articular  surface  render  the  positions  of  these  transverse 
:jroi)ves  more  distinct. 

The  patellar  portion  (Fig.  233)  is  situated  anteriorly,  and  is  common  to  both 
f'ondylcs,  although  developed  to  a  larger  extent  in  association  with  the  outer  condyle, 
on  which  it  aso^»nds  to  a  higher  level  than  on  the  inner  condyle.  This  surface  is 
trochlear,  tind  forms  a  vertical  groove  bordered  by  prominent  lateral  borders. 

The  tibial  portion  of  the  articular  surface  of  the  femur  is  divided  into  two 
articular  areas,  in  relation  to  the  inferior  aspects  of  the  two  condyles,  by  the  wide 
Don -articular  intercondyloid  notcli.  These  two  surfaces  are  for  the  most  part 
jrtKillel,  but  in  front  the  internal  tibial  surface  turns  obliquely  outwards  as  it 
I»iisses  into  continuity  with  the  patellar  trochlea,  while  posteriorly,  under  certain 
circumstances,  e.g.  the  squatting  posture,  the  articular  surface  of  the  inner  condyle 
may  extend  to  the  adjoining  portion  of  the  popliteal  area  of  the  bone. 

When  the  joint  is  in  the  position  of  extreme  Hexion,  the  patella  is  brought  into 
'lirect  contact  with  that  part  of  the  articular  surface  on  the  inner  condyle  which 
^K)unds  the  intercondyloid  notch  upon  its  inner  and  anterior  {isjA^cts.  This  relation- 
ship is  indicated  by  the  presence  of  a  distinct  semilunar  facet  on  the  cartilage  in 
that  .situation  (Fig.  233).  The  articular  surface  of  the  femur  may  therefore  })e 
regarded  as  presenting  femoro-patellar  and  femoro-tibial  areas. 

The  patella  presents  on  its  posterior  aspect  a  transversely  -  elongated  oval 
articular  facet  and  an  inferior  rough,  triangular,  non-articular  arcii.  The  articular 
tacet  is  divided  into  two  principal  lateral  portions  by  a  prominent  rounded  vertical 
ridge.  Of  these  the  outer  is  the  wider.  A  less  i)rono\niced  and  nearly  vertical 
riilge  marks  off  an  additional  facet  called  the  internal  p(?rpendicular  facet,  close  to 
the  ininT  margin  of  the  articular  surface.     Two  faint  transverse  rid^^e?*  cvvtj  o^ 
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narrow  upper  and  lower  facets  from  the  general  articular  surface  without  encroickj 
ing  on  the  narrow  innermost  vertical  facet  (Goodsir)  (Fig.  233). 

Tlie  head  of  the  tibia  presents  on  its  superior  aspect  two  condylar  articu 
surfaces,  separated  from  each  other  by  a  non-articular  antero-posterior  area,  wh 
is  widtT  in  front  and  behind  than  in  the  middle,  where  it  is  elevated  to  foTmi| 
bilid  tibial  spine. 

The  external  condylar  facet  is  slightly  concavo-convex  from  before  }>ackwaidi^>l 
and  slightly  concave  transversely.      This  surface  is  almost  circular,  and  extendftl 
to  the  free  external  ])order  of  the   tibial  head,  where  it  is  somewhat  flattenel^^ 
Posteriorly  the  articular  surface  is  prolonged  downwards  on   the  tuberosity  ii^ 
relation  to  tlie  position  occupied  by  the  tendon  of  the  popliteus  muscle.     The 


r&telbir  kij,r&icjt  of  0piiiiir 


Iiripn'Hsinn  of  »*xt«nial  soiiii- 
Innar  cariila};c 


KxU'riial  tibial  Nurfare  of 
femur 


KvU>rnnl  lateral  ligament 


(?iit  teii«l<»ii  of  l»ict*p8  flexor    ^f 
rniris  iiniHcle 

Anterior  suiwrior  tibin-Hlmlar 
lif^aiiieiit 

External  lateral  li^uient 


( >])ening  in  interoHHeous 
ni'Miibraue  for  anterior  tibial. 

VPKSelK 


..^^Ihilitiiir  facet  for  patella 


Tnt^nuil  tibial  anrfarc  cif 
temnr 


F^Mtorlur  crucial  liganmit 

Antfirfor  cnicial  liganteot 

Trarj^rvtrse  ligament 
luU'ni*!  semilunar  tlbro- 
«:artiliH|^ft 

InttfTtuil  lateral  li^ivinrat 
ilgiunentum  patelhe 


lim^r  perpendicular  facet  on 

|l4Tf)l|l 


Fk;.  233.— Dissection  of  the  Knee-Joint  from  the  front  :  Patella  thrown  down. 

internal  condylar  facet  is  oval  in  outline,  and  distinctly  concave  both  in  its  antero- 
posterior and  transverse  diameters. 

Lig^aments. — Like  all  diarthroses,  this  joint  is  invested  by  an  envelope  or 
capsule  (capsula  articularis),  which  does  not,  liowever,  entirely  surround  the  joint 
cavity,  for  it  is  al)sent  as  a  fibrous  membrane  above  the  joint  cavity,  subjacent  to 
the  U»ndon  of  the  quadriceps  extensor  muscle.  Its  specially  named  hands  are  not 
of  themselves  sufficient  to  form  a  complete  investment,  and  a  capsular  membrane, 
which  largely  consists  of  augmentations  from  the  fascia  lata  and  the  tendons  of 
surrounding  muscles,  supplies  tlie  defective  areas.  Thus,  anteriorly,  on  each  side 
of  the  patella  and  tht»  ligamentum  patelhe,  expansions  of  the  vasti  tendons  and 
fascia  lata,  constituting  lateral  patellar  ligaments,  are  evident.  On  the  outer  side  of 
the  joint  the  t?.\ternal  lateral  ligament  is  hidden  within  a  covering  derived  from 
the  ilio- tibial  band  of  the  fascia  lata.  On  the  inner  side  expansions  from  the 
UMidons  of  the  .sartorius  and  semi-membranosus  muscles  augment  the  capsule,  which 
hen'  lu.'conies  continuous  with  tht?  internal  lateral  ligament.  Posteriorly  the  cajwule 
also  receives  augmentation  from  the  tendon  of  the  semi-membranosus  muscle,  but 
it  is  very  thin  subjacent  to  the  origins  of  the  gastrocnemius  muscle,  where  it  covers 
the  hinder  parts  of  the  condyles.  Not  unfrequently  the  capsule  presents  an 
o}Kiiiing  of  communiwition  between  the  interior  of  the  joint  cavity  and  a  bursa 
which  lies  under  cover  of  the  inner  liead  of  the  gastrocnemius  muscle. 
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The   anterior  ligament  (lig.  patellar,  Fig.  233),  also  called   the  ligamentum 

atelUe,  is  a  powerful  flattened  band,  attached  superiorly  to  the  apex  and  adjoining 

sargins  of  the  patella,  and  inferiorly  to  the  rough  anterior  tul>erosity  at  the  upper 

e&d  of  the  shaft  of  the  tibia.     This  Ugament  also  serves  as  a  tendon  of  insertion  for 

the  quiidriceps  extensor  muscle,  and  a  certain  number  of  the  fibres  of  tlie  tendon 

may  be  observed  to  descend  as  a  thin  fibrous  covering  for  the  anterior  surface  of 

the  patella.     The  deep  surface  of  the  tendon  is  separaU^d  from  the  front  of  tlie  head 

rf  the  tibia  by  a  synovial  bursa,  and  above  this  it  rests  u])on  the  infrapatellar  pad 

of  fat,  which  is  placed  between  the  tendon  and  the  synovial  membrane  of  the  joint. 

The  posterior  ligament  (Fig.  234)  is  a  compound  structure  of  unequal  strength, 
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Fui.  234.  -The  Knkk-Joint.     Posterior  View. 

and  those  portions  by  which  it  establishes  eoniiniiity  with  the  lateral  i)arts  of  tlie 
^■apsiik*  are  remarkably  thin.  It  is  attached  superiorly  to  the  \K)pliteaI  surface  of 
th(»  femur,  close  to  the  intercrmdyloid  notch,  with  lateral  extensions  to  tliu  non- 
.irticular  areas  immediately  alK)ve  the  posterior  articular  margins  of  the  two  con- 
<IvK»s.  where  it  is  closely  tissociated  with  the  origins  of  the  gastrocnemius  muscle. 

Inferiorly  it  is  attached  to  the  rough  non-articular  posterior  border  of  the  head 
of  the  tibia,  where,  to  its  fibular  side,  it  presents  an  ()i>ening  of  exit  for  the  tendon 
)fthe  ]>opliteus  muscle  (Fig.  2:U). 

The  tendon  of  insertion  of  the  semi  -  meinbranosus  muscle  contrilmtes  an 
nii)ortant  expansion  which  augments  the  ])usierior  ligament  on  its  suiH'rticial 
isixK.*t.  This  expansion — ligamentum  posticum  Winslowii — ])aas(^s  oljliquely  u]) wards 
md  outwards  to  lose  itself  in  the  general  ligament,  but  it  is  most  distinct  in  the 
egion  lietween  the  femoral  (condyles,  where  it  may  ])resent  upper  and  lower  arcuate 
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borders.     A  number  of  vessels  and  nerves  perforate  this  ligament,  and  henoe 
presents  a  number  of  apertures. 

The  internal  lateral  ligament  (lig.  collaterale  tibiale,  Figs.  233  and  235)  is  a  wd 
defined,  strong,  flat  band  which  is  applied  to  the  inner  side  of  the  knee-joint,  and 
rather  wider  in  the  middle  than  at  either  end.  It  is  frequently  regarded  as  consiBtii 
of  two  portions— an  anterior  or  long  portion,  and  a  posterior  or  short  one.  The  ti 
parts  arise  close  together  from  the  non-articular  inner  surface  of  the  inner  cond^ 
immediately  below  the  adductor  tubercle.  The  short  or  posterior  portion  descen 
slightly  backwards,  to  be  attached  to  the  postero-internal  aspect  of  the  inner  part 
the  tibia  above  the  groove  for  the  semi-membranosus  tendon.  The  long  or  anteii 
portion  inclines  somewhat  forwards,  and  descending  superficially  to  the  tendon 
the  semi-membranosus,  it  is  continued  downwards,  to  be  attached  to  the  upper  part 
the  inner  surface  of  the  shaft  of  the  tibia  below  the  level  of  the  anterior  tuberosit 

On  its  superficial  aspect  the  internal  lateral  ligament  is  augmented  by  prolong] 
tions  from  the  tendons  of  the  semi-membranosus  and  sartorius  muscles,  but 
separated  by  a  bursa  from  the  tendons  of  adductor-gracilis,  semi-tendinosus,  an 
sartorius.  Its  deep  surface  is  adherent  to  the  convex  edge  of  the  internal  semilunt 
cartilage,  but  lower  down  the  inferior  internal  articular  vessels  intervene  betwee 
the  ligament  and  the  shaft  of  the  tibia. 

The  external  lateral  ligament  (lig.  collaterale  fibulare,Figs.  233  and  235),  sometime 
called  the  ligamentum  laterale  externum  longum,  is  a  distinct  rounded  band  whic 
is  under  cover  of  the  ordinary  capsule,  and  yet  well  separated  from  the  joint  cavity  b 
intervening  objects.  It  is  attached  superiorly  to  a  tubercle  on  the  outer  surface  ( 
the  external  condyle,  immediately  a])ove  the  groove  occupied  by  the  tendon  of  tl 
popliteus  muscle,  superficial  to  which  the  ligament  descends.  By  its  lower  end  it ; 
attached  to  the  outer  side  of  the  head  of  the  fibula,  in  front  of  the  styloid  prooee 
In  its  course  vertically  downwards  it  splits  the  tendon  of  insertion  of  the  bicej 
flexor  cruris  (Fig.  233),  the  portions  of  which  are  fixed  to  the  head  of  the  fibula  o 
either  side  of  the  ligament,  and  a  bursa  may  intervene  between  the  tendon  and  tl 
ligament.  The  inferior  external  articular  vessels  pass  forwards  subjacent  to  th 
ligament  and  above  the  head  of  the  fibula.  Unlike  the  internal  ligament,  it  is  n< 
attached  to  the  corresponding  semilunar  cartilage. 

Tlie  ligamentum  laterale  externum  breve  seu  posticum  (Fig.  234)  is  an  inconstant  Btructo 
whicli  is  attached  by  its  upper  end  immediately  behind  the  preceding,  and  subjacent  to  t 
outer  head  of  the  ^trocnemius  muscle.  It  likewise  descends  superficial  to  the  popliteal  tendc 
and  is  affixed  infenorly  into  the  styloid  process  of  the  fibula. 

The  intra-articnlaT  structures  of  the  knee-joint  are  more  important  and  mc 
numerous  than  in  any  other  joint  of  the  body. 

The  crucial  ligaments  (ligamenta  cruciata  genu)  are  two  strong,  rounded,  tendino 
bands,  which  extend  from  the  non-articular  area  on  the  upper  surface  of  the  he 
of  the  tibia  to  the  non-articular  sides  of  the  intercondyloid  notch  of  the  femi 
These  interarticular  ligaments  are  distinguished  from  each  other  as  the  anterior 
external  and  the  posterior  or  internal.  They  cross  each  other  like  the  limbs 
an  X,  yet  they  remain  distinct  throughout,  and  each  has  its  own  partial  synov 
covering.  They  lie  within  the  capsule  of  the  joint,  and  extend  between  nc 
articular  surfaces  in  relation  to  the  longitudinal  axis  of  the  limb. 

The  ligamentnm  cmciatmn  anterius  (Figs.  233, 235,  and  236)  is  attached  inferioi 
to  the  inner  part  of  the  rough,  depressed  area  in  front  of  and  close  to  the  spine 
the  tibia.  It  passes  obliquely  upwards,  outwards,  and  backwards  to  the  ini 
non-articular  surface  of  the  external  condyle,  where  it  finds  attachment  far  back 
the  posterior  part  of  the  intercondyloid  notch.  This  ligament  is  tense  in  the  positi 
of  extension,  and  therefore  it  assists  in  maintaining  the  erect  attitude. 

The  ligamentnm  craciatmn  posterins  (Figs.  233, 235,  and  236)  is  somewhat  shor 
than  the  preceding.  It  is  attached  inferiorly  to  the  hinder  part  of  the  deprese 
surface  behind  the  spine  of  the  tibia  and  close  to  the  popliteal  notch.  Its  fibi 
pass  obliquely  upwards,  forwards,  and  inwards,  to  be  inserted  into  the  outer  nc 
articular  surface  of  the  inner  condyle,  far  forwards  towards  the  anterior  margin 
the  intercondyloid  notch.     It  is  rendered  tense  in  the  position  of  flexion. 
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The  aemilniukr  intenurticnlar  flbro-cartilages  are  two  in  number — an  inner  and  an 
outer — placed  horizontally  between  the  articular  surfaces  of  the  femur  and  ti])ia. 
b  general  outline  they  correspond  to  the  circumferential  portions  of  the  tibial 

-  hcets  upon  which  they  rest.  Each  has  a  thick,  convex,  fixed  border  in  relation  to 
d»  periphery  of  the  joint,  and  a  thin,  concave,  free  border  directed  towards  the 
interior  of  the  joint.     Neither  of  them  is  sufficiently  large  to  cover  the  whole  of  the 

.    tibial  articular  surface  upon  which  it  rests.     The  uppt^  and  lower  surfaces  of  each 

?  Bemilnne  are  smooth  and  free,  and  each  cartilage  terminates  in  an  anterior  and  a 

:    posterior  fibrous  horn  or  cornu. 

^       The  internal  semilnnar  flbro-cartilage  Cmeniscus  medialis,  Figs.  235  and  236) 
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forms  very  nearly  a  semicircle.     It  is  attached  by  its  anterior  horn  to  the  non- 
articular  surf;ice  on  the  head  of  the  tibia,  in  front  of  the  tibial  attachment  of  the 
anterior  crucial  ligament,  and  by  its  posterior  horn  to  the  non-articular  surface 
iinmediately  in  front  of  the  tibial  attachment  of  tlie  posterior  crucial  lij^Mment. 
Tht^deep  or  hinder  part  of  the  internal  lateral  ligament  is  attached  to  its  |ieriphery. 
The  external  semilunar  flbro-cartilage  (meniscus  lateralis,  Figs.  23o  and  236)  is 
attached  by  its  anterior  horn  to  the  non-articulur  surface  of  the  tibia  in  front  of 
the  tibial  sjane,  where  it  is  placed  to  the  outer  side,  and  partly  under  cover  of  the 
fibial  end  of  the  anterior  crucial  ligament.     By  its  ])Osterior  liorn  it  is  attachtul  to  the 
interval  between  the  two  tuln^rcles  which  surmount  the  tibial  spim*,  i,r.  in  front  of 
the  att-achment  of  the  jyosterior  horn  of  the  internal  scmihinar  cartilage.    This  fibro- 
cartilage,  with  its  two  horns,  therefore  forms  almost  a  complete  circle.     Posteriorly 
it  is  attached  Ijy  its  }>eriphery  to  t})e  ]>osterior  ligament.  l>ut  on  the  owtei  ^\A.^.  \V 


302 


THE  ARTICULATIONS  OR  JOINTS. 


Traiisv^Tsi'  li^'aiiuMit 
AutmitiT  tonrn  of  tnti<mjil 


Antfrior  rorim  of  I'^tt-nial 
sHiiiilunnr  rartiln^ 


Posterinr  cctmii 

of  intiTiiiil  --'iiii- 

Imiar  lutiiSa^;^ 


INMorior  rruc'iul  li^iiifiit 


f^i>»t(?fiijr  curb  11  f^t  extvi- 

^HM^'rulut  TTPta  fitt*»ninl  *i-i u 

cartila;;**  to  jiOhtrrior  rrticial  ligaiiioiit 


Fl<:.  23().- 


■  Upper  Exd  ok  Tjhia  with  Semiluxaii  Caktii.auks  and  Attachkd 

INiHTIONS   OK  CkUCIAI-    LiOAMKNTS. 


is  se})arated  from  the  external  lateral  ligament  by  the  tendon  of  the  poplitMi 
nm8c.lt*,  and  on  this  aspect  its  periphery  is  free. 

The  two  horns  of  the  external  seiuilune  are  embraced  by  the  two  horns  of  tk 
intt»rnal  one,and,w^hile  the  anterior  crucial  ligament  has  its  tibial  attachment  aluNH 
between  the  anterior  horns  of  the  two  semilunes,  the  tibial  attachment  of  tb 
posterior  crucial  ligament  is  situated  behind  tht»  ])asterior  lioms  of  the  tn 
semilunes. 

I^oth  semilunes  possess  cert-ain  access^jry  attachments.     Thus  the  external 
lune  sends  a  large  Imndle  of  fibres  from  its  convex  ]K)sterior  bonier  to  augment  tb 

[)OSterioraftpeel 
of  the  jHisteikrI 
crucial  liga- 
ment, by  which 
these  fibres  an 
conducted  t» 
the  femut! 
Again,  the  con- 
vex or  \)enjk' 
eral  margins  of  I 
each  semilane 
l>ossess  certaii 
attachments  to 
the  deep  surface 
of  the  capsule 
on  its  inner  and 
posterior 
|>ects,  as  hu 
already  bi^en  " 
explained,  but, 
in     addition, 

they  are  attached  to  th(;  non-articidar  circumference  of  the  til)ial  head  by  short 
fibrous  bands  known  as  the  ligamenta  coronaria.  Lastly,  a  roimde<l  band  which 
varies  in  strength,  the  transverse  ligament  (lig.  tninsversum  genu,  Figs.  233  and 
2'M)),  sti-etches  lH*twt»en  the  anterior  convex  margins  of  the  two  st^milunes,  crossing 
the  front  i)art  of  the  non-articular  area  on  the  tibial  head  in  its  courses 

The  synovial  membrane  of  the  knee-joint  is  not  only  the  largest,  but  the  most 
elaborately  arranged  of  its  kind  in  the  lK)dy.  It  not  only  lines  the  cajwule,  but  it 
forms  a  more  or  less  extensive  covering  for  tlie  intracapsular  ligaments  and  the 
free  surface  of  the  infra-patellar  pad  of  fat.  This  ]>ad  acts  as  a  wetlge  wliich  fits 
into  the  interval  l>ctw«H?n  the  patella,  tibia,  and  femoral  condyles,  and  the  synovial 
membrane  u]M)n  its  surfac^^  forms  a  band  or  fold  which  extends  from  Indow  the 
level  of  the  ])atellar  articular  surface  to  the  anterior  i)art  of  tlie  intercondyloid 
notch.  This  is  in  no  sense  a  ligament,  although  it  is  named  the  ligamentnm 
mucostun,  or  jdica  synovialispalelliiris.  At  its  femoml  end  it  is  narrow  and  attenu- 
ated, l>ut  at  its  patellar  end  it  expmds  laterally  to  form  wing-like  fringes  or  uieni- 
liranes — the  alar  ligaments  (']»lica*  alares) — which  are  often  distinguished  from  each 
other  as  the  inner  (]»lica  aliformis  medialis)  and  the  outer  (])lica  alif(»riuis  lateralis). 
These  folds  are  mon^  or  Itiss  loadt^l  with  fat. 

A]>art  from  thes«*  s])ecial  foldings,  the  synovial  membrane  lines  the  deep  surface 
of  the  common  extensor  tendon,  and  extends  u]»wards  for  a  variable  distance  alK)ve 
the  ]»<itella.  This  extension  of  tlui  joint  cavity  almost  always  communicates  with 
a  large  l»ursa  situatetl  still  higher  on  the  front  of  the  femur.  Traeing  the  synovial 
meml»r;ine  downwards,  it  will  1k»  found  to  cover  Ik >th  surhic^^s  of  the  semilunar  fibro- 
cartilages.  The  ]H»ri]»heral  or  convex  margins  of  these  cartilage ^s  are  only  covered 
by  this  membrane  when*  they  are  unattac^hed  to  the  ca])suhi.  A  prolongation 
invests  the  intracjajisular  ]>ortion  of  the  tendon  of  the  ]>o]diteus  muscle,  and 
s<i])ar;ite.s  this  tendon  from  th<^  liaek  ])art  of  the  tibial  head,  lK.»sides  intervening 
iK'twetMi  the  ext«»rnal  siMuilune  and  the  head  of  the  tibia. 

From  the  l>ack  ]iart  of  the  joint  cavity  the  synovial  membrane  extends  forwards, 
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provides  a  partial  covering  for  the  crucial  ligaments  between  which  a  bursa  may 

ound. 

This  somewhat  complicated  arrangement  of  the  synovial  membrane  may  be 

lily  comprehended  if  it  be  borne  in  mind  that  it  really  represents  the  fusion  of 

i^e  separate  synovial  cavities,  which  in  some  animals  are  permanently  distinct. 

se  are  indicated  in  the  two  femoro-tibial  and  the  single  femoro-patellar  parts  of 

articulation. 

The  joint  cavity  may  communicate  with  bursse  situated  in  relation  to  the  inner 

d  of  the  gastrocnemius  muscle  and  the  tendon  of  the  semi-membranosus  muscle, 

ides  the  large  supra-patellar  bursa  already  described.      Lastly,  there  may  be 

ircommunication  between  this  joint  cavity  and  that  of  the  superior  tibio-fibular 

iculation. 

Movements  at  the  Knee- Joint.— lu  studying  the  movements  which  may  occur  at  the 
nan  knee-joint,  it  is  necessary  to  bear  in  mind  that  the  lower  limb  of  man  is  primarily  recjuirwl 
purposes  of  support  and  locomotion.  The  principal  req^uirement  of  the  former  function  is 
»dity  accompanied  by  rigidity,  whereas  in  the  latter  function  the  special  desideratum  is  ivgu- 
d  and  controlled  mobility.  Thus,  in  the  same  joint,  two  entirely  opposite  conditions  liave 
be  provided  The  stable  conditions  of  support  are  chiefly  concenied  in  the  maintenance 
:he  erect  attitude,  and  the  mechanism  associated  therewith  does  not  call  for  the  exertion  of  a 
^  d«^:ree  of  sustained  muscular  effort 

In  standing  erect  the  attitude  of  the  limb  is  that  of  extension,  which  mainly  concerns  the 
loro-tibial  parts  of  the  joint  In  this  position  the  force  of  gravity  acts  along  a  vertical  line 
ich  falls  in  front  of  the  transverse  axis  of  the  ioint,  and  therefore  any  tendency  to  flexion,  i.e. 
iding  backwards,  is  mechanically  counteracted  by  the  application  of  a  force  which  tends  to 
duce  bendiu£^  forwards  (so-called  over-extension).  This,  nowever,  is  absolutely  prohibited  in 
■Dial  states  oi  the  joint,  by  the  tension  of  the  posterior  and  lateral  ligaments  aided  by  the 
erior  crucial  ligament  I'he  value  of  this  fact  may  be  seen  by  ol)serviiig  the  etl'ect  produced  by 
ing  the  joint  a  sudden  push  from  behind,  which  causes  an  immediate  reversal  of  the  positions  of 
r  transverse  and  vertical  axes,  whereby  the  Ixdy  weight  at  once  produces  flexion  of  the  joint 
The  i>emilunar  cailila^es  and  the  infra-patellar  pad  of  fat  also  assist  in  maintaining  extension, 
reason  of  their  close  adaptation  to,  and  packing  round  the  condyles  as  these  rest  upon  the  tibia. 
;e  anterior  margin  of  the  intercondyloia  fossa  is  also  brought  into  contact  with  the  front  of 
I  anterior  crucial  ligament 

In  the  position  of  extension  the  patella  is  retained  at  a  high  level  in  relation  to  the  troclilear  sur- 
<•  of  the  femur,  so  that  the  lower  articular  facets  of  the  patella  are  in  contact  with  the  trochlea. 
During  locomotion  the  movements  of  the  knee-joint  are  somewhat  intricate,  for  both  the 
noro-tihial  and  the  femoro-patellar  sections  of  the  joint  are  brought  into  action.  The  principal 
jTement  which  results  is  flexion,  with  which  there  is  associated,  both  at  its  beginning  and 
sling,  a  certain  amount  of  screw  movement  or  rotation.  Flexion  and  rotition  occur  at  the 
noru-tibial  sections  of  the  joint,  where^as  the  movement  at  the  femoro-patellar  portion  produces 
rt^lating  and  controlling  influence  upon  flexion. 

Taking  the.se  factoi"s  separately,  we  observe  that  each  condyle  adapts  itself  to  a  shallow  cup 
•lued  by  the  head  of  the  tibia  and  the  corre.sponding  semilunar  cartilage,  and  as  the  two 
aJylcs  move  simultaneously  and  parallel  to  each  other,  there  is  more  than  the  characteristic 
rige-joint  action,  for  each  condyle  glides  and  rolls  in  its  cup  "  like  a  wheel  restrained  by  a 
ig"  (G(xxlsir)  when  the  movement  of  bending  occui-s.     Thus  the  different  i)arts  of  tin?  condyles 

•  successively  brought  into  relation  with  the  transvei-se  axis  of  the  joint  while  it  passes  from 
tension  to  flexion  and  mce  versa.  From  the  fact  that  the  internal  condyle  is  longer  than  the 
temal,  it  Ls  iKilieved  that  extension  is  completed  by  a  movement  of  rotation  whereby  the  joint 
-I'mes  locked,  and  the  anterior  crucial,  the  i)Ost«rior  and  the  lateral  ligament^,  become  tense.  A 
lilar  rotation  initiates  the  movement  of  flexion,  and  uidocks  the  joint  by  relaxing  the  liga- 
iits  just  mentioned. 

Since  the  tibia  and  foot  are  fixed  in  the  act  of  walking,  it  is  the  femur  whicli  rotates  upon 

•  tibia  in  pfissing  from  extension  to  flexion  and  ince  versa  ;  and  as  relaxation  of  the  ilio-femoral 
mient  is  e>.-<'ntial  for  this  rotation,  some  observers  are  of  opinion  that  the  Ixxly  weiglit  fall^ 
lind  the  transverse  axis  of  the  knee-joint,  Jis  in  the  aise  of  tlie  hip-joint,  and  consecpn-ntly  that 
ension  of  the  knee-joint  is  maintained  by  the  ilio-fenioral  ligament,  as  it  is  not  possible  to 
<1  the  knee  without  first  having  ]>ent  the  hii)-j()iiit. 

During  flexion  and  extension  the  semilunar  cartilages  glide  along  with  the  condyles,  so  jis  to 
ntain  their  close  adaptatitm  and  preserve  their  value  as  ])acking  agents.  When  the  movement 
exi«m  is  cr>mplet<id,  the  condyles  an;  retained  upon  the  lil)ia,  an<l  i)n'vented  from  slipj)ing  oil* 
he  teiisifjii  of  the  posterior  crucial  ligament.  In  this  position  a  small  degree  of  rotation  of 
tibia,  iKitli  inwaitls  and  outwanls,  is  also  permissiljle. 

L'he  regulating  and  controlling  influence  of  the  femoro-patellar  portion  of  the  articulation  is 
ight  into  play  during  the  movements  of  flexion  and  extension.  In  the  latter  position  the 
rior  pair  of  patellar  facets  is  in  ai>[)osition  with  the  upju'r  part  of  the  femoral  trochlea.  As 
on  advance--*,  the  middle  ])air  of  facets  adapt  themselves  to  a  deeper  area  of  the  tiochlea,  into 
;h  the  patellar  keel  fits.  When  flexion  is  still  further  advanced,  the  up]>er  pair  of  patellar 
-^  will  IK?  found  fitting  into  that  jnirtof  the  trorhU'H  adjoining  the  mtereowdyWvX  wvAvAv  \ 
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and  filially,  wlieu  flexion  is  complettj,  the  patella  lies  opposite  the  intercondyloid  notch,  w^ 
the  forwanl  thrust  of  the  longer  internal  condyle  brings  its  semilunar  facet  (Goodsir)  JM| 
apposition  with  the  somewhat  vertical  facet  at  the  inner  border  of  the  patella.  The  wedge-Hi 
influence  of  the  patella  is  most  marked,  for  it  is  only  in  the  position  of  ext^insion  that  it  cu  I 
moved  from  side  to  side.  The  movements  of  the  patella  may  be  described  as  gliding  u 
co-aptation,  as  it  slips  or  rocks  from  one  pair  of  facets  to  another  in  its  progress  along  the  tnn^ 
of  the  femoral  trochlea.  1 

THE   TIBIO-FIBULAR  JOINTS. 

The  upper  and  lower  ends  of  the  fibula  articulate  with  the  tibia.  Primaiilj, 
the  fibula  is  required  to  form  a  strong  lateral  support  for  the  ankle-joint,  and 
therefore  its  articulations  are  so  arranged  as  to  provide  a  certain  amount  oj 
elasticity  without  any  sacrifice  of  the  rigidity  necessary  for  security.  Hence  tin 
amount  of  movement  is  very  small,  but  what  there  is  enables  these  joints  to  \m 
classified  as  arthrodial  diarthroses. 

The  superior  tibio-flbular  joint  (articulatio  tibio-fibularis)  is  formed,  on  tl^ 
one  hand,  by  a  flat  oval  or  circular  facet  which  is  situated  upon  the  postero-externa 
aspect  of  the  outer  tuberosity  of  the  head  of  the  tibia,  and  is  directed  downward 
and  backwards ;  on  the  other,  by  a  similar  facet  on  the  upper  surface  of  the  hetu 
of  the  fibula  in  front  of  the  styloid  procesa 

A  fibrous  caiNrale  (capsula  articularis,  Fig.  234)  invests  the  joint,  and  it  maj 
be  regarded  as  holding  the  articular  surfaces  in  apposition,  although  certaii 
special  bands  receive  separate  designationa  Occasionally  there  is  an  opening  in  thi 
capsule  by  which  communication  is  established  between  the  joint  cavity  and  thi 
knee-joint  through  the  intermediation  of  the  synovial  prolongation,  subjacent  to  th< 
tendon  of  the  popliteus  muscle. 

The  anterior  superior  tibio-flbular  ligament  (lig.  capituli  fibulae  anterius,  Fig.  233^ 
is  a  strong  flat  band  whose  fibres  extend  from  the  anterior  aspect  of  the  fibulai 
head,  upwards  and  inwards,  to  the  adjoining  part  of  the  tuberosity  of  the  tibia. 

The  posterior  superior  tibio-flbular  ligament  (lig.  capituli  fibuhe  anterius 
Fig.  234)  is  a  similar,  but  weaker  band,  passing  upwards  and  inwards  from  the 
posterior  aspect  of  the  fibular  head  to  the  posterior  aspect  of  the  outer  tuberositj 
of  the  tibia,  where  they  are  attached  immediately  below  the  opening  in  thi 
capsule  of  the  knee-joint,  from  which  the  tendon  of  the  popliteus  muscle  escapes 

Equally  strong  but  much  shorter  bands  are  found  on  the  superior  and  inferit^i 
aspects  of  the  joint.  The  former  is  intimately  associated  with  the  tendon  of  th« 
biceps  flexor  cruris  muscle  which  strengthens  the  upper  aspect  of  the  joint,  anc 
here  also  is  found  the  occasional  opening  by  which  it  communicates  with  the  knee 
joint. 

The  synovial  membrane  is  in  certain  cases  continuous  with  that  of  the  knee- 
joint  in  the  manner  already  described. 

The  interosseous  membrane  (membrana  interossea  cruris.  Figs.  234  and  237] 
plays  the  part  of  an  accessory  ligament  both  for  the  upper  and  the  lower  tibio-fibulai 
joint.  It  is  attached  to  the  interosseous  borders  od  the  shafts  of  the  tibia  anc 
fibula,  and  binds  them  together.  The  general  direction  of  its  fibres  is  from  th< 
tibia  downwards  and  outwards  to  the  fibula,  but  many  fibres  pass  in  the  opposit 
direction.  The  membrane  may  extend  upwards  until  it  comes  into  contact  witl 
the  ligaments  of  the  superior  tibio-fibular  joint,  but  there  is  always  a  vertical  ova 
aperture  in  its  upper  part  for  the  forward  passage  of  the  anterior  tibial  vessek 
This  aperture  (Fig.  234),  which  is  about  one  inch  long,  adjoins  the  shaft  of  th 
fibula  at  a  point  rather  less  than  one  inch  below  its  head.  Towards  the  lower  em 
of  the  leg  the  dist*ince  between  the  tibia  and  the  fil)ula  rapidly  diminishes,  an< 
consequently  the  widtli  of  the  interosseous  membrane  is  correspondingly  reducec 
so  that  it  is  tense  throughout  its  entire  length.  In  the  lower  part  of  the  membran 
there  is  a  small  opening  for  the  passage  of  the  anterior  perforating  vessela  Ther 
is  no  sharply-marked  demarcation  between  the  interosseous  membrane  and  th 
interosseous  ligament  which  connects  the  lower  ends  of  the  tibia  and  fibula — th 
one,  indeed,  may  l>e  said  to  run  into  the  other. 

The  inferior  tibio-flbular  joint  (syndesmosis  tibio-fibulare)  is  not  on  al 
occasions  provided  with  articular  cartilage,  so  that  it  may  either  be  a  separate  articu 
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V»tion,or  it  may  merely  present  a  series  of  ligaments  which  are  accessory  to  the  uukle- 

Vwt,  becauae  it  is  clear  that,  under  any  circinnstances,  the  object  aimed  at  in  this 
axticulation  is  to  obtain  additional  security  for  the  ankle-joint.  The  articular  surface 
OD  the  tihia,  when  present,  constitutes  a  narrow  articular  strip  on  the  outer  side  of 
the  lower  end  of  the  bone,  and  the  joint-cavity  is  practically  an  upward  extension 
A  the  ankle-joint.  The  corresponding  fibular  facet  is  continuous  with  tlie  ex- 
teuBive  articular  area,  by  means  of  which  the  fibula  articulates  with  the  astragalus. 
By  tar  the  greater  part  of  the  opposing  surfaces  of  tibia  and  fibula  are,  however, 

'-  non-articular  and  rough. 

j        The  supporting  li^funents  are  of  ^^reat  strength. 


Ijonrr  Mid  uf  kluia  uf  111 


\ino\«  oil  irittfnuil  iiiaUetthi  - 

kc  trillion  of  tibial bi  iKMticn-^ 

t«ii<liiii 

Trut-hlear  Mirface  ■ 
HHtragal- 


Ibl'-riial  lateral  lipiiiii*Dt- 


nimxiif  sheath  for  teii<loii  uf  ftrxar 
:fu«t<iitnfuluiii  t.ili 


Flrvir  loii^us  lialliicis  t«'Diloii  tL-ut>— 

i^jiterwr  calcaiiHo.Ji^tmiiiiJold  Ligament 


TlblM^nbulftT  lubeitxiMcouM  liiPiiibraiio 
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llbtiiiir  UiipiiiKMit 

'avei  oii  astni^ialus  fui 
truriBv^T*!*  iiifiTior  tibiit- 
n^jubir  ligHimiit 

PcMU'tior  talii-libnlar  li^'aint'iil 
.pi:ifitpriorfaHciculusof«*.\tcr«jal 
iatexil  llgaiiieiil) 


CalcaiLt^'tibulur  li^'aiiifiit 
(middle  fa>ck'iibis  of  <'Xt<Tnal 
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I'iiIktosIIv  of  OS  cnlcis 


Fig.  237. — Axklk-Joint  DissEcrrED  kuom  liEUiNi)  with  Pakt  ok  thi.  <.'ai'sulaii  LuiAXiKM  Jvemovkd. 

The  anterior  inferior  tibio-flbular  ligament  (li^^  niallwli  lateralis  antoriiis,  Fig. 
240;  consists  of  strong  fibres  which  pass  obliquely  downwards  and  outward^^  lVr>ni 
ihe  front  of  the  lower  end  of  the  tibia  to  the  t'rtmt  of  tlie  external  malleolus. 

The  posterior  inferior  tibio-flbular  ligament  (lig.  malleoli  lateralis  postt^rius,  Figs. 
-•T  and  2o8)  is  equally  strong,  and  passes  in  a  similar  direction  between  corre- 
sponding posterior  surfaces. 

A  transverse  inferior  tibio-flbular  ligament  (Figs.  237  and  238)  stretehes,  in  tlu; 
'iirection  indicated  by  its  name,  ])etween  the  }>osterior  interior  border  of  the  tibia 
and  thi'  up]»er  end  of  the  pit  on  the  iuner  and  posterior  aspect  of  the  external 
iiiiiUeolus. 

An  interosseous  ligament,  jMAveri'ul  and  somewhat  extensive,  connects  the  con- 
tiguous rough  non-articular  surfaces.  Su])eriorly,  as  already  mentioned,  it  is  C(m- 
tinuous  with  the  interosseous  membrane.  Anteriorly  and  posteriorly  it  comes 
into  contiict  with  the  more  superficial  ligaments.  Interiorly  it  <lescends  until  it 
comes  into  intimate  association  with  the  joint-cavity. 
22 
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A  synovial  membrane  is  found  lining  the  small  joint-cavity,  but  it  is  always  i 
direct  prolongation  from  that  which  lines  the  ankle-joint. 

JOINTS   OF  THE  FOOT. 


THE   ANKLE-JOINT. 

The  ankle-joint  (articulatio  talo-cruralis)  is  a  ginglymus  variety  of  a  diartliroei 
The  bones  which  enter  into  its  formation  are  the  lower  ends  of  the  tibia  and  fibul 
with  the  articular  areas  on  the  upper,  lateral,  and  mesial  surfaces  of  the  astragak 
The  tibia  and  fibula,  aided  by  the  transverse  inferior  tibio-fibular  ligament,  form 
three-sided  socket  within  which  the  astragalus  is  accommodated.  The  roof  i 
highest  part  of  the  socket,  which  is  wider  in  front  than  behind,  is  formed  chiefly  I 
the  quadrilateral  articular  surface  which  characterises  the  lower  end  of  the  tibi 
but  towards  its  postero-extemal  margin  the  transverse  inferior  tibio-fibular  ligj 
ment  assists  in  its  formation.  Here  also  the  tibial  articular  surface  is  continuoi 
with  the  narrow  articular  facet  already  described  as  forming  part  of  the  inferi( 
tibio-fibular  joint.  The  inner  wall  of  the  socket  is  formed  by  the  articular  facet  o 
the  outer  side  of  the  internal  malleolus,  and  there  is  no  interruption  of  the  articuk 
cartilage  between  the  roof  and  inner  wall  The  outer  wall  of  the  socket  is  quil 
separate  from  the  foregoing  parts,  and  consists  of  a  large  triangular  facet  upon  tl 
inner  side  of  the  external  malleolus.  This  facet  is  situated  immediately  in  front  ( 
the  deep  pit  which  characterises  the  posterior  part  of  this  surface  of  the  fibula. 

A  small  lunate<l  facet  is  frequently  found  upon  the  anterior  surface  of  the  lower  end  of  tl 
tibia,  ])articularly  among  those  races  characterised  by  the  adoption  of  the  **  squatting  '*  postui 
When  this  facet  exists  it  is  continuous  with  the  anterior  margin  of  the  roof  of  the  socket,  and 
articulates  with  a  similar  facet  upon  the  upper  surface  of  the  neck  of  the  astragalus  in  tl 
extreme  flexion  of  the  ankle-joint  which  "  squatting  "  entails. 

The  articular  surface  upon  the  body  of  the  astragalus  adapts  itself  to  the  tibi( 
fibular  socket,  and  presents  articular  facets  corresponding  to  the  roof  and  sides  < 
the  socket.  Thus  the  superior  surface  of  the  astragalus  possesses  a  quadrilaten 
articular  area,  wider  in  front  than  behind,  distinctly  convex  in  the  antero-posteric 
direction,  and  slightly  concave  transversely.  In  addition,  towards  its  posten 
external  margin,  there  is  also  a  narrow  antero-posterior  facet  corresponding  to  tl 
transverse  inferior  tibio-fibular  ligament.  The  articular  cartilage  of  this  upp 
surface  is  continued  without  interruption  to  the  tibial  and  fibular  sides  of  the  bon 
although  the  margins  of  the  superior  area  are  sharply  defined  from  the  later 
facets,  the  outer  of  which  is  triangular  in  outline,  while  the  inner  is  pyriform,  bi 
in  each  case  the  surface  is  vertical 

Ligaments. — The  ligaments  form  a  complete  investment  for  the  joint,  i.e. 
caiMSule  in  which  the  individual  parts  vary  considerably  in  strength,  and  a 
described  under  separate  namea 

The  anterior  ligament  is  an  extremely  thin  membrane,  containing  very  fc 
longitudinal   fibres.      It  extends   from   the   lower   border   of   the    tibia   to  tl 

upper  border  of  the  head 
the    astragalus,    passing 

^^ front  of  a  pad  of  fat  whi 

ngament  of  fills  up  the  hollow  above  t 

ankle-Joint    ^eck  of  that  bonC. 

The  posterior  ligame 
is  attached  to  contig 
ous  non- articular  horde 
of  the  tibia  and  astragali 
Many  of  its  fibres  radia 
inwards  from  the  exten 
malleolus.  This  aspect  of  t 
joint  is  strengthened  by  t 
strong,  well-defined,  trai 
verse  ligament  already  described  in  connexion  with  the  inferior  tibio-fibular  joint 
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Fig.  238. — Articular  Surfaces  of  Tibia  and  Fibula  which 
arb  opposed  to  the  astragalus. 
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The  external  lateral  ligament  (Figs.  237,  238,  and  240)  is  very  powerful,  and  is 
divisible  into  three  fasciculi,  which  are  distinguished  from  each  other  by  names 
descriptive  of  their  chief  points  of  attachment. 

The  anterior  fasciculus  (lig.  talo-fibulare  anterius)  is  the  shortest.  It  extends 
from  the  anterior  border  of  the  external  malleolus  to  the  astragalus  immediately  in 
front  of  its  external  articular  surface. 

The  middle  fa^iculus  (lig.  calcaneo-fibulare)  is  a  strong  and  rounded  cord.  It 
b  attached  by  one  end  to  the  front  of  the  tip  of  the  external  malleolus,  and  by 
the  other  to  the  outer  side  of  the  os  calcis,  immediately  above  the  groove  for  the 
peroneal  tendons. 

The  posterior  fa^icvlus  (lig.  talo-fibulare  posterius)  is  the  strongest.     It  runs 

transversely  between  the  lower  part  of  the  fibular  or  digital  fossa  on  the  inner 

,    aspect  of  the  malleolus  and  the  posterior  surface  of  the  astragalus,  where  it  is  attached 
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SusU'nt-aculuiii  Uili 
Fio.  239. — Ankle  and  Tarsal- Joints  krom  the  Tibial  Aspect. 

t'>  the  external  tul)ercle  and  the  adjoining  rough  surface.     Sometimes  this  tuijercle 
i^  det'iched  from  the  astragalus,  and  represents  a  separate  ]>one-  -the  os  trignnum. 

The  internal  lateral  ligament  (lig.  deltoideum,  Figs.  238  and  239)  has  the  general 
sha{>e  of  a  delta,and  is  even  stronger  than  tlie  external  ligament.     It  is  attached  a]>ove 
to  a  m  irked  impression  on  the  lower  part  of  the  internal  iiialle(>lus,  and  below,  in  a 
continuous  layer,  to  the  scaphoid,  astragalus,  and  oa  calcis.     In  it  we  may  recog- 
nise the  following  special  Imnds  — (a)  tlie  Hg.  taIo-( ibiale  anierius,  y>'\ueh  extends 
from  the  front  of  the  inner  malleolus  to  the  neck  of  tlie  astragalus;  (h)  the  lig. 
hlO'iibiale  posterius,  stretching  between  the  back  of  the  inner  malleolus  and  the 
jjostero-intemal  rough  surface  of  the  astragalus ;  (c)  the  lig.  tibio-nariculare,  whicli 
extends  from  the  tip  of  the  inner  malleolus  to  tlie  inner  side  of  the  scaphoid;  (d) 
the  lig.  calcaneo-tihiale,  which  extends  y>etween  the  tip  of  the  inner  malleolus  and 
the  inner  side  of  the  sustentaculum  tali;    (e)  lig.  (alu'tihiale  profumlum,  which 
Ciinsists  of  deeper  fibres  extending  from  the  ti[>  of  the  internal  malleolus  to  the 
inner  side  of  the  astragalus. 

Synovial  membrane  lines  the  capsular  ligament,  and,  as  already  descril)ed,  the 
joint-cavity  communicates  directly  with  the  inferior  tihio-fibular  joint.  Both  at 
the  front  and  back  of  the  ankle-joint,  as  well  as  superiorly  in  the  angle  formed  by 
the  three  bones,  the  synovial  membrane  covers  pada  of  fat. 
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Movements  at  the  Ankle-Joint. — In  the  i^nHt  attitude  the  foot  is  placefl  at  right  aiigluli 

the  leg ;  in  other  wonls,  the  normal  jKisition  of  tlie  ankle-joint  i«*  flexion.  Thc»se  n)ov«^iueito 
which  tend  to  diminish  the  angle  so  forme<l  hy  the  dorsum  of  the  foot  and  tho  fnmt  of  tk 
h'g  arc  caUed  dorsiflexion,  while  those  which  tend  to  increase  the  angle,  i.e.  to  Htmight«ii  tW 
foot  uiH)n  the  leg,  are  calltHl  extension.  As  a  matter  of  fact  neither  (loi-siflexion  uor  exteitfioi 
is  <»ver  completely  earrie<l  out,  and  the  range  of  movement  of  which  the  foot  is  capal)le  it*  limitri 
to  al)out  90".  These  movement.'*  occur  alnait  an  ol)li(piely  transverse  axis,  as  is  indicated  bjtW 
natural  outwanl  ]>ointing  of  the  toes.  The  weiglit  of  the  ImkIv  falls  slightly  anterior  to  the  ankk- 
joint,  so  that  a  certain  amount  of  muscular  action  is  nccessitate<l  in  oitler  to  maintain  the  foot  at 
right  angles  to  the  leg;  hut  additional  stahility  is  obtainwl  from  the  obliquity  above  mentionei 

When  the  f(K)t  is  raisnl  fi-om  the  gi-ound,  niuscular  action  tends  naturally  to  produce  a  cerUii 
amount  of  extension.  When  the  foot  is  extended,  as  in  standing  on  the  tws,  the  hinder  namv 
part  of  the  astragalus  moves  forwanls  into  the  wider  part  of  the  interval  U'tween  the  tibia  iid 
hbula,  whereas  in  dorsiflexion,  Jis  in  mi.sing  the  fore  part  of  the  f<K)t  fi-om  the  ground,  the  widot 
part  of  the  astnigalus  is  forcwl  back  l)etween  the  til)ia  and  fibula  ;  but  notwitlistancling  thedif- 
tentnce  between  thes^'  two  movements,  the  fibula  remains  in  elose  contact  with  the  astnigahii«lij 
reason  of  iht*  action  of  the  transverse  inferior  tibio-fibular  ligament  and  the  posterior  talo-fihnkr 
ligament,  so  that  lateral  movement  is  i>n:*vented. 

It  is  d<mbtful  whether  lateral  movement  at  the  ankle-joint  can  Ik?  obtaine<l  by  any  uatunl 
movement  of  the  f(Mjt,  .ilthough  it  is  generally  believe<l  that  in  the  pa^^ition  of  ])artial  exteiuine 
a  small  amount  of  lateral  movement  may  Ini  pro<lucAMl  In*  the  application  of  external  foite. 
"This  apparent  ]»lay"  of  the  ankle-joint  iluring  extension' "  is  n'ally  due  to  oscillation  of  the 
small  iMuies  of  the  foot  on  each  other,  largely  of  tin*  scaphoid  on  the  astragalus,  but  also  of  tbe 
cul)oi<l  on  the  cahtaneum.  Ex<xissive  mobility  of  thivsr  latter  is  restrainerl  by  an  in){K.)rtant 
function  of  th<*  posterior  tulH*rcle  of  the  cul^ud  whi<'h  h^ks  into  a  notch  in  the  os  calcia'* 
(Blake.. 

INTEHTAHSAL  JOINTS. 

Tht'se  joiuts  (articulatione.s  iiitertarsese)  are  all  diarthroses  in  which  the  gliding 
niovennmt  ia  charaoteristicas  in  the  carpus.    With  the  viewf)f  obtaining  a  proper  con- 
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Fig.  240.— I.h;amknts  ny  thk  Outkb  Asi'ect  ok  thk  Ankle-Joint  and  on  the  Dorsum  of  thk  Tabkc 


ception  of  the  many  beautiful  mechaniciil  principles  involv(»d  in  thoconstruction  of  tli 
foot,  it  is  necessary  to  study  these  articulations  with  considerable  attention  to  detai 

Articnlatio  Talo-calcanea. — The  astragalus  and  as  calcis  articulate  with  eac 
other  in  the  articnlatio  talo-calcanea  or  calcaneo-astragaloid  joint. 

This  joint  is  situated  between  the  inferior  facet  on  the  body  of  the  astragali] 
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a  corresponding  facet  on  the  upper  aspect  of  the  hinder  part  of  the  os  caleis. 

each  bone  the  articulation  is  limited  in  frout  by  a  wide,  deej)  groove  which 

a  obliquely  across  each  l)one  from  within  outwards  and  forwards. 

The  supporting  and  investing  ligaments  form  a  capsule,  consisting  for  the  most 

t  of  short  fibres,  but  the  joint  derives  additional  strength  from  the  external  and 

irnal  lateral  ligaments  of  the  ankle-joint.     The  capsule  is  subdivided  into  the 

owing  astragalo-calcaneal  or  talo-calcaneal  bands : — 

The    anterior    talo-calcaneal    ligament    consists    of    a    band    of    short    fibres 

ced  immediately  in  relation  to  the  anterior  end  of  the  deep  groove  which 

mds  the  articular  facets. 

ey  are  attached   to  the 

t^ro  -  external  aspect  of 

i  neck  of  the  astragalus, 

ail   which    they    extend 

wn wards  to  the  adjacent 

perior  surface  of  the  os 

lois. 

The  external    talo-cal- 
neal  ligament  (Fig.   240) 

in  continuity  with  the 
nder  Inmler  of  the  pre- 
iling  ligament,  and  it  is 
iiced  parallel  to,  but  on 
deei>er  plane  than,  the 
liddle  fasciculus  of  the 
aernal  lateral  ligament 
f  the  ankle-joint.  It  con- 
st8  of  short  fibres  passing 
etween  the  adjacent  rougli 
uter  margins  of  the  two 
ones. 

The  posterior  talo-cal- 
aneal  ligament  (Fig.  240) 
k>s«?s  the  joint-Ciivity  on  its 
ost^rior  aspect.  It  consists  of  fibres  which  radiate  from  the  posterior  aspect  of 
he  external  tuljercle  of  the  astragalus  to  the  upper  surface  of  the  os  caleis, 
[iiiiiediitely  behind  the  articular  facet. 

Tht^  internal  talo-calcaneal  ligament  lies  obliquely  on  the  inner  side  of  the  joint, 
nd  consistss  of  fibres  which  extend  from  the  inner  posterior  tubercle  of  the 
str.i^ralus  to  the  hinder  rouorhened  border  of  the  sustentaculum  tali.  Some  of  its 
i»rf;s  become  continuous  with  the  internal  calcaneo-scuphoid  ligament. 

The  interosseous  talo-calcaneal  ligament  (Fig.  240)  closes  the  antero-iiitcrnal 
siK'Ct  of  tlie  joint.  It  is  the  strongest  of  the  series  of  ligaments  entering  into  the 
qjsule.  Compare<l  with  it  the  other  bands  are,  comparatively  speaking,  insi^ni- 
caQt.  Its  attachments  are  to  the  bottom  of  each  groove,  so  that  it  occupies  the 
irsiil  canal  formed  by  these  opposing  grooves. 

A  synovial  membrane  lines  the  capsule,  and  it  is  distinct  from  other  tarsal 
novial  meml^ranes. 

Articnlatio  Talo-calcaneo-navicularis. — This  is  one  of  the  most  important  of 
le  joints  of  the  foot,  not  only  because  tlie  astragalus  is  here  situated  in  relation 

the  summit  of  the  antero-postcrior  arch  of  the  fuot,  but  because  the  head  of 
c  astragalus  is  received  into  a  composite  socket  made  up  of  sustentaculum  tali, 
iphoid,  and  the  inferior  or  internal  calcaneo-scaphoid  ligament. 

The  articular  surface  on  the  head  of  the  astragalus  proscuits  ant(^riorly  a 
rivex  rounded  facet  for  articulation  with  tlu^  scaplioid,  inferiorly  a  convex  facet 
lich  rests  upon  the  sustentaculum  tali,  and  intermediate  between  these  two  there 
ii  triangular  facet  which  articulates  with  the  inferior  calcaneo-scaphoid  ligament. 
1  these  facets  are  in  continuity  with  each  otlier,  and  are  in  front  of  the  tarsal 
X)ve  on  the  under  surface  of  the  astragalus.     Occasionally  a  fourtU  uattONV  Vw^iiVK^ 


Fig.  241.- 


-ThK    COMI'OSITK    AUTlCUhAR   SOfKKT   FOR   THE    HEAD   OK 
THE    ASTRAOALl'S. 
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found  along  the  outer  and  hinder  part  of  the  articular  surface  of  the  head  of  U» 
astragalus,  whereby  it  articulates  with  superior  or  external  calcaneo-scaphoid  ligameiiL 

The  scAplioid  or  navicular  bone  presents  a  shallow,  cup-shaped,  articular  caTi^ 
towards  the  head  of  the  astragalus. 

The  articular  surface  of  the  sustentaculum  tali  is  concave,  and  is  usually  maM 
off  into  two  f  icets. 

Two  ligaments  play  an  important  part  in  binding  together  the  os  calcis  anl 
the  scaphoid,  although  these  bones  do  not  directly  articulate ;  and  further,  then 
ligaments  provide  additional  articular  surfaces  for  the  head  of  the  astragalm 
These  are  the  two  following  :-- 

(a)  The  inferior  or  internal  calcaneo-scaphoid  ligament  (Figs.  239  and  242)  is  u 
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Fuj.  242. — Plantah  Aspect  of  Tarsal  a>'D  Takso- metatarsal  Joints. 

extremely  powiTlul  fibro-eartilaginous  tie-band.  It  extends  between  the  anterior 
margin  of  the  sustentixculuin  tali  and  the  inferior  surface  of  the  scaphoid  bone.  Certain 
of  its  upper  fibres  radiate  upwards  on  the  inner  surface  of  the  scaphoid,  and  become 
continuous  with  the  tibio-navicular  portion  of  the  deltoid  ligament  of  the  ankle- 
joint.  The  plantar  aspect  of  this  ligament  is  in  contact  with  the  tendon  of  the 
tibialis  posticus  muscle,  through  which  the  head  of  the  talus  receives  great  8upi>ort. 
Superiorly  it  contributes  an  articular  surface  which  forms  a  triangular  portion  of 
t  he  floor  of  the  composite  socket  in  which  the  head  of  the  talus  is  received. 

(6)  The  superior  or  external  calcaneo-scaphoid  ligament  (Fig.  241)  lies  deeply 
in  the  fnait  part  of  the  sinus  tarsi,  i.e.  the  interval  between  the  astragalus  and  od 
calcis.  Its  fibres  are  short,  and  extend  from  the  dorsal  surface  of  the  front  part  of 
the  08  calcis,  immediately  to  the  outer  side  of  the  sustentacular  facet,  forwards  to 
the  outer  side  of  the  scaphoid  bone.     Frequently  the  ligament  presents  a  surface 
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dch  articulates  with  the  head  of  the  astragalus,  and  in  these  cases  it  forms  a  part 
the  composite  socket. 

The  cavity  of  the  talo-calcaneo-navicular  joint  is  closed  posteriorly  by  the 
berosseous  talo-calcaneal  ligament  already  described.  On  its  inner  and  outer 
ferior  aspects  it  is  closed  by  the  calcaneo-scaphoid  ligaments. 

The  superior  and  lateral  aspects  are  covered  by  an  astragalo-scaphoid  membrane 
ligament.  This  ligament  is  thin,  and  extends  from  the  upper  non-articular  area 
L  the  head  of  the  astragalus  to  the  dorsal  surface  of  the  scaphoid  bone.  It  may 
\  subdivided  into  dorsal  (superior),  lateral  (external),  and  medial  (internal), 
stngmlo-acaiihoid  ligaments  (Fig.  239),  which,  with  the  calcaneo-scaphoid  and 
rterosseous  talo-calcaneal  ligaments,  complete  the  capsular  investment  of  the  joint. 

A  distinct  synovial  membrane  lines  all  parts  of  the  capsule  of  the  joint. 

Articalatio  Oalcaneo-cnboidea. — This  is  situated  between  the  anterior  concavo- 
jnvex  surface  of  the  os  calcis  and  the  posterior  similar  surface  of  the  cuboid. 

The  ligaments  which  invest  this  joint  constitute  a  calcaneo-cuboid  capside,  whose 
arts  are  arranged  in  relation  to  the  four  non-articular  sides  of  the  cuboid  bone, 
mi  are  especially  strong  upon  the  plantar  aspect,  in  relation  to  their  great  import- 
.nce  in  resisting  straina 

The  internal  calcaneo- cuboid  ligament  occupies  part  of  tlie  interval  between 
he  astragalus  and  os  calcis — sinus  tarsi.  It  is  sometimes  called  the  interosseous 
;alcaneo-cul)oid  ligament,  and,  in  conjunction  with  the  superior  or  external 
alcaneo-scaphoid  ligament,  it  forms  a  V-shapod  structure,  of  which  the  single  end 
3  attached  to  the  os  calcis,  and  the  double  ends  separate  to  reach  contiguous 
ureas  on  the  scaphoid  and  cuboid  resi)ectively. 

The  doisal  calcaneo-cuboid  ligament  (Fig.  240)  is  a  broad  portion  of  the  capsule 
Mtending  between  the  dorsal  surfaces  of  the  two  bones.  , 

The  external  calcaneo-cuboid  ligament  is  another  but  narrower  part  of  the 
japsule  which  extends  from  the  outer  aspect  of  the  os  calcis  to  the  outer  aide  of 
:he  cuboid,  immediately  behind  the  facet  on  the  tuberosity. 

The  inferior  calcaneo-cuboid  ligaments  are  two  in  number — a  superficial  and  a 
ieep.  The  superficial  series  of  fibres,  the  long  plantar  ligament  (Fig.  242),  is 
ittached  to  the  under  surface  of  the  os  calcis  in  front  of  its  tuljerosities.  It  forms 
I  long  powerful  structure  which  runs  forwards  to  be  fixed  to  the  under  surface  of  the 
:\x\md  ridge,  but  many  of  its  fibres  pass  superficial  to  the  tendon  of  the  peroneus 
'»nt,'us.  and  extend  to  the  bases  of  the  third,  fourth,  and  fifth  metatarsal  bones. 

The  deep  series  of  fibres,  the  short  plantar  ligament  (Fig.  242),is  distinctly  separated 
inm  the  fonuer  by  a  layer  of  areolar  tissue.  It  forms  a  broad  but  short  band  of  great 
^reagth,  which  is  attached  to  the  under  surface  of  the  front  end  of  the  os  calcis, 
m«i  extends  to  the  under  surface  of  the  cuboid  just  l)ehind  the  ridge.  IJoth  of 
:he:«  ligjiments  are  of  great  importance  in  maintaining  the  lon^atudinal  arch  of  the 
foot,  and  in  this  respect  are  only  second  to  the  inferior  calcaneo-scaphoid  ligaments. 

A  synovial  membrane  lines  the  capsule. 

Transverse  Tarsal  Articulation. — This  is  a  term  sometimes  ai)plied  to  tlie 
istragah >-scaphoid  and  calcaneo-cuboid  joints.  These  articulations  do  not  com- 
uuniciite  with  each  other;  and  although  there  is  an  cxicasional  direct  articula- 
m  l.»etween  the  scaphoid  and  cuboid,  it  does  not  constitute  an  extension  of  the 
ran.sverse  tarsal  joint,  but  is  a  prolongation  from  the  series  of  scapho-cuneiform 
M  euneo-cuboid  articulations. 

Nevertheless  there  is  always  a  eet  of  ligaments  which  bind  the  scaplioid  and 
uboid  liones  together,  and  these  may  l>e  regarded  as  accessory  to  the  various 
rauKverse  tarsiil  joints. 

The  dorsal  scapho-cuboid  ligament  (Fig.  240)  consists  of  short  oblique  fibres  which 
ttach  the  contiguous  dorsal  surfaces  of  the  culK)id  and  scaphoid  bones. 

The  plantar  scapho-cuboid  ligament  is  transverse  in  direction,  and  extends 
?tween  adjacent  plantar  areas  of  the  cuboid  and  scaphoid  bones. 

The  interosseous  scapho-cuboid  ligament  intervenes  between  contiguous  surfaces 
'  tlie  same  bones.  When  there  is  an  extension  of  the  scapho-cuneiform  joint  back- 
ards  lietween  the  scaphoid  and  cuboid,  it  is  situated  in  front  of  the  last-men- 
)ned  ligament,  and  is  called  the  articulatio  scapho-cuboidea.     AiouTid  l\\\ft  ^o\w\, 
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tlie  preceding  ligaments  are  grouped.     Sinc€,  however,  the  joint  is  inconstant  whOi 
the  ligaments  are  always  present,  it  is  preferable  to  consider  them  as  above  indicatai 

Scapho-cuneifonn  Articulation  (articulatio  cuneo-navicularis). — ^This  joint  ii 
situated  between  the  scaphoid  and  the  three  cuneiform  bones.  The  anterior  suiboi 
of  the  scaphoid  presents  facets  for  each  of  the  cuneiform  bones,  but  its  articular  surfMI 
is  not  inti^rrupted.  These  facets  form  a  somewhat  convex  anterior  surface  which  fk 
into  the  shallow  articular  concavity  presented  by  the  proximal  ends  of  the  tbm 
cuneiform  bones.  This  joint  may  be  extended  ])y  the  occasional  scapho-ouboit 
articulation  already  referred  to. 

The  capsule  is  com^x^sed  of  short,  strong  bands  which  are  distinctly  vifdhb 
on  all  sides  except  towards  the  cuboid  bone,  where  the  joint  may  communioli 
with  the  cuneo-cuboid  and  scapho-cuboid  joints.  Anteriorly  the  joint  communi- 
cates with  the  intercuneiform  articulations.  The  dorsal  parts  of  the  capsule  an 
short  longitudinal  bands  termed  dorsal  scapho-cuneiform  ligaments  (Figa  239  aod 
240).  These  extend  without  interruption  to  the  inner  aspect  of  the  joint 
Inferiorly  there  are  similar  bands,  known  as  plantar  scapho-cuneiform  licamM^j 
also  longitudinal  in  direction,  but  intimately  associated  with  offsets  from  tk^ 
tendon  of  the  tibialis  posticus  muscle. 

The  synovial  membrane  which  lines  the  capsule  sends  prolongations  forwards  ot 
each  side  of  the  middle  cuneiform  bone,  and  in  addition  it  often  communicalfli 
witli  the  cuneo-cuboid  joint  cavity,  and  it  always  communicates  with  the  sca]^ 
cuboid  cavity  when  that  joint  exists. 

Intercuneiform  Articulations. — These  are  two  in  numl^r,  and  exist  betweoi 
adjacent  contiguous  surfaces  of  the  three  cuneiform  bones.  These  surfaces  are  partly 
articular  and  partly  non -articular.  The  small  size  of  the  middle  cuneiform  bone 
allows  the  internal  cuneiform  as  well  as  the  external  cuneiform  to  project  forwaidi 
beyond  it  on  both  sides,  and  therefore  the  articular  surfaces  turned  towards  the  middk 
cuneiform  are  not  entirely  occupied  by  that  bone.  They  form  a  recess  towaidi 
the  metatarsus,  into  which  the  base  of  the  second  metatarsal  bone  is  thrust. 

Dorsal  intercuneiform  ligaments  constitute  fairly  strong  transverse  bands 
wliich  extend  between  adjacent  dorsal  surfaces  and  invest  the  joint  cavities  in  this 
direction. 

The  plantar  or  interosseous  intercuneiform  ligaments  are  two  strong  bands 
which  pass  from  the  rough  non-articular  areas  on  opposite  sides  of  the  middk 
cuneilbrm  to  the  opposing  surfaces  of  the  inner  and  outer  cuneiform  l>ones.  These 
ligaments  slmt  in  the  joint  cavities  inferiorly,  and  also  anteriorly  in  the  case  of  tbfi 
outer  of  the  two  joints. 

The  synovial  membrane  is  an  extension  of  that  which  lines  the  scapho-cuneifom 
joint ;  but  while  it  is  restricted  to  the  outer  of  the  two  joints,  in  the  case  of  tb 
inner  one  it  is  prolonged  still  farther  forward  to  the  tarso-metatarsal  series  of  jointf 

Cubo-cnneiform  Articulation. — This  occurs  between  the  rounded  or  oval  facet 
on  the  opposing  surfaces  of  the  cuboid  and  external  cuneiform. 

The  dorsal  cubo-cuneiform  ligament  is  a  Hat,  somewhat  transverse  band  whic 
closes  the  joint  on  its  superior  aspect,  and  extends  between  the  dorsal  surfaces  ( 
the  two  bones. 

The  plantar  cubo-cuneiform  ligament  is  difficult  to  determine.  It  is  situate 
subjacent  to  the  long  plantar  ligament,  and  extends  between  adjacent  rough  surfaa 
of  the  two  bones. 

The  interosseous  cubo-cuneiform  ligament  is  the  strongest.  It  closes  the  joit 
cavity  anteriorly,  and  is  attached  to  the  contiguous  non-articular  surfaces  of  tl 
two  bones. 

The  synovial  membrane  is  frequently  distinct,  but  at  other  times  the  joint  cavit 
communicates  with  those  of  the  scapho-cuneiform  and  scapho-cuboid  articulations 

Sjmovial  Membranes  of  the  IntertarsaJ  Joints. — Four  and  sometimes  ii> 
distinct  and  separate  synovial  membranes  may  thus  be  enumerated  in  connexio 
with  the  tarsal  articulations,  viz. :  (1)  talo-calcaneal ;  (2)  talo-calcaneo-navicularii 
(3)  calcaneo-cuboid ;  (4)  scapho-cuneiform  and  its  extensions ;  (5)  occasional] 
cubo-cuneiform. 
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TARSO-METATARSAL  JOINTS. 

The  taTso-metatarsal  joints  are  found  between  certain  articular  facets  on  the 
.boid  and  three  cuneiform  bones  on  the  one  hand,  and  others  on  the  bases  of  the 
re  metatarsal  bones.  These  articulations  are  associated  with  three  distinct 
Dovial  cavities — namely,  an  inner,  middle,  and  outer. 

(1)  The  inner  tarso-metatarsal  articulation  occurs  between  the  distal  convex 
uniform  surface  of  the  internal  cuneiform  bone  and  the  concavo-reniform  surface 
a  the  proximal  aspect  of  the  base  of  the  first  metatarsal  bone. 

Ligaments  which  form  a  capsule  surround  the  articulation.  In  the  capsule  the 
onal  and  plantar  tarso-metatarsal  bands  are  its  strongest  parts,  but  it  is  not 
eficient  either  on  the  inner  or  on  the  outer  aspects. 

A  separate  synovial  membrane  lines  the  capsule. 

(2)  The  middle  tarso-metatarsal  articulation  is  an  elaborate  joint.  It 
nvolves  the  three  cuneiform  bones  and  the  bases  of  the  second,  third,  and  part  of 
he  fourth  metatarsal  bones. 

The  articulation  presents  the  outline  of  an  indented  parapet  both  on  its  tarsal 
ind  its  metatarsal  aspects.  Thus,  on  its  tarsal  side,  the  inner  and  the  outer  cunei- 
:bnn  bones  project  in  front  of  the  middle  cuneiform,  so  that  the  latter  only  presents 
I  distal  surface  to  the  articulation ;  while  the  internal  cuneiform  presents  a  portion 
)f  its  external  surface,  and  the  external  cuneiform  presents  both  its  distal  and 
portions  of  its  outer  and  inner  surfaces,  since  it  projects  in  front  of  the  cuboid 
bone.  On  its  metatarsal  side  the  base  of  the  second  metatarsal  bone  fits  into  the 
indentation  between  the  outer  and  inner  cuneiforms,  to  which  it  presents  external 
ind  internal  articular  facets,  but  its  proximal  facet  rests  upon  the  distal  facet  of  the 
oiiddle  cuneiform.  The  base  of  the  third  metatarsal  bone  rests  its  proximal  facet 
upon  the  outer  cuneiform.  The  fourth  metatarsal  base  presents  part  of  its  internal 
facet  to  the  external  side  of  the  outer  cuneiform.  In  this  way  the  indentations 
iltemate  on  the  two  sides  of  the  articulation,  and  an  extremely  powerful  interlock- 
ing of  parts  is  provided,  which  places  any  marked  independent  movement  of  these 
metatarsal  bones  entirely  out  of  the  question. 

The  donal  tarso-metatarsal  ligaments  are  broad,  flat  bands  which  represent  the 
most  distinct  part  of  an  investing  capsule.  They  pass  from  behind  forwards,  and 
while  the  second  metatarsal  bone  receives  three,  i.e.  one  from  each  cuneiform,  the 
third  metatarsal  only  receives  one — from  the  external  cuneiform. 

The  plantar  tarso-metatarsal  ligaments  correspond  with  the  foregoing  in  their 
general  arrangement,  but  they  are  weaker.  That  for  the  second  metatarsal  is  the 
strongest.  Oblique  bands  extend  from  the  inner  cuneiform  bone  to  the  second 
and  third  metatarsals. 

The  interosseous  cuneo-metatarsal  ligaments  are  three  in  number.  The  inner 
conin'cts  the  outer  side  of  the  internal  cuneiform  with  the  inner  side  of  the  base  of 
the  second  motatarsfil  bone.  The  middle  connects  the  inner  side  of  the  external 
cuneiform  with  the  outer  side  of  the  base  of  the  second  metatarsal.  The  outer 
cf.nnects  the  adjacent  outer  sides  of  the  external  cuneiform  and  third  metatarsal. 

The  synovial  membrane,  which  lines  this  articulation,  sends  a  prolongation  back- 
wards between  the  inner  and  middle  cuneiform  bones,  where  it  opens  into  the 
scapho-cuneiform  joint.  It  is  likewise  prolonged  forwards  upon  both  sides  of  each 
of  the  bases  of  the  second  and  third  metatarsal  bones. 

(3;  The  external  tarso-metatarsal  articulation  is  found  between  the  proximal 
Hurfa<.'e8  of  the  bases  of  the  fourth  and  fifth  metatarsal  bones  and  the  distal  surface 
of  the  cuboid. 

The  investing  capsule  may  y>e  resolved  into  the  following  ligaments : — 

The  dorsal  tarsometatarsal  ligaments  resemble  those  already  described.  The 
l>ase  of  the  fourth  metatarsal  receives  one  from  tlie  external  cuneiform  and  one 
from  the  cuboid.     The  base  of  tlie  fifth  metatarsal  receives  one  from  the  cuboid. 

The   plantar  tarso-metatarsal  ligaments  are  the  weakest  bands  of   the  series, 
and  consist  of  scattered   fibres  ])assing   from   tlie  cuboid   to   the   teases   of   the 
two  metatarsals.     Some   fibres,  which   are  almost   transverse,  extend  iio\\\  \X\"^ 
22 
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external  cuneiform  to  the  fifth  metatarsal,  and  additional  fibres  reach  the  meta 
tarsals  in  question  from  the  long  plantar  ligament  (calcaneo-cuboid). 

Occasionally  the  tarsal  end  of  the  external  interosseous  (cuneo-metatarsal)  ligi 
ment  is  attached  to  the  inner  margin  of  the  cuboid. 

The  synovial  membrane  is  restricted  to  this  articulation,  and  merely  sends  i 
prolongation  forwards  between  the  opposing  articulate  aspects  of  the  fourth  au 
fifth  metatarsal  bases. 

INTERMETATARSAL  JOINTS. 

The  intermetatarsal  articulations  are  found  between  adjacent  lateral  aspects  o 
the  bases  of  the  four  outer  metatarsal  bones.  The  articular  facets  are  small,  ovd 
or  rounded  surfaces  which  occupy  only  a  limited  portion  of  the  flattened  conti^uo* 
surfaces  of  the  bones.  Each  joint  is  provided  with  a  capsnle,  which,  however,  is  nol 
a  complete  investment,  because  the  three  joint  cavities  are  in  free  commanicatia 
on  their  proximal  aspects  with  the  tarso-metatarsal  joint  cavities — one  with  th 
outer  and  two  with  the  middle.  The  definite  fibres  of  each  capsule  are  sitoatii 
chiefly  in  the  transverse  direction. 

The  dorsal  ligaments  are  short  bands  which  extend  from  one  base  to  the  other. 

The  plantar  and  interosseous  ligaments  are  similarly  arranged,  but  the  latter  sn 
the  strongest  and  most  important  members  of  this  series. 

The  synovial  membranes  are  extensions  from  those  which  line  the  outer  and 
middle  tarso-metatarsal  joint  cavities. 

Frequently  a  bursa  is  found  between  the  bases  of  the  first  and  second  metatarsal  bones.  I 
produces  an  appearance  of  indistinct  facetting  upon  these  bones,  and  it  may  communicate  witl 
the  inner  tarso-metatarsal  (cuneo-metatarsal)  joint 

The  transverse  metatarsal  ligament  lies  upon,  and  is  attached  to,  the  non 
articular  plantar  aspects  of  the  heads  of  all  the  metatarsal  bones.  It  diflfa) 
from  the  corresponding  ligament  in  the  palm  in  the  fact  that  it  binds  all  Hbn 
metatarsal  bones  together,  whereas  in  the  palm  the  thumb  is  left  free.  It  i 
closely  associated  wifli  the  plantar  fibrous  plates  of  the  metatarso-phalangeal  jointi 
to  the  plantar  surfaces  of  which  it  contributes  prolongations  termed  ligamenti 
accessoria  plantaria. 

METATARSO-PHALANGEAL  JOINTS. 

Each  of  these  joints  is  a  modified  ball-and-socket  in  which  a  shallow  cup  upon  tb 
bases  of  the  first  phalanges  receives  the  somewhat  globular  head  of  a  metatarsal  bone 

Each  joint  retains  a  modified  capsule  which  invests  the  joint.  Its  only  distind 
bands  are  the  ligamenta  collateralia.  These  are  strong  cord-like  bands  which  an 
situated  on  the  inner  and  outer  sides  of  each  joint,  where  they  extend  betweei 
adjacent  rough  surfaces. 

On  the  dorsal  aspect  ligaments  distinct  from  the  dorsal  expansion  of  the  ex 
tensor  tendons  can  hardly  be  said  to  exist.  The  plantar  aspect  of  the  capsuli 
consists  of  a  thick  fibrous  plate,  which  in  the  case  of  the  great  toe  present 
developed  within  it  two  large  sesamoid  bones.  In  the  other  toes  this  plate  remain 
fibrous  throughout,  and  is  grooved  on  its  plantar  aspect  for  the  accommodation  ( 
the  long  flexor  tendons.  It  will  thus  be  seen  that  the  metatarso-phalangeal  joints  ai 
constructed  upon  a  plan  very  similar  to  that  of  the  corresponding  joints  in  the  han< 

A  synovial  membrane  lines  the  capsule  of  each  articulation. 

INTERPHALANGEAL  JOINTS. 

Each  toe  possesses  two  interphalangeal  joints  except  the  great  toe,  which  hi 
only  one.  Not  unfrequently  in  the  little  toe  the  distal  joint  is  obliterated  throng 
ankylosis.  All  the  joints  of  this  series  are  uniaxial  or  hinge  joints.  The  natni 
of  the  articular  surfaces  closely  resembles  the  corresponding  joints  in  the  fingera 

Each  joint  possesses  a  capsule  which  is  either  very  thin  or  limited  to  synovia 
membrane  on  the  dorsal  aspect.     The  plantar  surface  of  the  capsule  is  strengtl 
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ned  by  a  fltarmui  iilate.  The  latanQ  ligaments  (ligamenta  coUateralia)  are  well- 
iefined  bands  similar  to  those  already  described  in  connexion  with  the  metatarso- 
>halangeal  joints. 

A  lyiioTial  membrane  lines  each  capsule  in  the  series. 

Mechanism  of  the  Foot — The  bones  of  the  foot  are  arranged  in  the  form  of  a  longitudinal 
md  a  transverse  arch.  The  longitudinal  arch  is  built  on  a  very  remarkable  plan.  Posteriorly 
:he  mass  of  the  oe  calcis  constitutes  a  rigid  and  stable  pier  of  support,  while  anteriorly,  by  increasing 
Lhe  number  of  component  parts,  the  anterior  pier  acquires  great  flexibility  and  elasticity  without 
sacrificing  stren^h  or  stabihtv.  The  summit  of  the  arcn  is  formed  by  the  astragalus,  which 
receives  tne  weijg;ht  of  the  boay  from  the  tibia,  and  the  resilience  of  the  arch  is  assured  by  the 
calcaneo-scaphoid  and  calcaneo-cuboid  hgaments,  together  with  the  plantar  fascia,  which  act  as 
Dowerhd  braces  or  tie  bands,  preventing  undue  separation  of  the  piers  of  the  arch,  and  consequent 
flattening  of  the  foot  The  weight  of  the  body  is  distributed  over  all  the  five  digits,  owing  to 
the  arrangement  of  the  bones  of  the  foot  in  two  parallel  columns,  an  inner  and  an  outer.  The 
fonner,  consisting  of  the  astragalus,  scaphoid,  and  the  three  cuneiforms,  with  the  three  inner 
meutaisal  bones,  distributes  weight  through  the  talo-scaphoid  joint,  while  the  latter  {i.e.  the 
outer  column),  comprising  the  calcaneum,  cuboid,  and  the  two  outer  metatarsal  bones,  acts  in  a 
noiilar  manner  through  the  talo-calcanean  joint  The  main  line  of  immobilitjr  of  this  arch 
p»es  from  the  heel  forwards  through  the  middle  toe,  but  its  anterior  section,  which  is  slender, 
13  supported  on  either  side  by  two  metatarsal  bones,  with  their  proximal  tarsal  associations,  in 
all  01  which  greater  freedom  of  movement  is  found.  The  transverse  arch  is  most  marked  at  the 
lerel  of  tarso-metatarsal  articulations.  The  intersection  of  these  two  arches  at  right  angles  to 
etch  other  introduces  an  architectural  feature  of  great  importance  in  connexion  with  the 
ffupport  of  heavy  weight&  These  longitudinal  and  transverse  arches  of  the  foot  are  in  effect 
•*  vaults  "  intersecting  each  other  at  right  angles,  and  in  relation  to  the  area  which  is  common  to 
both  "vaults"  the  body  weight  is  superpcwed  exactly  as  the  dome  of  a  cathedral  is  carried 
npon  two  intersecting  vaults. 

MoTements  at  tAe  Joints  of  Tarsus,  Metatarsus,  and  Phalanges.— Cousidei-ed  in  detail, 
the  amount  of  movement  which  takes  place  between  any  two  of  those  lx)nes  is  extremely  small, 
and,  so  far  as  the  tarsus  and  metatarsus  are  concerned,  it  is  mostly  of  the  nature  of  a  gliding 
motion. 

At  the  metatarso-phalangeal  and  interphalangeal  joints  movement  is  much  more  free,  and 
b  of  the  nature  of  flexion  (bending  of  the  toes  towards  the  sole  of  the  foot,  t.e.  plantar  flexion) 
and  aztensioiL  The  latter  movement  when  continued  so  as  to  raise  the  toes  from  the  ground, 
and  bend  or  approximate  them  towards  the  front  of  the  leg,  is  termed  dorsiflexion.  Coincident 
with  dorsiflexion  there  is  always  associated  a  certain  amount  of  spreading  of  the  toes,  which  is 
called  abduction,  and  similarly  with  prolonged  flexion  there  follows  a  diminution  or  narrowing 
of  the  transverse  diameter  of  the  front  part  of  the  foot  bv  drawing  the  toes  together —a  move- 
ment termini  adduction.  In  the  foot  the  movements  of  aLduction  and  adduction  take  ]>lace  in 
regard  to  a  plane  which  bisects  the  foot  antero-posteriorly  through  the  second  toe,  for  this  toe 
earned  tho  first  and  second  dorsal  interosseous  muscles. 

Notwithstanding  the  small  amount  of  jpossible  movement  in  connexion  with  indivi<lual 
tanal  and  metatarsal  joints,  yet  the  sum  total  of  the^ie  movements  is  considerable  as  regards  the 
«itire  foot  In  this  way  the  movements  of  inversion  and  eversion  of  the  foot  result.  By 
inveniion  we  mean  the  raising  of  the  inner  Iwrder  of  the  foot  so  that  the  sole  looks  inwards, 
while  the  toej*  are  depressed  towards  the  ground,  and  the  outer  border  of  the  focjt  remains  down- 
wardk  This  takes  place  chiefly  at  the  talo-calcanean  joint,  but  the  transverse  tarsal  joints  also 
participate, 

Eversion  is  chiefly  the  opjx)site  of  inversion,  and  the  return  of  the  foot  to  the  normal  ]>osition 
••f  the  erect  attitude ;  but  under  certain  conditions  it  may  be  carried  further,  so  that  the  outer 
bi>rder  of  the  foot  is  raised  fn)m  the  ground,  while  the  irmer  border  is  depressed.  In  both  of  these 
movements  there  is  rotation  b«^tween  tht?  astragalus  and  os  calcis  alx)ut  an  oblique  axis  which 
paws  from  the  inner  side  of  the  neck  of  the  astragalus  to  the  outer  and  lower  part  of  the  os 
calci;< 

Of  course  all  the  movements  of  the  foot  ai-e  sulxnxlinated  to  its  ]>rimary  functions  as  an  organ 
of  support  and  ])rogression.  For  these  puri>a*ies  its  longitudinal  and  transvei'se  arches  are  of 
citrome  imj>ortance.  The  longitudinal  arch  reiiting  on  the  os  calcis  behind  and  the  hea<ls  of 
thn  metatai:f*al  hemes  in  front  receives  the  weight  of  the  IxkIv,  as  already  explained,  on  the  summit 
of  the  astRigalus  in  the  line  of  the  thinl  toi*.  Hence  it  is  that  the  inner  malleolus  ap])eai*s  to  be 
uii>luly  prominent  on  the  inner  side  of  the  ankle.  The  transverse  arch  buttresses  the  longitudinal 
one,  and  thert»foi"e,  whether  the  body  weight  fall  to  the  outer  or  the  inner  side  of  the  lonijitudinal 
art:li,  it  i.s  supported  by  a  mechanism  at  once  stable,  ilexible,  and  elastic,  or  resilient,  ana  capable 
of  iviiucing  to  a  minimum  all  jars  that  may  be  received  by  the  fore-])art  of  the  foot.  As  the  heel 
is  rai-^l  in  the  act  of  walking,  the  weight  is  gradually  transferred  from  the  outer  to  the  inner 
fiile  uf  the  frM>t,  until  the  foot  finally  leaves  the  ground  with  a  propulsive  movement,  which 
^:«ultsfrom  flexion  of  the  phalanges  of  the  great  toe.  In  this  cx^nnexicm  it  is  worthy  of  note 
that  the  longitmlinal  line  of  greate.st  strength  is  on  the  inner  side  of  the  longitudinal  arch,  i.e, 
in  relation  to  the  great  t^xi. 
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THE   MUSCULAR  SYSTEM. 

MYOLOGY. 

By  A.  M.  Paterson. 

The  movements  of  the  various  parts  and  organs  of  the  body  are  brought  aboat  lif 
the  agency  of  muscle-cells,  which  are  characterised  by  a  special  histological  stmctnn 
and  by  the  special  function  of  contracting  in  length  under  the  influence  of  a  piopi 
stimulus. 

There  are  three  classes  of  muscle-cells  :  (1)  the  striated,  and  usually  voluntttj 
muscle-cells,  out  of  which  the  skeletal  muscular  system  is  constructed ;  (2)  the  nflft- 
striated,  involuntary  muscle-cells,  occurring  in  the  walls  of  vessels  and  hoDof 
viscera,  etc. ;  and  (3)  the  cardial  muscle-cells,  striated  but  involuntary,  of  which  till 
substance  of  the  heart  is  composed. 

The  following  section  deals  solely  with  the  skeletal  muscles,  the  structiil% 
arrangement,  and  mechanical  action  of  which  are  based  upon  a  common  plan. 

The  cells  of  which  the  skeletal  muscles  are  composed  are  long,  narrow,  ail 
characterised  by  a  peculiar  striation,  which  is  different  from  the  striation  (f 
the  muscle-cells  of  the  heart;  they  also  differ  both  in  structure  and  fuiMstki 
from  the  non-striated  muscle-cells  which  occur  in  viscera  and  vessels. 

A  typical  skeletal  muscle  consists  of  a  fleshy  ma^  enveloped  in  a  membianM 
aponeurosis  or  fascia,  and  provided  at  its  extremities  or  borders  with  membianoM 
or  tendinous  attachments  to  bone,  cartilage,  or  fascia. 

Each  muscle  is  made  up  of  a  number  of  fasciculi  or  bundles,  arranged  togethflr  . 
in  different  muscles  in  different  ways,  so  as  to  give  rise  to  the  particular  foimrf  .■ 
the  muscle  in  question.  These  fasciculi  are  connected  together  by  a  delioiti 
connective  tissue,  the  perimysium  externum,  continuous  externally  with  tlM 
aponeurosis  enclosing  the  muscle. 

Each  muscular  bundle  or  fasciculus  is  composed  of  a  number  of  narrow,  eko- 
gated  muscle-cells  or  fibres,  held  together  by  a  still  more  delicate  connective  tUBOflb   : 
the  perimsrsium  internum.     This  tissue  is  connected  on  the  one  hand  with  the  ism- 
lemma  or  cell-wall  of  the  muscle-cell,  and  on  the  other  hand  with  the  coantf 
tissue  of  the  perimysium  externum  enclosing  the  muscular  bundlea 

By  means  of  these  connective  tissue  envelopes  the  muscle-cells,  the  esaentiil 
agents  of  motor  activity,  are  brought  into  firm  and  intimate  relation  with  tfas 
osseous  or  other  attachments  of  the  muscle.  Through  the  agency  of  8areolemms» 
perimysium  internum,  perimysium  externum,  aponeurosis,  and  tendon,  the  musok* 
cell  when  it  contracts  can  produce  a  precise  and  definite  effect  upon  the  weight  to 
be  moved. 

Each  muscle  is  supplied  by  one  or  more  nerves,  which,  in  their  couna 
through  the  muscle,  separate  into  smaller  and  smaller  branches,  ultimately,  by 
their  terminal  filaments  (axons),  forming  special  end-organs  in  relation  to  eaw 
muscle-cell. 

While  a  muscle  may  thus  be  looked  upon  aa  an  organ  endowed  with  particular 
properties,  and  executing  a  definite  movement  in  response  to  a  stimulus  by  the 
simultaneous  contraction  of  its  constituent  cells,  the  various  muscles  may  further 
be  considered  in  groups,  associated  together  by  mode  of  development,  nerve-supply, 
and  co-ordination  of  action.     For  example,  we  speak  of  the  hamstring  muscleB  of 
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,he  thigh,  the  muscles  of  the  back,  and  the  prae vertebral  muscles — groups  in  which 
leparate  muscles  are  associated  together  by  development,  nerve-supply,  and  action, 
[n  their  development  the  separate  muscles  arise  from  the  subdivision  of  a  larger 
itratum,  as  in  the  limbs,  or  from  the  fusion  of  segmental  elements  (myotomes),  as  in 
the  case  of  the  axial  muscles ;  the  peripheral  nerves  supplying  skeletal  muscles  are 
distributed,  through  the  plexuses  or  directly,  so  as  to  associate  particular  muscles 
morphologically  and  physiologically,  and  to  secure  a  co-ordinated  movement  by  the 
umuttaneous  contraction  of  several  muscles  together. 

FASCIiE. 

Beneath  the  skin  there  are  two  (or  in  some  regions  three)  layers  of  tissue  which 
require  consideration :  the  superficial  fascia  (panuiculus  adiposus),  the  deep  fascia 
'fascia  lata),  and,  in  animals,  the  panniculus  cai-fiosus  (rudimentary  in  man,  and 
represented  chiefly  by  the  platysma  myoides  in  the  neck). 

Superflcial  Fascia. — The  superficial  fascia  is  a  continuous  sheet  of  areolar 
issue  which  underlies  the  skin  of  the  whole  body.  It  is  closely  adherent  to  the 
mtis  vera,  and  is  sometimes  termed  pamiiculas  adiposus,  from  the  fact  that,  except 
)eneath  the  skin  of  the  eyelids,  penis,  and  scrotum,  it  is  always  more  or  less 
mpregnated  with  fat.  It  is  traversed  by  the  cutaneous  vessels  and  nerves ;  and 
te  deep  surface,  membranous  in  character,  is  in  loose  connexion  with  the  subjacent 
leep  fascia.     It  is  in  this  layer  that  dropsical  effusions  chiefly  occur. 

Deep  Fascia. — Underneath  the  skin  and  superficial  fascia  is  a  fibrous 
aembrane,  bluish  white  in  colour,  devoid  of  fat,  and  in  closest  relation  to  skeleton, 
igaments,  and  muscles.  This  is  the  deep  fascia.  It  covers,  invests,  and  in  some 
ases  forms  the  means  of  attachment  of  the  various  muscles.  It  has  a  special 
endency  to  become  attached  to  all  subcutaneous  bony  prominences,  and  to  be 
ontinuous  with  the  connecting  ligaments.  It  forms  septal  processes,  which 
eparate  groups  of  muscles  and  individual  muscles;  enclose  glands  and  viscera; 
.nd  form  sheaths  for  vessels  and  nerves.  Around  joints  it  gives  rise  to  bands 
Aich  strengthen  the  capsule  or  limit  the  mobility  of  the  joint,  or,  as  in  the  case 
if  annular  ligaments,  bind  down  the  tendons  passing  over  the  joint.  It  not  only 
insheathes  vessels  and  nerves,  but  is  perforated  by  those  which  pass  between  super- 
icial  and  deei)er  parts. 

The  term  aponeurosis  is  used  in  relation  to  muscles.  It  is  synonymous  with  deep 
iascia,  either  as  an  investing  fascia,  or  as  a  membranous  layer  which  {e.g.  verte])ral 
iponeurosis)  performs  at  one  and  the  same  time  the  purpose  of  a  deep  fascia  and 
the  expanded  membranous  attachment  of  a  muscle. 

The  panniculus  camosus  is  a  thin  muscular  layer  enveloping  the  trunk  of 
iniiuals  with  a  hairy  or  furry  coat.  It  is  strongly  developeil  in  the  hedgehog.  In 
man  it  is  re])resented  mainly  in  the  (rudimentary)  platysma  myoides.  It  is  placed 
bt^tween  tlie  yu]:>erficial  and  the  deep  fascia. 

Bursse. — Where  a  tendon  passes  over  a  bony  surface,  or  where  the  superficial 
fascia  and  skin  cover  a  bony  prominence,  there  is  generally  formed  a  synovial 
Jac.  or  bursa,  containing  fluid,  for  the  puri)ose  of  lubricating  the  surface  over 
ffhich  the  tendon  or  fascia  glides.  Allied  to  these  are  the  synovial  sheaths 
Ahich  envelop  tendons  beneath  the  annular  ligaments  in  relation  to  the  several 
oiats. 

Description  of  Muscles. — In  studying  the  muscular  system  it  is  nec(\ssary  to 
lote  the  following  characters  in  reference  to  each  individual  muscle  :  (1)  The  shape 
)f  the  muscle — flat,  cylindrical,  triangular,  rhomboidal,  etc.- -and  the  chanieter  of 
ts  extremities — membranous,  tendinous,  or  fleshy.  (2)  The  attachments  of  the 
Buscle.  The  imr/in  is  the  more  fixed  or  central  attachment :  the  insertion  is  the 
aiore  movable  or  peripheral  attachment.  (8)  The  relations  of  the  surfaces  and 
"Orders  of  the  muscle  to  bones,  joints,  other  muscles,  and  other  important  structures. 
4)  Its  vascular  au&  nervous  sv/ppl if :  and  (5)  its  action.  It  must  lie  borne  in  mind 
that  hardly  any  single  muscle  acts  alone.  Each  muscle,  as  a  rule,  forms  one 
3f  a  group  acting  more  or  less  in  harmony  with,  and  antagonised  by,  other  and 
opposite  groups. 
22  h 
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DESCRIPTION  OF  THE  MUSCLES. 

The  skeletal  muscles  may  be  divided  into  two  series :  axial  and  appendicoltt 
The  axial  muscles  comprise  the  muscles  of  the  trunk,  head,  and  face,  includiag : 
the  pannicultifi  camosus  (platysma  myoides).  These  muscles  are  more  or  \m\ 
segmental  in  arrangement,  grouped  around  the  axial  skeleton.  The  appendieihr  j 
muscles,  the  muscles  of  the  limbs,  are  grouped  around  the  appendicular  skeletoi.  | 
They  are  not  segmental  in  arrangement,  they  are  clearly  separate  from  tliB§ 
axial  muscles,  and  they  are  arranged  in  definite  strata  in  relation  to  the  bones  d  ' 
the  limbs. 

APPENDICULAR  MUSCLES. 

THE  UPPER  LIMB. 
FASCLE  AND  SUPERFICIAL  MUSCLES  OF  THE  BACK. 

FASCIiE. 

The  superficial  fascia  of  the  back  presents  no  peculiarity.  It  is  usuallj 
of  considerable  thickness,  and  contains  a  quantity  of  fat. 

The  deep  fascia  closely  invests  the  muscles.  It  is  attached  in  the  middle  line 
of  the  back  to  the  ligamentum  nuchas,  supraspinous  ligaments,  and  vertebral  spines; 
laterally  it  is  attached  to  the  spine  of  the  scapula  and  the  clavicle,  and  is  continued 
over  the  deltoid  region  to  the  arm.  In  the  neck  it  is  attached  above  to  the 
superior  curved  line  of  the  occipital  bone,  and  is  continuous  laterally  with  the  deep 
cervical  fascia.  Below  the  level  of  the  arm  it  is  continuous  round  the  border  of  the 
latissimus  dorsi  muscle,  with  the  fascia  of  the  axilla  and  of  the  abdominal  vaE 
In  the  back  and  loin  it  constitutes  the  Tertebral  aponeurosis  or  aponeurosis  of  (he 
latissimus  dorsi.  It  conceals  the  erector  spinae  muscle,  forming  the  posterior  layer  of 
the  lumbar  fascia,  and  it  is  attached  internally  to  the  vertebral  spines,  and  extemil^ 
to  the  angles  of  the  ribs,  to  the  lumbar  fascia,  and  to  the  iliac  crest. 

The  Superficial  Muscles  of  the  Back. 

The  muscles  of  the  back  are  arranged  in  four  series  according  to  their  attadt* 
ments:  (1)  vertebro-scapularandvertebro-humeral;  (2)vertebro-costal;  (3)vertehfO* 
cranial ;  and  (4)  vertebral.  The  first  of  this  series  consists  of  the  posterior  museki 
connecting  the  upper  limb  to  the  trunk,  and  comprises  the  first  two  layers  of  the 
muscles  of  the  back — (1)  trapezius  and  latissimus  dorsi,  and  (2)  levator  anguH 
scapulie  and  rhomboidei  (major  and  minor).  The  deeper  (axial)  muscles  of  the  back 
are  dealt  with  later. 

The  trapezius  (m.  trapezius,  cucullaris)  is  a  large  triangular  muscle  occupying  ths 
upper  |)art  of  the  back.  It  arises  from  the  superior  curved  line  of  the  occipital  bone 
in  its  inner  third,  from  the  external  occipital  protuberance  (Fig.  312,  p.  397),  froia 
the  ligamentum  nuchse,  from  the  spines  of  the  seventh  cervical  and  all  the  thoracifl 
vert^^brae,  and  the  corresponding  supra-spinous  ligaments.  The  origin  is  by  diieci) 
fleshy  attachmeut,  except  in  rektion  to  the  occipital  bone,  the  lower  part  of  Um 
neck,  and  the  lower  thoracic  vertebrae,  in  which  places  the  origins  are  tendinoujB 
From  their  origin  the  muscular  fibres  converge  towards  the  l)ones  of  the  shouldei 
to  be  inserted  conti-^nously  from  before  backwards  as  follows:  (1)  The  occipita 
and  upper  cervical  fibres — into  the  posterior  surface  of  the  clavicle  in  its  oute 
third  (Figs.  243,  p.  319,  and  248,  p.  324);  (2)  the  lower  cervical  and  uppe 
thoracic  fibres — into  the  inner  Ijorder  of  the  acromion  process,  and  the  uppe 
border  of  the  spine  of  the  scapula;  and  (3)  the  lower  thoracic  fibres,  by  , 
triangular  flat  tendon,  beneath  which  a  bursa  is  placed — into  a  rough  tuberosit; 
at  the  base  of  the  spine  of  the  scapula  (Fig.  299,  p.  383).  The  fibres  inserte! 
into  the  clavicle,  acromion,  and  the  upper  border  of  the  spine  of  the  scapula,  sprea> 
over  the  adjacent  subcutaneous  surfaces  of  these  bones  for  a  variable  distaDOi 
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he  occipital  portion  of  the  muscle  may  be  in  the  fonn  of  a  separate  slip,  or  may 
e  entirely  absent 

The  trapezius  is  superficial  in  its  whole  extent.  Its  upper  lateral  border  forms 
he  posterior  limit  of  the  posterior  triangle  of  the  neck.  The  lower  lateral  border, 
passing  over  the  upper  edge  of  the  latissimus  dorsi  and  the  vertebral  border  of  the 
scapula,  forms  a  boundary  of  the  so-called  triangle  of  auscultation  completed  below 
by  the  latissimus  dorsi,  and  externally  by  the  vertebral  border  of  the  scapula.  This 
space  is  partly  filled  up  by  the  rhomboideus  major.  The  deep  surface  of  the  muscle 
is  in  contact  with  the  complexus,  splenius  caj)itis,  omohyoid,  supraspinatus,  levator: 
anguh  scapulae,  rhomboidei,  serratus  posticus  superior,  erector  spincT,  and 
latissimus  dorsi  muscles.  The  spinal  accessory  nerve,  branches  of  the  cervical 
plexus  (C.  3.  4),  and  of  the  superfcial  cervical  and  posterior  scapular  arteries,  are 
situated  beneath  the  muscle. 

The  latissimus  dorsi  is  a  large  triangular  muscle  occupying  the  lower  part  of 
the  back.     It  has  a  triple  origin.     The  greater  part  of  the  muscle  arises — (1)  from 


Pectoralis  major  (origin) 


Stemo-cIeido-iiiA8toi(l 
(clavicular  origin) 

Stemo-hyoid  (origin) 

Trapezius  (insertion)^ 

Fio.  248.— MuscLB- Attachments  to  the  Clavicle  (Upi>er  Surface). 

the  vertebral  aponeurosis  (posterior  layer  of  the  lumbar  fascia  or  aponeurosis  of  the 
latissimus  dorsi).  This  is  a  thick  membrane  which  conceals  the  erector  spin^e  in 
the  lower  part  of  the  back.  Through  it  the  latissimus  dorsi  gains  attachment  to 
the  spines  of  the  lower  six  thoracic  vertebrae,  the  spines  of  the  lumbar  vertebrae, 
and  the  tendon  of  the  erector  spinae  with  which  the  aponeurosis  blends  below.  It 
als(»  arises  more  externally  by  fleshy  fibres  from  the  posterior  part  of  the  iliac  crest. 
From  this  origin  the  muscle  is  directed  upwards  and  outwards,  its  fibres  converging 
to  the  lower  angle  of  the  scapula.  In  relation  to  its  upper  and  outer  borders 
additional  fibres  arise.  (2)  Along  the  outer  horder  muscular  slips  arise  from  the 
lower  three  or  four  ribs,  inter-digitating  with  the  origins  of  the  obliquus  externus 
abdominis.  (3)  As  the  upper  hoi'der  of  the  muscle  passes  horizont^illy  over  the 
lower  angle  of  the  scapula,  an  additional  fleshy  slip  usually  takes  origin  from  this 
part  of  the  bone  to  join  the  muscle  on  its  deep  surface  (Fig.  245,  p.  321). 

Beyond  the  lower  angle  of  the  scapula  the  latissinms  dorsi,  greatly  narrowed, 
curves  spirally  round  the  teres  major  muscle,  and  forms  the  prominence  of  the 
posterior  axillary  fold.  It  ends  in  a  ribbon-like  tendon,  closely  adherent  at  first  to 
the  teres  major,  which  is  inserted  into  the  floor  of  the  bicipital  groove  of  the 
humerus,  exten(iing  for  about  three  inches  below  the  lower  and  outer  part  of  the 
Itaser  tuberosity  (Fig.  253,  p.  329).  It  is  placed  behind  the  coraco-brachialis  and 
biceps,  and  the  axillary  vessels  and  nerves,  and  in  front  of  the  insertion  of  the  teres 
aiajor,  from  which  it  is  separated  by  a  bursa. 

In  the  back  the  latissimus  dorsi  is  superficial,  except  in  its  upper  part,  wliich  is 
Joucealed  by  the  trapezius.  It  lies  upon  the  lumbar  fascia,  serratus  posticus 
aferior,  the  ribs,  and  lower  angle  of  the  scapula,  and  at  its  borders  two  triangular 
ifiaces  are  formed ;  at  the  upper  bonier  is  the  so-called  iHangle  of  auscultation ;  at 
he  outer  border  is  the  triangle  of  Petit,  a  small  space  bounded  by  the  iliac  crest, 
lie  latissimus  dorsi,  and  the  oblitiuus  externus  abdominis.  This  is  the  site  of  an 
'Ccasional  lumbar  hernia. 

The  levator  anguli  scapulae  (levator  scapulae)  is  a  strap-like  muscle,  arising 
)j  tendinous  slips  from  the  posterior  tubercles  of  the  transverse  processes  of  the 
irst  three  or  four  cervical  vertebra^  l>etween  the  attachments  of  the  scalenus 
uedius  in  front  and  the  splenius  colli  behind.     It  is  directed  dowuwaid^.  a\v)Yi^\\\^ 
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side  of  the  neck,  to  be  inserted  into  the  vertebral  border  of  the  scapula  in  its  uppei 
fourth,  from  the  superior  angle  to  the  spine  (Fig.  245,  p.  321).  It  is  conceal^  ii 
its  upper  tliird  by  the  stemo-mastoid  and  deep  muscles  of  the  neck.  In  its  middle 
third  it  occupies  the  floor  of  the  posterior  triangle.     In  its  lower  third  it  is  i 
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Fkj.  244.— Sli'ERfkial  Muscu-is  of  the  Back. 

hidden  from  view  by  tho  trajwzius.     It  conceals  the  splenius  colli  and  cervical 
asceiidens  muscles. 

The  rhomboideus  minor  may  l)e  regarded  as  ii  sej)anited  slip  of  the  rhor 
iMjideus  major,  with  which  it  is  often  continuous.  It  arises  from  the  ligamentu 
nuchm  and  the  aj»ines  of  the  seventh  cerm*al  and  first  thoracic  vertebra*.  Passir 
ol)liquely  downwards  and  outwards,  it  is  inserted  into  the  vertebral  border  of  tl 
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Apula  below  the  levator  anguli  scapulae  muscle,  and  opposite  to  the  base  of  the 
jine  (Fig.  245,  p.  321). 

The  rhomboideus 
oajor  arises  I'roin  the 
ipiiious  processes  of  the 
thoracic  vertebrae  from 
tk  stKJond  to  the  fifth 
inclusive,  and  from  the 
corresponding  supra- 
Bjiinous  ligameu ts.  Pass- 
log  «li»wn  wards  and  out- 
wards, it  is  inserted  helow 
the  rhombcjideus  minor 
into  the  vertebral  border 
ol  thf  scapula,  between 
tlif  8] line  and  the  lower 
angle  (Fig.  245,  p.  321). 
Tlie  inusele  is  only  in- 
sert^ directly  into  the 
mynh  by  means  of  its 
low»*r  fibres.  Its  upper 
part  is  attached  to  a 
niembranousband,  which, 
cmnected  for  the  most 
part  by  loose  areolar 
im\e  to  the  vertebral 
bonier  of  the  scapula,  is 
fixed  to  the  bone  at  its 
extremities,  above  near 
ilieKise  of  the  spine,  and 
Wuw  at  the  inferior 
anu'le. 

The  rhomboid  muscles  are  concealed  for  the  most  part  by  the  trapezius.  The 
lower  ]>art  of  the  rhomboideus  major  is  superficial  in  the  triangle  of  auscultation. 
Tlif  musclKs  cover  the  serratus  posticus  superior  and  vertebral  a]jonouroaiH. 


IVriSfl  n^Jor  (origin) 


.  LAlliuimii^deFrKi  (^^rlgin) 
Fio.  245. — Muscle- Attachments  to  the  Scapitia  (Posterior  Surface). 


THE  FASCIA  AND  MUSCLES  OF  THE  PECTORAL  REGION. 

FASCUO. 


The  superficial  fascia  of  the  chest  usually  contains  a  quantity  of  fat,  in  which 
the  mamma  is  embedded.  The  origin  of  the  platysnia  myoides  muscle  lies  beneath 
its  npjjcr  part-. 

The  deep  fascia  is  attached  above  to  the  clavicle,  and  internally  to  the 
?*t<'iriuni.  l»elow  it  is  continuous  with  the  fascia  of  the  alxloniiual  wall.  It  gives 
origin  to  the  ]>L'itysma  myoides,  and  invests  the  pectoralis  major.  At  the  outer 
mAi'X  of  the  great  pectoral  muscle  it  is  thickened,  and  forms  the  floor  of  the 
ixili.iry  s]:»ace  (axillary  fascia),  continued  jwsteriurly  on  to  the  posterior  fold  of  the 
iixilla  (teres  major  and  latissmus  dorsi),  and  externally  into  connexion  \vith  the 
ieej»  fascia  of  the  arm. 

Costo-Coracoid  Membrane. — r)eneath  the  pectoralis  major  a  deeper  stratum  of 
'"'isoia  invests  the  pe(*toralis  minor  muscle.  At  the  upjjer  border  of  this  niuRcle  it 
•Tins  the  c«  »sto-coracoid  membrane,  which  passes  upwards  to  the  lower  border  of  the 
uiiclavius  muscle,  where  it  s]>lits  into  two  layers,  attached  in  front  of  and  behind 
hat  muscle  to  the  borders  of  tlie  under  surface  of  the  chiviele.  The  membrane 
raced  inwards  along  the  subelavius  muscle  is  attached  to  tlie  first  costal  cartilage; 
•a^'sing  outwards  along  the  upper  border  of  the  prctoralis  minor  it  reaches  the 
"^'racoid  process.     The  part  of  thn  mrinhmne  extending  directly  loeWeGw  \\\^  ^^'e^X, 
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costal  cartilage  and  the  coracoid  process  is  thickened  and  forms  the  co 
ligament.     The  costo-coracoid  membrane  is  otherwise  thin  and  of  coi 
small  importance.     It  is  pierced  by  the  cephalic  vein,  thoracic  axis 
vein,  and  branches  of  the  external  anterior  thoracic  nerve.     By  its  deep 
connected  to  the  sheath  of  the  axillary  vessels. 

At  the  lower  border  of  the  pectoralis  minor  there  is  a  further  extt^i 
deep  fascia  beneath  the  pectoralis  major.  It  passes  downwards  to  joii 
forming  the  floor  of  the  axilla,  and  is  continued  externally  into  the  fasc 
the  biceps  and  ooraco-brachialis  muscles. 


Ml'SCLES  OF  THE  PECTORAL  REGION. 


St<>rno-cleido>inaiiU>id  (origin) 


The  anterior  muscles  connecting  the  upper  limb  to  the  axial  skeletc 
the  pectoralis  major,  pectoralis  minor,  subclavius,  serratus  magnus,  £ 
cleido-mastoid.     The  last  is  described  in  a  later  section. 

The  pectoralis  major  is  a  large  fan-shaped  muscle  arising  in  three 
a  clavicular  portion  arising  from  the  front  of  the  clavicle  in  its  inner  1 
thirds  (Figs.  248,  p.  324,  and  243,  p.  319) ;  (2)  a  costo-sternal  portion, 

part  of  the  muscle,  arising  from  t! 
surface  of  the  pre-sternum  and  mt 
by  tendinous  fibres  decussating  wit 
the  opposite  muscle  (Fig.  246,  p. 
more  deeply  from  the  cartilages  of  1 
ribs;  (3)  an  abdominal  portion,  a 
separate  slip,  arising  from  the  a^K] 
the  obliquus  extenius  muscle.  The 
slip,  at  first  separate,  soon  merges 
costo-sternal  portion,  but  a  distini 
usually  remains  between  the  two  i 
parts  of  the  muscle.  The  fibres  conve 
the  upper  part  of  the  arm,  and  are 
blended  at  a  point  half  an  inch  froi 
sertion  into  the  humerua  The  muscL 
into  (1)  the  outer  border  of  th 
groove  of  the  humerus,  extending 
the  great  tuberosity,  and  blending 
with  the  insertion  of  the  deltoid, 
with  the  insertion  of  the  latissimus 
253,  p.  329) ;  (2)  from  the  upper  be 
insertion  a  membranous  band  exten 
to  the  capsule  of  the  shoulder-joint, 
at  the  same  time  the  tendon  of  the  1 
(3)  from  the  lower  border  a  band  of  f; 
downwards  to  join  the  fascia  of  the  a 
The  arrangement  of  the  fibres  of 
at  its  insertion  is  peculiar.  The  musci 
on  itself,  so  that  the  lower  (costo-ste 
are  directed  upwards  and  outwards 
upper  {clavicular)  part  of  the  muscle 
quence  the  clavicular  part  is  attac 
humerus  lower  down  than  the  cc 
portion,  and  is  inserted  also  into  the  i 
arm.  The  twisting  of  the  fibres  is  specially  found  in  the  lower  costo-st 
of  the  muscle  and  the  abdominal  fibres.  These  curve  upwards  behind 
costo-sternal  fibres,  and  are  inserted  highest  to  the  shaft  of  the  humerua 
form  the  fascial  expansion  which  extends  upwards  over  the  biceps  tei 
capsule  of  the  shoulder-joint.     In  this  way  a  bilaminar  tendon  is  prodi 


(itit<t!irtjcia> 


Fkj.  246.— MrscLK- Attachments  to  the 
Front  of  the  Sternvm. 
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ng  its  lower  bonier ;  and  eonsistiug  of  a  superficial  lamina  formed  by  the  upper 
ito-sternal  Hbres,  blending  for  the  most  part  with  the  tendon  of  the  clavicular 
rtion;  ami  a  deep  lamina,  com]M.)sed  of  the  twisted  lower  costo-sternal  and 
lominal  fibres.     The  disposition  of  the  muscular  fibres  at  their  insertions  is  the 


Thjlpfjtvs 


PRrToltAUii 
HAJOU  (dj^iiltil) 

ri.t.fORJltJB 
vrMoH  (4ivlilt.«il) 


FhJ.   "JIT.       AMKKinK    Ml-ll.KS  OK  THK  TlH  NK. 

a-"'!!  for  tb»'  ain»licatioii  of  th«*  trrin<  i>n,'tin  affn//r,is  lu  llio  (.'liiviunhir  ]H»rti(>n, 
j«l /"'/•/'<'  */fj't'ifnfH$  to  the  ri)st()-st«'rnjil  and  abdniniiial  ]>()rlions  uf  thi'  muscle. 

riac^d  su]iorliciaUy  on  the  cln'st  wnll,  llio  peuUn'alis  major  turnis  tli(i  front 
ill  of  tlu-  axilla,  and  by  its  lower  <»r  initer  bonltM-,  tlio  anterior  fold  of  tlio  s|»n('0. 
s  iipl^er  bordor  is  si'paratr'd  trom  the  vdii^e  of  the  <kdtf>id  muscle  by  an  interval 

which  li**  the  cq)balic  vein  :nid  Inimcral  art(M*y.  Its  deeii  surface  is  in 
iation  with   the  ribs  and  intcrc»)stal   muscles,  llm  costtJ-coracoul  i\\o.A\\\\Ta\\Vi  awvV 
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the  structures  piercing  it,  the  pectoralis  minor,  the  axillary  vessels,  and  the  uervei 
of  the  brachial  plexus. 

Stemalis  muscle. — The  atemaUs  is  an  occasional  muscle  placed,  when  present,  ]>arallel  to 
the  sternum  upon  the  stemo-coetal  origin  of  the  pectoralis  major.  It  has  attachments  whicb 
are  very  variable  both  above  and  below,  to  the  costal  cartilages,  sternum,  rectus  sheath,  stenio- 
mastoid,  and  ])ectorali8  major.  Its  nerve-supply  is  from  one  or  both  of  the  ant<.Tior  thonde 
nerves*     In  certain  rare  cases  it  has  been  said  to  be  inner^-ated  by  intercostal  nerves.    Iti 

f  resent  in  4*4  cases  out  of  100,  and  it  is  slightly  more  frequent  in  the  male  than  in  the  femak 
t  has  been  regarded  by  different  observers  as  (1)  a  vestige  of  the  panniculus  caniosus,  (2)  ft 
homologue  (;f  the  stenio- mastoid,  or  (3)  a  displaced  slip  of  the  pectoralis  major. 

Chondro-epitrochlearis,  dorso-epitrocUearis,  axillary  arches,  costo-coracoidens.~OBi  : 
or  other  of  the  above-nametl  slips  is  occasionally  present,  crossing  the  floor  of  the  axilla  in  the  ]! 
interval  between  the  latissimus  dorsi  and  the  pectoralis  major.  Tliey  take  origin  from  thecoetil  ■! 
cartilages,  ribs,  or  borders  of  the  pectorahs  major  {chondro-epitrochlearisj  axillary  arche*,  coito-  " 
coracoi(lens)y  or  from  the  border  of  the  latissimus  dorsi  (dorsO'epitrochUariSy  axillary  arches,  ca^  - 
coracoideus).  Their  insertion  is  variable.  The  chondro-epitrochUaris  and  dorso'epitrochl^arit  m  -, 
inserte^l  into  the  fascia  of  the  arm  on  the  inner  side,  the  internal  intermuscular  septum,  ortke  *] 
internal  condyle  of  the  humerus.  The  axillary  arches  are  inserted  into  the  border  of  the  pectonlk  [ 
major,  the  fascia  of  the  arm,  or  the  coraco-brachialis  or  biceps  muscle.  The  costo-caracmdeUi  ' 
arising  from  the  ribs  or  the  aponeurosis  of  the  obhquus  externus,  or  detaching  itself  from  iIk  ' 
border  of  the  pectoralis  major  or  latissimus  dorsi,  is  attached  to  the  coracoid  process,  alone  a  \ 
along  with  one  of  the  muscles  attached  to  that  bone.  These  variable  sHps  of  muscle  are  supplied 
by  the  internal  anterior  thoracic  nerve,  the  lesser  int<imal  cutaneous  nerve,  or  the  interooeto- 
humeraL 

The  pectoralis  minor  is  a  narrow,  flat,  triangular  muscle.  It  arises  from  (1) 
the  outer  surfaces  and  upper  borders  of  the  third,  fourth,  and  fifth  ribs  near  their 
anterior  ends,  and  (2)  from  the  fascia  covering  the  third  and  fourth  intercofitol 
spaces  tetween  these  ribs.  It  may  have  an  additional  origin  from  the  second  rib 
(Fig.  830,  p.  420) ;  and  that  from  the  fifth  rib  is  often  absent.  Directed  obliquely 
outwards  and  upwards,  it  is  inserted  by  a  short,  flat  tendon  into  the  outer  half  of 
the  -anterior  (inner)  border  and  upper  surface  of  the  coracoid  process  (Fig.  2^ 
p.  325),  and  usually  also  into  the  conjoint  origin  of  the  biceps  and  coraco-brachiJii 
It  is  wholly  concealed  by  the  pectoralis  major,  except  when  the  arm  is  raiflodi 
when  the  outer  border  of  the  muscle  becomes  superficial.  It  enters  into  tiie 
formation  of  the  front  wall  of  the  axilla,  and  gives  attachment  along  its  upper 
border  to  the  costo- coracoid  membrane.  It  crosses  the  axillary  vessels  and  the 
cords  of  the  brachial  plexus,  and  is  pierced  by  branches  of  the  anterior  thoracic 
nerves. 

Either  in  j)art  or  wholly  the  pectoralis  minor  may  pass  over  the  coracoid  process  of  the 
saipula,  8ej)arated  from  it  by  a  bursa,  to  he  inserted  into  the  coraco-acromial  ligament,  or  th* 
acromion  iiroct^^ss ;  or  piei-cing  the  coraco-acromial  ligament,  it  may  be  attached  to  the  capsule  o 
the  shoulclrr-joint  (coraco-humeral  ligament). 

Pectoralis  minimus. — This  is  a  slender  slip,  rarely  present,  which  extends  between  the  fii«3 
costal  cartilage  and  the  coracoid  process. 

The  snbclavius  muscle  arises  from  the  upper  surftice  of  the  first  costal  cartilage* 
in   front  of  the    costo  -  clavicular  ligament,  and  from  the  upper  surface  of  th^ 

Cornco-clavic-  Pectoralu*  m«^or  (origin) 

ular  ligament 
(trai)czoi(l) 


Trapezius 
(insertion) 

Fw.  248. — Muscle- Attachments  to  the  Ci^vicle  (Under  Surface). 

disUil  end  of  the  first  rib  (Fig.  330,  p.  420).  It  is  inserted  into  a  groove  in  the 
middle  third  of  the  under  surface  of  the  clavicle  (Fig.  248,  p.  324).  The  muscle 
is  invested  by  the  fascia  which  forms  the  costo-coracoid  membrane,  and  is  concealed 
by  the  clavicle  and  the  clavicular  origin  of  the  pectoralis  major. 
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Btemo-clavicnlaris  is  a  small  separate 
•ly  present^  extending  beneath  the  pector- 
>r  from  the  upper  part  of  the  sternum  to 
cle. 

serratns  magnos  (m.  serratus 
r)  is  a  large  curved  quadrilateral 
occupying  the  side  of  the  chest 
ler  wall  of  the  axilla.  It  arises  by 
slips  from  the  external  aspect  of 
•per  eight  and  occasionally  (as  in 
are)  from  nine  ribs.  The  first  slip 
nible  one,  arising  from  the  first  two 
id  the  fascia  covering  the  inter- 
space (Fig.  330,  p.  420).  The 
n  of  the  muscle  is  threefold.  (1) 
St  portion  of  the  muscle  (from  the 
ad  second  ribs)  is  directed  back- 
to  be  inserted  into  the  ventral 
of  the  upper  angle  of  the  scapula, 
e  next  three  slips  of  the  muscle 
he  second,  third,  and  fourth  ribs) 
erted  into  the  vertebral  border  of 
apula.  (3)  The  last  four  slips 
ihe  fifth,  sixth,  seventh,  and  eighth 
re  directed  obliquely  upwards  and 
rds,  to  be  inserted   on  the  ventral 


IVlt4)i(l  (origin) 

Dice  pi  Ahd  oonoo-tim^hfAlf^  (oHf^n) 
f  Fi%tomll«  mlrior  (Iniufrrirm) 


fiTV. 


.  250. — MrSCLK-ATTACHMKNTS   TO    TIIK    iS(  AITLA 

(Anterior  Aspect). 


Fio.  249.— Thb  Serratus  Magnus  Muscle. 


aspect  of  the  lower  angle  of  the 
scapula  (Fig.  250,  p.  325). 

The  external  surface  of  the 
muscle  is  partly  superficial  below 
the  axillary  space,  on  the  side 
wall  of  the  chest,  where  its 
slips  of  origin  are  seen  inter - 
digitating  with  those  of  the 
obhquus  externus  abdominis. 
Higher  up  it  forms  the  inner 
wall  of  the  axilla,  and  is  in 
contact  with  the  pectoral  muscles 
in  front  and  the  subscapularis 
behind.  Its  upper  border  ap- 
pears in  the  floor  of  the  pos- 
terior triangle,  and  over  it  tlie 
axillar}'  artery  and  the  cords 
of  the  brachial  ])lexus  pass  in 
their  course  through  the  aim])it. 
The  lower  border  is  oblique, 
nnd  is  in  contact  with  the 
latissimus  dorsi  muscle.  The 
deep  surface  of  the  muscle  is 
in  contact  with  the  chest  wall, 
80  that  the  serratus  maguus 
along  with  the  subscapularis 
muscle  separates  the  scapula 
from  the  ril)s.  The  muscle  may 
extend  higher  than  usual,  so 
as  to  be.  continuous  in  the  neck 
with  the  levator  augiili  scapulae. 
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Nbrvk-Supplt. 

The  nerves  supplying  the  muscles  connecting  the  upper  limb  to  the  trunk  are  given  in  t^ 
following  table : — 


MuBclet. 

Trapezius 

Latissimus  dorsi 

Levator  scapulae 

Rhomboidei 

Pectorales 

Subclavius 
Serratus  magnus 


Nerves. 


/  Spinal  accessory  nerve 
j  (Cervical  plexus 
I     Long  sul»capular 
I  Cervical  plexus 
I  Fosterior  scapular 

Posterior  scapular 
/  External  anterior  thoracic 
I  Internal        „  „ 

Brachial  plexus 

Posterior  thoracic 


Spinal  Cord 


c. 

6. 

7. 

a 

c. 

a 

4 

c. 

5. 

c. 

5. 

c. 

5. 

6. 

7. 

c. 

8. 

T. 

1. 

c. 

6. 

6. 

c. 

6. 

6. 

7. 

Actions. 

The  muscles  of  this  group  (together  with  the  stemo-cleido-mastoid  and  omohyoid  muscles)  id 
for  the  most  part  in  the  movements  of  the  shoulder  girdle  at  the  stemo-clavicular  and  acromio- 
clavicular joints.  At  the  former  joint  they  produce  the  various  movements  of  the  clavicle  on  Uw 
sternum,  and  cause  the  shoulder  to  move  in  an  arc  the  centre  of  which  is  the  stemo-cla\acularj<HDi 
At  the  acromio-clavicular  articulation  thev  produce  a  rotation  of  the  scapula  on  the  clavicle,  and  « 
consequent  alteration  in  the  direction  of  the  glenoid  fossa.  At  the  same  time  the  several  maseki 
are  agents  in  other  equally  important  movements,  when  the  shoulder  girdle  is  fixed  ;  movemenli 
of  the  head  and  neck  ;  movements  of  the  trunk  and  ribs ;  and,  in  aadition  in  the  case  of  tk 
pectoralis  major  and  latissimus  dorsi,  important  movements  of  the  arm  at  the  shoulder-joint 

1.  Movements  of  the  Shoulder  Qirdle. — The  action  of  this  group  of  muscles  on  the  shoulder 
girdle  (mainly  corresponding  to  movements  at  the  stemo-clavicular  joint)  may  be  expressed  in 
the  following  table  : — 


Movement  in  a  Vertical  Plane. 


b.  Movement  in  a  Horizontal  Plane. 


Elevation.  i 

Trapezius     (upper    | 

fibres) 
Levator  scapulae 
Rhomboidei 
Stemo-mastoid 
Omohyoid 


Depression. 

Trapezius      (lower 

fibres) 
Subclavius 
Pectoralis  minor 
Latissimus  dorsi 
Pectoralis      major 

(lower  fibres) 


Forwards. 

Serratus  magnus 
Pectoralis  major 
Pectoralis  minor 


Backwards. 

Trapezius 
Rhomboidei 
Latissimus  dorsi 


Rotation — a  combination  of  these 
musclea 


2.  Movements  of  the  scapula  on  the  clavicle  produce  an  alteration  of  the  direction  of  ih0 
glenoid  fossa  of  the  scapula,  and  are  accompanied  by  movements,  inwards  or  outwards,  forwaid^ 
or  backwards,  of  the  inferior  angle  of  the  scapula  Bv  the  combined  action  of  the  musdefl 
acting  upon  the  shoulder  girdle  a  rotatory  movement  of  the  scapula  at  the  acromio-clavicolir 
joint  is  effected,  by  which  the  relation  of  the  glenoid  fossa  to  the  head  of  the  humerus  is  preserved 
in  movements  of  the  arm. 

3.  In  forced  inspiration,  the  stemo-mastoid,  trapezius,  levator  scapulae,  rhomboidei,  sub- 
clavius, omohyoid,  serratus  magnus,  pectoral  muscles,  and  latissimus  dorsi,  acting  together,  laisa 
and  fix  the  shoulder  girdle ;  while  those  of  them  which  have  costal  attachment&---8ubclaviua. 
pectoral  muscles,  serratus  magnus,  and  latissimus  dorsi,  simultaneously  elevate  the  ribs  and 
expand  the  thorax. 

4.  Lateral  flexion  and  rotation  of  the  spine  in  the  neck  is  effected  partly  by  the  action  of 
the  trapezius*,  levator  scapulte,  and  rhomboid  muscles  (with  the  shoulder  fixed).  The  latissimus 
dorsi  and  pectoralis  major  act  in  climbing  in  a  similar  way,  raising  up  the  trunk  towards  the 
shoulder. 

5.  Action  on  the  Upper  Limb. — By  reason  of  their  insertion  into  the  humerus  the  pectoralis 
major  and  latissimus  dorsi  muscles  assist  the  movements  of  the  upper  limb.  Acting  together,  the 
two  muscles  depress  the  shoulder,  and  draw  the  arm  to  the  side  of  the  body,  at  tne  same  time 
rotating  the  humerus  inwards.  The  two  part«  of  the  j)ectoralis  major  have  slightlv  different 
actions  on  the  humerus.  The  clavicular  part  of  the  muscle  (portto  attollens)  draws  the  arm  in- 
wards and  upwards ;  the  costo-stemal  part  of  the  muscle  (portio  deprimens)  draws  it  inwards  and 
downwards.  The  latissimus  dorsi  acting  alone,  besides  rotating  the  limb,  draws  it  inwards  and 
backwards,  as  in  the  act  of  swimming. 
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The  deep  SBUMSia  covering  the  scapular  muscles  presents  no  feature  of  special 
ijxirtauce.  Attached  to  the  clavicle,  acromion,  and  scapular  spine,  it  is  thin  over 
e  deltoid  muscle.  Below  the  deltoid  it  is  thicker ;  it  encases  and  gives  origin  to 
e  infraspinatus  muscle,  and  is  continuous  with  the  fasciae  of  the  axilla  and  the 
fcck. 

Muscles. 

The  muscles  proper  to  the  shoulder  comprise  the  deltoid,  supraspinatus,  infra- 


LsTASom  Airavu  wc^wtiKM- 


Papular  apiiie  (cnt) 


Itoral  sicii pilar 


LnoRxin  iKt^. 


N«rve  t^)  term  minor 
Circiinifl(>i  ti«r?«  mud 
Htcry 

DliTO  I  u  (retltictfld 


Cutanoniin  branch 
of  circqiiilliB.i 


TRiCKPfl  {long  he»d) 
>iHuBcu1i?-aplral  nerve 


.Triceps  (aut*r  heatj) 

\  Ejctcrnnl  cnUn'wiisi  bmnches 
I  of  mujictila-iipimi  nerve 


B^Anmo-EtADiALiE 


ARjf  (common  ten < Inn) 


»pinatQ9,  teres  minor,  terea  major, 
I  ttd  gubscapiilaris-  Tht>j  sur- 
roufid,  and  along  with  other 
inujeJes,  act  on  the  shoulcler- 
joint 

The  deltoid,  a  coarsely  fasci- 
culated, multipennatf!  muscle, 
has  an  extensive  origin  from 
[I)  the  front  of  the  clavicle  in 
its  outer  third  (Figs.  248,  p, 
324,  and  243,  p.  319);  (2)  the 
outer  border  of  the  acromion 
proce&s;  (3)  the  lower  edge  of 
the  free  border  of  the  8])ine  of 
the  scapula  (Figs.  254,  p.  330,  and  250,  p.  325) ;  and  (4)  from  the  deep  fascia  cover- 
ing the  infraspinatus  muscle.  Its  origin  embraces  the  insertion  of  the  trajvzius. 
The  fibres  of  the  muscle  converge  to  the  outer  side  of  the  shaft  of  the  humerus,  to 
h  inserted  into  a  well-marked  V-shaped  impression  above  the  spiral  groove  (Figs. 
257  and  258,  p.  335).  The  insertion  is  partly  united  with  the  tendon  of  the 
pectoralis  major.   The  deltoid  is  8uj)erf]cial  in  its  whole  extent,  and  toTina  Wv^^xcyrcv- 
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inence  of  the  shoulder.  Its  anterior  border  is  separated  from  the  pectoraliis  maj 
by  a  narrow  interval,  in  which  the  cephalic  vein  and  liumeral  artery  are  placed.  B 
deep  surface  of  the  muscle  is  separated  by  a  bursa  from  the  capsule  of  the  shoulde 


Clavicle  (cot), 
Conu;i>e1av[eulfcr  UgAfn«n' 

PHCTOAALJli  UJN<>ft 

Coraco-icroniiftl 

Circfininoi  urt^try, 

ClnCDrntld^  nervtii 

0Rt.TOlD 

or  ftTCxn 


Pectoralia  lUJon 


Supnucapalfct-  nerve 


BlOtFS 


rcMt^rior  c^^rd  of  bnehial 
Hliort  Aubft^'apular  nerve 
Long  KabftCApular  nerve 
Lciwer  mbAmpalAr  nerve 

Dorsal  «f:«|»uUr  artery 

tiUflSCArULARlA 
Tl^ftKM  MAJOR 


.  LATiauMn  ooM 


Internal 
cutaneoa*  bnad 
of  mntcQlo-qtail 
nerve 


th  tcTiP%  (long  head) 

X^ma  Ut  Inner  head  ol 
trie«fjtR  (ulnar  GollatenI) 


joint  and  the  tendons  inaertec 
into  the  tuberoflities  of  tb( 
hiiitierua.  It  is  related  to  (1)  tin 
coracmd  process j  imsociated  witli 
which  are  the  eoraco  -  acromiil 
l]ga.ment,  and  the  attachments  oi 
the  pec  to  ml  is  minor,  the  coraoo- 
brachialis  and  the  sliort  head  ol 
tht^  biceps;  (2)  with  the  capsuk 
of  the  shoidder-joint  covering  tbc 
heati  of  the  hunurus,  associated 
with  which  are  the  long  head  of  th 
bicepSj  and  the  attachments  of  fcb 
flubficapularis,  stiprasfunatus,  infa 
spinatuB,  antl  t6rea  minor ;  and  (J 
with  the  tipper  part  of  the  extenn 
surface  of  the  shaft  of  the  humen 
associated  with  which  are  the  ci 
cum  flex  vessels  and  nerve.  Tl 
moat  anterior  part  of  the  delto 
muscle  is  formed  of  parallel  fibn 
not  uncommonly  separate  from  t 

F,G.    2.V2.-THE   POSTERIOR    WaLL   OF  THE   AXILLA    AND  THE     l^^    ^[  ^f    mUSClc    at    their    Orig 

Front  ok  the  Arm  (the  biceps  being  divided).  *rom  the  ClaVlCie.     These  fibres  mi 

be  continuous  with  the  trapezi 
over  the  clavicle.  The  most  posterior  part  arises  by  a  fascial  origin  from  the  spij 
of  the  scapula  and  the  fascia  over  the  infraspinatus  muscle.  These  portions  a 
attached  respectively  to  the  front  and  back  of  the  main  tendon  of  insertion.  Tl 
intermediate  fibres  are  multipennate,  attached  above  and  below  to  three  or  foi 


RRACQIA^LIM  ASTtCLTH 

Mutoulo-apifftl 


FUlAetTI&.BAl}U1.IH 

BiTEPfl  (ent>  — ^ 
EvTidcsnii  cAnn 

BADIALLit  M>!?aiOK 

Posterior  IntefdHMpui 

ttadiat  nenre  — w 

SuriNATO*  RADII  SAXVla  -^     ['V 
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SujpnutplnataH 
"(Itinprllon) 


1  Siif;jqi^ji|»nlari8 


^(miiL'it.iui>) 


ndons,  which  extend  for  a  \'ariable  distance  from  the  origin  and  insertion 
Luscle. 

snpraspinatos  arises  by  fleshy  iibres  from  the  supraspinous  fossa  (except 
?  neck  of  the  bone)  and  from  the  deep  fascia  over  it  (Fig.  254,  p.  330). 
reeled  outwards  under  the  acromion  process  and  coraco-acromial  ligament 
Lserted  by  a  broad  thick  tendon  into  the  uppermost  facet  on  the  great 
ty  of  the  humerus,  and 
capsule  of  the  shoulder- 

•  ig.  253,  p.  329).  p 

muscle  is  entirely  con- 

om  view  by  the  trapezius, 
omion  process,  and   tlie 

muscle.     It  covers  the 
the  scapula,  the  supra- 

•  vessels  and  nerves,  and 
er  surface  of  tlie  capsule 
lioulder-joint. 
infraspinatus  arises  from 
raspinous  fossa  of  the 
'excepting  near  the  neCk 
►one  and  the  flat  surface 
he  axillary  border)  and 
le  thick  fascia  over  it  iJ  \  M 
4,  p.  330).  The  fibres  of 
icle  converge  to  the  neck 
capula ;  and  are  inserted 
on  into  the  middle  facet 
great  tul^erosity  of  the 
fl,  and  into  the  capsule 
?hoiilder-joint  (Fig.  258, 

A  bursa  separates  the 

from    the  neck   of  tlie 

and  in   a   minority  of 

omniunicates    with    the 

I  cavity  of  the  shoulder- 

IL^^^B^^  limcrh  lci-r»d  iai  i'r 

upper  part  of  the  muscle  SI      M     (or«»?i>>) 

511  from  view  by  the  del- 
Its  lower  part  is  super- 
id  its  outer  border  is  in 

with    the   teres   mi  nor. 

i  insertion  it  crosses  the 

the    scapula   and    tlie 

f    the    capsule    of    the 

:-joint. 

teres  minor  is  a  small 
arising  by  Heshy  fibres 
.'■  upper  two- thirds  of  the 
ace  on  the  dorsal  aspect 
axillary    border    of  the 

and  from  fascial  se])ta 
njj:  it  from  the  infras]aiiatus  and  teres  major  muscles  (Fig.  254,  p.  330). 
ilongside  the  outer  border  of  the  infraspinatus,  it  is  inserted  under  cover 
leltoid  by  a  thick  flat  tendon  into  the  lowest  of  the  three  facets  on  the 
il>erosity  of  the  humerus  and  into  the  capsule  of  the  shoulder-joint,  and 
y  fibres  into  the  posterior  aspect  of  the  surgical  neck  and  shaft  of  the 
i,  below  the  tuberosity  for  about  an  inch  (Fig.  258,  p.  3.S5).  It  is 
d  from  the  teres  major  hy  the  scapular  head  of  the  tricei>s,  and  by  the 
r  circumflex  vessels  and  the  circumflex  nerve.     Its  origin  is  ^iei^d  b^ 


_  _  Conen-bmchialiM 


"(origin) 


l^jc tensor  carpi 
"iMh  I<iM|i»ior 

t  .'onijtjon  tt'iidon 
ffjr  rjttj^in  of 
_  [jiunnior  ra«lii 
f.  ^  :inU  rtexor 

liU|^*i.-l''M  of 


Coininoii  teiiilou  lor  oii^'in  of 
fxtensor  iniiwles  of  fon^ariii 
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^.^MP: 


IhU  4Ad  (origin) 


Tricflm  (nrigin  of 


Imni  1init4| ) 


T**rM  tiiltifir  <OTigin)  with 
^pTot  iluncql  ncapular 
■Ttery 


the  dorsal  scapular  artery.     The  muscle  is  invested  by  the  deip  fascia  encloa 
infras[)inatus,  and  is  sometimes  inseparable  from  that  muscle. 

Tlie  teres  major  is  much  larger  than  the  preceding  muscle.  It  arises  bj 
fibres  from  the  lower  third  of  the  flat  surface  on  the  dorsum  of  the  scapula  aJ 
axillary  border  (except  for  a  small  area  at  the  lower  angle),  and  from  fascial 
which  separate  it  on  the  one  side  from  the  subscapularis,  and  on  the  other  fr 
infraspinatus  and  teres  minor  (Fig.  254,  p.  330).  The  muscle  is  directec 
the  axillary  border  of  the  scapula  to  the  front  of  the  shaft  of  the  humerus, 
it  is  inserted  by  a  broad  flat  tendon  into  the  inner  border  of  the  bicipital 
internal  to  the  latissimus  dorsi  muscle  (Fig.  257,  p.  335).  Just  before  its  in 
it  is  closely  adherent  to  the  tendon  of  the  latissimus  dorsL 

The  teres  major  helps  to  form  the  posterior  wall  of  the  axilla.     It  liet 
the  subscapularis,  and  is  in  close  relation  with  the  latissimus  dorsi  muscle, 

conceals  its  origi 
teriorly,  winds  roi 
outer  border.and  pj 
separates  its  anterj 
face  from  the  a 
vessels  and  nerves 
muscle  forms  the 
boundary  of  a  lai 
angular  interval,  b 
ex  ternally  on  the  pc 
wall  of  the  axilla 
surgical  neck  o 
humerus,  and  abc 
the  borders  of  th 
scapularisand  teres 
muscles.  Tlie  lonj 
of  the  tricepspasses 
the  teres  major  ao 
divides  this  spac< 
two,  a  quadrilatera 
limited  by  the  trice 
surgical  neck  oi 
humerus  for  the  { 
of  the  circumflex 
and  posterior  circ 
vessels,  and  a  smal 
angular  space  boun 
the  triceps,  subscaj 
and  teres  major,  1 
dorsal  scapular  art 
The      subscap 

is  a  large  triangular  muscle  occupying  the  venter  of  the  scapula.  It 
by  fleshy  fibres  from  the  whole  of  the  subscapular  fossa  and  the  groove 
the  axillary  border,  excipting  the  surfaces  at  the  angles  of  the  bone  (Fi^ 
p.  325).  Springing  from  several .  ridges  in  the  fossa  are  septa  projectin 
the  substance  of  the  muscle,  which  increase  the  extent  of  its  attachment 
verging  to  the  head  of  the  humerus,  the  muscular  fibres  are  inserted  by  a  broad 
tenilon  into  the  lesser  tuberosity  of  the  humerus  and  into  the  capsule  of  the  she 
joint,  and  by  fleshy  fibres  into  the  surgical  neck  and  the  shaft  of  the  hi: 
])dow  the  tuberosity  for  about  an  inch,  under  cover  of  the  coraco-brachial 
short  head  of  the  biceps  (Fig.  257,  p.  335).  This  muscle  forms  the  greater  \ 
the  posterior  wall  of  the  axilla.  Its  inner  or  anterior  surface  is  in  contact  wi 
serratus  magnus  and  the  axillary  vassels  and  nerves.  Its  deep  surface  is  sep 
from  the  neck  of  the  scapula  by  a  bursa,  which  is  in  direct  communication  w: 
synovial  cavity  of  the  shoulder-joint.  Its  upper  border  passes  beneath  the  cc 
process ;  its  outer  border  is  separated  from  the  teres  major  by  the  posterior  c: 


Terei  nu^pt  (ailgin) 


UitlMltDiifl  «)ani  (origin) 
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flex  vessels  and  the  circumflex  nerve,  the  long  head  of  the  triceps  muscle,  and  the 
dorsal  scapular  artery. 

The  rabscapulariB  minor  is  an  occasional  muscle  situated  l)elow  the  capsule  of  the  shoulder- 

£mL    It  ariMS  from  the  axillary  border  of  the  scapula  below  the  subscapularis,  and  is  inserted 
to  the  capsule  of  the  joint  or  the  upper  part  of  the  shaft  of  the  humerus. 

Nerve -Supply. 

The  musdeB  of  this  group  are  all  supplied  by  the  fifth  and  sixth  cervical  nerves,  through 
Wtrrea  arisiug  from  posterior  trunks  of  the  brachial  plexus. 


Muscles. 

Deltoid  \ 

Teres  minor    / 
Supraspinatus) 
Infraspinatus  f 
Teres  major 
Subscapularis 


Nerves. 


Circumflex 

Suprascapular 

Lower  subscapular 

Lower  and  upper  subscapular 


Origin. 


y  C.  5.  6. 


Actions. 

The  principal  action  of  this  group  of  muscles  is  on  the  shoulder-joint     They  have  also 
Kcondary  actions  in  relation  to  movements  of  the  trunk  and  limbs. 


1.  Movements  at  the  Shoulder-Joint. 


Adduction. 


'       b.  Flexion  (Forwards).      '     Extension  (Backwards). 


I  Deltoid  I  Teres  major 

!  Sapraspinatiis      Teres  minor 

Pectoralis  major 
I  Latissimus  dorsi 

Coraco-brachialia         ' 
Biceps  (short  head)      i 
■  Triceps  (long  head) 
I  (Weight  of  limb)         !| 


'I 

ii  Deltoid  (anterior  fibres)  i  Deltoid  (posterior  fibres) 

jj  Subscapularis  .'  Teres  major 

1  Pectoralis  major  Infraspinatus 

Coraco-brachialis  LatissinuLs  dorni 

Biceps  Triceps 


I 


c.  Rotation  Outwards. 


Deltoid  (posterior  fibres) 

Infraspinatus 

Teres  minor 


Rotation  Inwards. 


Deltoid  (anterior  fibres) 
TeT•^^s  major 
Pect^)rali.s  major 
Latissimus  doivi 


d.  Circumduction — combinaticm  of  previous  musclfs. 


Tlie  various  movements  at  the  shoulder-joint  are  greatly  aided  by  the  must•l^^s  acting  on  the 
sLoulder  girrlle.  In  raising  the  arm  above  the  head,  lor  instance,  the  humerus  is  l)ruught  to  the 
horizontal  position  by  the  deltoid  and  su])ras|)inatus,  and  the  movement  is  continued  by  the 
flevators  of  the  shoulfler  ginlle.  Again,  in  tbrwanl  and  l)ack\var(l  UKn-enicnts  at  the  shoulder- 
joint,  gre.at  assistance  is  derived  from  muscles  acting  din-ctly  on  the  shoulder  girdhv-  pectoralis 
riiimjr  and  serratus  magnus  ;  trapezius  and  rhomboirlci. 

2.  In  relation  to  the  tmnl:  and  limbs,  the  shouhler  muscles,  ])y  fixing  the  Immerus,  have 
luxiliary  power  on  the  one  hand  in  movements  of  the  trunk,  such  as  forced  inspiration  ;  on  the 
jther   hand,  acting  along  with  muscles  fixing  the  ellw)w-joint,  they  stiffen   the  limb  so  as  to 
)4-rmit  of  the  more  refined  movement'*  of  the  wrist  and  fingei-s. 
23  n 
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fascia:  and  muscles  of  the  arm. 

FASCliE. 

The  superficial  fascia  presents  no  features  of  impoi*tance.  There  is  a 
beneath  it  over  the  olecranon  process,  and  occasionally  another  over  the 
condyle  of  the  humerus. 

The  deep  fascia  forms  a  strong  tubular  investment  for  the  muscles  on  thef 
and  back  of  the  humerus.  It  is  continuous  above  with  the  deep  fascia  of  1 
shoulder  and  axilla,  and  is  further  strengthened  by  fibres  derived  from  the  ii 
of  muscles  attached  to  the  upper  part  of  the  humerus,  viz.,  from  the  pectoralis  ] 
latissimus  dorsi,  and  deltoid.  At  the  elbow  it  becomes  continuous  with  the 
fascia  of  the  forearm,  and  gains  attachment  to  the  condyles  of  the  humerus 
the  olecranon  process  of  the  ulna;  it  is  strengthened  also  by  important  band^ 
associated  with  the  insertions  of  the  biceps  in  front  and  the  triceps  behind,  to  whieh^ 
reference  will  be  made  in  the  account  of  these  muscles. 

About  the  middle  of  the  upper  arm  in  front  of  the  inner  border,  the  deep  faaOK 
is  perforated  tor  the  passage  of  the  basilic  vein  and  the  internal  cutaneous  nerve. 

The  intermuscular  septa  are  processes  of  the  deep  fascia  attached  to  the 
sui)racondyloid  or  epicondylic  ridges  of  the  humerus.  The  internal  and  stronger 
septum  is  placed  between  the  brachialis  anticus  in  front  and  the  inner  head  of  the 
triceps  behind,  and  gives  origin  to  both.  It  extends  upwards  to  the  insertion  of 
the  coraco-brachialis  (which  is  often  continued  into  it),  and  the  ulnar  nerve  tnd 
inferior  profunda  vessels  pass  down  over  its  inner  edge.  The  external  septuiii 
thinner.  It  separates  the  brachialis  anticus  and  brachio-radialis  in  front  frai 
the  inner  and  outer  heads  of  the  triceps  behind,  and  gives  origin  to  these  muacleL 
It  extends  upwards  to  the  insertion  of  the  deltoid,  and  is  pierced  by  the  muaculo- 
spiral  nerve  and  superior  profunda  vessels. 

MUSCLES. 

The  coraco-brachialis  is  a  rudimentary  muscle  placed  on  the  front  and  inner 
aspect  of  the  arm.  It  arises  in  common  with  the  short  head  of  the  biceps  bm 
the  tip  of  the  coracoid  process  of  the  scapula  (Fig.  250,  p.  325),  and  is  common^ 
connected  at  its  origin  with  the  insertion  of  the  i)ectorali8  minor.  The  origin  of 
the  muscle  is  by  fleshy  fibres  attached  (1)  to  the  tip  of  the  coracoid  process  below 
and  internal  to  the  biceps  tendon,  and  (2)  to  the  tendon  of  the  biceps  itself.  He 
muscle  is  partially  subdivided  into  two  parts  by  the  musculo-cutaneous  nerve,  and 
ends  in  a  fiat  tendon  inserted  into  a  faint  linear  impression  about  an  inch  in  length 
on  the  middle  of  the  inner  border  of  the  shaft  of  the  humerus  (Fig.  257,  p.  335). 
It  is  often  continued  into  the  internal  intermuscular  septum. 

The  muscle  lies  on  the  inner  side  of  the  biceps,  and  is  concealed  at  first  by  the 
deltoid  and  ])ectoralis  major.  In  the  lower  part  of  its  extent  it  is  superficial,  and 
forms  a  swelling  teneath  the  skin  on  the  inner  side  of  the  arm  which  serves  aaa 
guide  to  the  axillary  and  brachial  arterits. 

The  coraco-brachialis  is  the  remains  of  a  threefold  miLscUy  of  which  only  two  elements  ar 
usually  present  in  man,  but  of  whidi  in  anomalous  cases  all  the  parts  may  be  more  or  less  full; 
(level()j>ed.  The  passage  of  the  musculo-cutaneous  nerve  througu  the  muscle  is  an  indication  < 
its  natural  sej)aration  into  two  ])art8,  wliich  re]>resent  the  persisUait  middle  and  inferior  element 
The  commonest  variety  is  one  m  which  the  more  8uj)erficial  (mferior)  j)art  of  the  muscle  extem 
fartlier  down  the  arm  than  usual,  so  as  to  be  inserted  into  the  intenial  intermuscular  septum,  or  ev< 
into  tlie  internal  condyle  of  the  humerus.  A  third  slip  (coraco-brachialis  superior  or  bwnri 
rotator  humeri)  may  more  rarely  be  i)re8ent,  forming  a  short  muscle  arising  from  the  root  oft! 
coracoid  process,  and  inserted  into  the  inner  side  of  the  liumerus  just  below  the  cajwule  of  tl 
shoulder-joint. 

The  biceps  (m.  biceps  brachii)  is  the  large  superficial  muscle  which  lies  on  tl 
front  of  the  upper  arm.  It  arises  by  two  tendinous  heads.  (1)  The  short  head  (capi 
breve)  is  attached  in  common  with  the  coraco-brachialis  to  the  tip  of  the  coraco 
pro(*ess  of  the  scapula  (Fig.  250,  p.  325).  Tendinous  at  first,  this  head  forms  a  sepa 
ate  fleshy  l)elly,  which  is  united  to  the  long  head  by  an  investment  of  the  deep  fasci 
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long  head  (caput  longum)  arises  by  a  round  tendon  from  the  supra-glenoid 
)n  at  the  root  of  the  coraeoid  process  and  irom  the  glenoid  Hgament  on 
dde.        Its    tendon 

the  cavity  of  the 
-joint,  and  emerging 
e  capsule  beneath 
averse  ligament  (in- 
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f  the  flexor  and  pro- 
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ipt  at  its  origin  and 
I  the  biceps  muscle 
[  superficially  on  the 

the  arm,  concealing 
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The  brachial  art-ery 
liiin  nerve  lie  along 

border.  The  origin 
iscle  is  deeply  placed 
Dver  of  the  deltoid 
ioralis  major.  The  tendon  of  insertion  in  the  hollow  of  the  elbow  lies 
the  end  of  the  brachial  and  the  beginning  of  the  radial  artery.  The 
fascia  separates  the  brachial  artery  from  the  median  ba»iUc  vem. 
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Tlio  biceps  is  an  exti-einely  vaiiable  luiiHcle.     lU^  cliief  anomalies  are  due  to  an  iniTettie 
(iiniinutiou  in  the  number  of  origins.     A  third  head  of  origin  m  common  (10  per  cent},  i 

usually  ariiiies  from  the  humerus,  between  i 
in8€'rti()ns  of  the  deltoid  and  coraco-brachii] 
Two  or  even  three  additional  head»  may 
])resent  at  the  same  time.  The  lous  htm 
the  muscle  ma}r  be  absent,  or  may  uS:e  orif 
from  the  bicipital  groove.  The  muscle  m 
have  an  additional  insertion  into  the  intvn 
condyle  of  the  humerus,  or  into  the  fawii 
the  forearm. 


The  brachialis  anticns  (m.  bract 
alis)  is  a  large  muscle  arifling  fro 
the  lower  two -thirds  of  the  front 
the  shaft  of  the  humerus,  and  fro 
the  inter- muscular  septum  on  eai 
side  (Figs.  257  and  258,  p.  33i 
Clasping  the  insertion  of  the  delto 
above,  it  ends  below  in  a  strong  tend< 
inserted  into  the  rough  inferior  surfa 
of  the  coronoid  process  of  the  ulna  ai 
into  the  anterior  surface  of  the  shaft* 
the  bone  immediately  below  (Fig.  26 
p.  343).  A  few  of  the  deep  fibres  ai 
inserted  into  the  anterior  ligament  ( 
the  elbow-joint.  The  outer  part  of  tl 
muscle  arising  from  the  external  ep 
condylic  ridge  and  external  intermm 
cular  septum  forms  a  slip  more  or  lei 
separate,  which  may  be  partially  fuse 
with  the  brachio-radialis  muscle. 

The  brachialis  anticus  is  almo! 
wholly  concealed  from  view  by  th 
biceps  in  front,  the  brachio-radiali 
externally,  and  the  brachial  vessels  ic 
ternally..  It  covers  the  elbow-joint,  an 
forms  part  of  the  floor  of  the  lioll<r 
of  the  elbow.  It  is  separated  from  th 
brachio-radialis  and  extensor  musck 
of  the  carpus  by  the  musculo -spir 
nerve. 

The  triceps  (m.  triceps  brachii) 
the  only  muscle  on  the  back  of  ll 
arm.  It  arises  by  three  heads:  an  out 
and  an  inner  head,  from  the  humeri 
and  a  middle  or  long  head  from  t 
scapula.  (1)  The  middle,  long  or  scapn 
head  (caput  longuui)  begins  as  a  stro 
tendon  attached  to  a  rough  triangu 
surface  on  the  axillary  border  of  1 
scapula  just  l)elow  the  glenoid  fo 
(Vip.  254,  p.  330,  and  250,  p.  32 
This  givt's  rise  to  a  fleshy  belly  wh 
(K?cupie8  the  miildle  of  the  back  of  i 
arm.  (2)  The  outer  head  (caput  latera 
is  attached  by  fibres,  partly  tendin< 
and  partly  fleshy,  to  the  curved  ou 
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border  of  the  humerus  from  the  insertion  of  the  teres  minor  above  to  the  muscu 
spiral  groove  below,  and  receives  additional  fibres  from  the  back  of  the  exter 
intermuscular  septum  (Fig.  258,  p.  335).     This  origin  is  tlnck  above  and  becor 
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r  below.  Its  fibres  are  directed  downwards  and  inwards  over  the  musculo-epiral 
re  and  the  inner  head  of  the  muscle  to  the  tendon  of  insertion  (3)  The  inner 
(caput  mediale)  arises  hj  fleshy  fibres  from  an  elongated  triangular  area  on  the 

of  the  humerus,  extending  upwards  to  the  level  of  the  insertion  of  the  teres 
T  on  the  inner  side,  and  downwards  nearly  to  the  margin  of  the  olecranon  fossa. 

258,  p.  335).     Externally  it  is  limited  above  by  the  musculo-spiral  groove ; 
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Fk;.  258. — Muscle- Attachments  to  the  Back 
of  the  Humerus. 


below  it  extends  dowuwardB  on  either  side  of  the  oiecraiKm  fossa  almost  to 
condyles  of  the  humerus.  It  also  arises  on  each  side  from  the  intermuscular 
i, — from  tlie  whole  length  of  the  internal  septum,  and  from  the  part  of  the 
rnal  septum  which  is  below  the  passaixe  of  the  musculo-spiral  nerve. 
The  three  heads  of  origin  are  inserted  by  a  common  tendon,  broad  and  membranous, 
an  impression  occupying  the  posterior  part  of  the  upper  end  of  the  olecranon 
3SS  of  the  ulna  (Fig.  271,  ]).  351),  and  into  the  deep  fascia  of  the  forearm 
ither  side  of  it.  The  long  and  outer  heads  join  the  borders  of  the  tendon  of 
23  6 
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insertion,  and  the  inner  head  is  attached  to  its  deep  surface.  A  small  thick-waBi 
bursa  separates  the  tendon  of  the  triceps  from  the  posterior  ligament  of  the  elboi 
joint  and  the  anterior  part  of  the  upper  end  of  the  olecranon  process. 

The  long  head  of  the  triceps  is  concealed  at  first  by  the  teres  major  and  ta 
minor,  and  by  the  deltoid  muscle.  Along  with  the  outer  head  it  conceals  the  muscol 
spiral  nerve  and  superior  y>rofunda  artery,  and  covers  the  inner  head  of  the  muaci 
The  inner  is  the  deep  head,  and  is  only  visi})le  at  the  lateral  borders  of  the  muse 

The  subanconeus  is  a  small  muscle  oa'asionally  present,  wliicb  consists  of  scattered  fill 
arising  from  the  lower  end  of  the  humerus  beneath  the  triceiw,  and  inserted  into  the  ]xstei 
ligament  of  the  elbow-joint. 

Nerve-Supply. 
The  following  nerves  8upi)ly  the  muscles  of  the  arm  : — 

Muscles.  Nerves.  Origin. 


Coraco-brachialis  \  i  (CI. 

Biceps                      -  .         .  .  j  Musculo-cutaneous     J  C.     5.  6. 

Braciiialis  anticusj  (C.     5.  6. 

Brachialis  antious                ^  :  p     .-v  g 

''oXheacl  -^  MuKculo-spiral         .{c.   (6)  i 

Middle  and  inner  heads   I  .     <.  . 


Actions. 

(1)  The  cliief  action  of  these  muscle-s  (excepting  the  eoraco-brachialis)  is  on  the  ellK>w-joi 
producing  along  with  other  muscles  flexion  and  extension.  The  flexor  muscles  are  much  mi 
powerful  than  the  extensors. 

Table  of  Muscles  acting  on  the  Elbow-Joint. 
Flezon.  Extensors.  i 


Biceiw  Tri<;eps  I 

Bracnialis  anticus  Anconeus  | 

Bi-acliio-radialis  Extensors  of  "WTist  and  fingers  (in  supination)   j 

Pronator  rivdii  teit*:* 
Flexors  of  \*Tist  and  fingere 
Exteiisoi-s  of  wrist  (in  j>ronation) 


(2)  The  coraco-brachialis  muscle  acts  only  on  the  slioulder-joint,  assisting  the  biceps  as 
adductor  and  flexor  of  the  humerus. 

(3)  Sabordinate  and  accessory  movements  are  performed  by  all  the  muscles  of  this  flrro 
except  the  brachialis  anticus.  The  biceps  supinates  the  forearm,  flexes  the  elbow,  and  witl  1 
aid  of  the  coraco-brachialis  adducts  and  flexes  the  humerus  at  the  shoulder-joint  The  trio 
through  its  scapular  head  adducts  and  extends  the  humerus,  besides  extending  the  ellx)w-joiii 

FASCIA   AND   MUSCLES   OF   THE   FOREARM   AND   HAND. 

FASCLE. 

The  superficial  fascia  in  the  forearm  presents  no  exceptional  features, 
the  dorsum  of  the  hand  it  is  loose  and  thin ;  in  the  palm  it  is  generally  y 
furnished  with  fat,  forming  pads  for  the  protection  of  the  vessels  and  nerves.     I 
closely  adherent  to  the  palmar  fascia  and  to  the  skin,  especially  along  the  lines 
flexure. 

Tlie  palmaris  brevis  is  a  quadrilateral  subcutaneous  muscle  occupying 
inner  side  of  the  hand  under  the  8ui)erficial  fascia.  It  arises  from  the  inner  bor 
of  the  thick  central  portion  of  the  palmar  fascia  and  from  the  front  of  the  antei 
annular  ligament  of  the  wrist,  and  is  inserted  into  the  skin  of  the  inner  bordei 
the  hand  for  a  variable  distance.  It  covers  the  ulnar  artery  and  nerve,  brano 
of  which  supply  it.     Its  action  is  to  wrinkle  the  skin  of  the  inner  border  of 
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Aa&i'T^ruii  t'oLLtci^ 


id,  and  by  raising  up  the  skin  and  superficial  fascia,  to  deepen  the  hollow  of 

hand. 

The  deep  Heuicia  of  the  forearm  and  hand  is  continuous  above  with  the  deep 

ia  of  the  arm.     At  the  upi)er  part  of  the  forearm  it  is  strengthened  by  additional 

53  around  the  elbow;    in  fi-ont  by  fibres  from  the  semilunar  fascia  of  the 

l>8.  behind  by  the  fascial  insertions  of  the  triceps,  and  laterally  by  fibres  derived 

1  the  humeral 

hi        .  1  Collateral  digital  brandies      Collati»ral  digital 
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1:1  ves  ongm 
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>  attached  to 

posterior 

ler  of  the  ulna 

the  whole 
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eased  attach- 
ittothefle.xor 
I  extensor 
^i  ulnaris  and 

flexor  pro- 
dus  digitorum 
scles.  Above 
)  wrist  the 
;ia  is   pierced 

eriorly  by  the  tendon  of  the  palmaris  longus,  and  by  the  ulnar  artery  and  nerv^e. 
the  wrist  it  gains  attachment  to  the  bones  of  the  forearm  and  carjnis,  is  greatly 
'Dgthened  })y  addition  of  transverse  fibres,  and  constitutes  the  annular  ligaments. 
The  anterior  annular  ligament  of  the  wrist  is  a  band  about  an  inch  and  a 
f  iu  depth,  continuous  above  and  below  with  the  deep  fascia  of  the  forearm  and 

|>alui  of  the  hand.  It  is  attached  to  the  scaphoid  and  trapezium  externally : 
the  pisiform  and  unciform  bones  internally ;  and  it  forms  a  membranous  arch 
ling  down  in  the  hollow  of  the  carpus  the  flexor  tendons  of  the  fingers  and  the 
lian  nerve.  It  is  divided  into  kvo  compartments y  the  larger  accommodating  the 
lous  of  tlie  flexors  of  the  digits  and  the  median  nerve,  the  smaller  (placed 
^nially)  containing  the  tendon  of  the  flexor  carpi  radialis.  There  are  three 
'vial  membranes  in  these  compartments:  one  for  the  flexor  carpi  radialis 
Ion,  and  two  others,  which  often  communicate  together,  enveloping  the  tendon 
he  flexor  longus  pollicis  and  the  flexor  tendons  of  the  fingers  respectively. 

surface  of  the  ligament  is  crossed  by  the  palmar  branches  of  the  median  and 
.r  nerves ;  by  the  tendon  of  the  palmaris  longus  muscle,  whicli  is  attaclied  to 
urface ;  and  by  the  ulnar  artery  and  nerve,  whicli  are  again  bridged  over  and 
ected  by  a  }>and  of  fibrous  tissue  passing  from  the  pisiform  bone  and  the 
rrtcial  fascia  to  the  surface  of  the  ligament.  To  the  lower  border  of  the 
uent  are  attached  the  palmar  fascia  in  the  centre,  and  the  superficial  muscles 
le  thumb  and  the  muscles  of  the  little  finger  on  each  side. 
The  posterior  annular  ligament  of  the  wrist  is  placed  at  a  higher  level 

the  previous  ligament.     It  consists  of  an  oblique  band  of  fibres  about  an 

broa^l,  continuous  above  and  below  with  the  deep  fascia  of  the  forearm  and 
l.  It  is  attached  externally  to  the  outer  side  of  the  lower  end  of  the  radius, 
internally  to  the  lower  end  of  the  ulna  (styloid  process),  the  carpus,  and  the 
Tial  lateral  ligament  of  the  wrist.     It  is  covered  by  veins,  ])y  the  radial  nerve, 
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and  by  the  dorsal  branch  of  the  ulnar  nerve.  Six  compartments  are  f( 
beneath  it  by  the  attachment  of  septal  bands  to  the  lower  ends  of  the  i 
and  ulna.  Each  compartment  is  provided  with  a  synovial  membrane,  and 
serve  to  transmit  the  extensor  tendons  of  the  wrist  and  fingers  in  the  foil 
order  from  without  inwards : — 

1.  Extensor  ossis  metacarpi  pollicis  and  extensor  brevis  pollicis. 

2.  Extensores  carpi  radiales,  longior  and  brevior. 

3.  Extensor  longus  pollicis. 

4.  Extensor  communis  digitorum  and  extensor  indicia. 

5.  Extensor  minimi  digiti. 

6.  Extensor  carpi  ulnaris. 


FlexcA  Vax^rv^v 

DmtTORUH 


Flexoh  vnnrr.j<t>D» 

DIOITOUl  M  TENTH.! SfiH 

Flbjl-ik  -irjiLiiilB 
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FiQ.  260.— The  Muscles  and  Tendons  in  the  Palm  of  the  Hand. 

The  thin  deep  fascia  of  the  dorsum  of  the  hand  is  lost  over  the  expanai 
the  extensor  tendons  on  the  fingers.  Between  the  metacarpal  bones  a  strong 
of  fascia  covers  and  gives  attachment  to  the  interossei  muscles. 

The  palmar  fascia  is  of  considerable  importance.  In  the  centre  of  the 
it  forms  a  thick  triangular  membrane,  the  apex  of  which  joins  the  lower  ei 
the  anterior  annular  ligament,  and  receives  the  insertion  of  the  tendon  < 
palmaris  longus  muscle.  The  fascia  separates  below  into  four  slips,  one  fo: 
finger,  connected  together  by  transverse  fibres,  forming  beneath  the  webs  i 
fingers  the  superficial  transverse  metacarpal  ligament.  Beyond  this  eacl 
separates  into  two  parts,  to  be  connected  to  the  sides  of  the  metaoarpo-phah 
joints  and  the  first  phalanx  of  the  inner  four  digits.  In  the  cleft  between  tt 
halves  of  each  slip  the  digital  sheath  is  attached  and  extends  downwards  on 
finger.     The  lateral  borders  of  this  triangular  central  portion  of  the  palmar 
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ontinuoas  with  thin  layers  of  deep  fascia,  which  cover  and  envelop  the  muscles 
e  thenar  and  hjpothenar  eminences.  The  inner  border  gives  origin  to  the 
aris  hrevis  muscle. 

lie  digital  sheaths  are  tubular  envelopes  extending  along  the  anterior  aspect 
3  digits  and  enclosing  the  flexor  tendons.  Each  consists  of  a  fibrous  slieath 
bed  to  the  lateral  borders  of  the  phalanges  and  inter-phalangeal  joints,  and 
tuious  above  with  the  palmar  fascia.  Opposite  each  inter-phalangeal 
tlation  the  digital  sheath  is  loose  and  thin ;  opposite  the  first  two  phalanges 
irst  only  in  the  case  of  the  thumb)  it  becomes  extremely  thick,  and  gives 

0  the  ligamenta  vaginalia,  which  serve  to  keep  the  tendons  closely  applied 
3  lx)nes  during  flexion  of  the  fingers.  Within  each  digital  sheath  are  the  flexor 
•ns.  enveloped  in  a  synovial  membrane  which  not  only  envelops  the  tendon, 
Iso  lines  the  interior  of  the  sheath.  The  synovial  membranes  of  the  digital 
hs  extend  a  short  distance  upwards  in  the  palm,  and  in  some  cases  com- 
cate  with  the  large  synovial  membranes  lining  the  flexor  tendons  beneath 
jinular  ligament.  There  may  be  a  separate  distinct  synovial  membrane  for 
digit ;  but  most  commonly  only  the  sheaths  for  the  three  middle  digits  have 
ate  synovial  membranes ;  those  for  the  flexor  longus  pollicis  and  for  the 
:  tendons  of  the  little  finger  communicate  usually  with  the  synovial  mem- 
3s  placed  beneath  the  anterior  annular  ligament. 

THE  MUSCLES  ON  THE  FRONT  AND  INNER  ASPECT  OF 
THE  FOREARM, 

lie  pronator  and  flexor  muscles  which  lie  on  the  front  of  the  forearm  occupy 
rent  levels,  and  are  divisible  into  two  main  groups,  superflcial  and  deep. 

Superficial  Muscles. 

Che  superflcial  muscles  form  the  prominence  on  the  front  and  inner  side  of 
forearm,  and  all  take  origin  in  whole  or  part  by  means  of  a  common  tendon 

1  the  internal  condyle  of  the  humerus.  The  group  comprises  five  muscles — 
ator  radii  teres,  flexor  carpi  radialis,  palmaris  longus,  flexor  carpi  ulnaris,  and 
>r  sublimis  digitorum. 

The  pronator  radii  teres  (m.  pronator  teres)  is  the  most  external  and  shortest 
cle  of  this  group.  It  has  a  double  origin:  (1)  a  superficial  head,  the  main  origin, 
ly  fleshy,  partly  tendinous,  from  the  lowest  part  of  the  internal  supracondyloid 
e  of  the  humerus  and  from  the  internal  intermuscular  septum,  from  the  internal 
lyle  of  the  humerus,  from  the  fascia  over  it,  and  from  an  intermuscular  septum 
reen  it  and  the  flexor  carpi  radialis  (Fig.  257,  p.  335);  (2)  a  deep  head,  a 
ier  tendinous  slip  from  the  inner  side  of  the  coronoid  process  of  the  ulna, 
h  joins  the  superficial  origin  of  the  muscle  on  its  deep  surface  (Fig.  264, 
^3).  The  median  nerve  separates  the  two  heads  from  one  another.  The  muscle 
irected  downwards  and  outwards  to  be  inserted  by  tendon  into  an  oval 
•ession  on  the  middle  of  the  outer  surface  of  the  shaft  of  the  radius  (Figs, 
p.  343,  and  271,  p.  351).  The  fibres  of  the  muscle  are  twisted  on  themselves, 
hat  the  highest  humeral  fibres  form  the  lowest  fibres  of  the  tendon  of 
tion,  and  the  lowest  humeral  fibres  and  those  arising  from  the  coronoid 
^ss  are  highest  at  the  insertion  of  tlie  muscle. 

lie  muscle  forms  the  inner  boundary  of  the  hollow  of  the  elbow.  It  is  super- 
ly  placed,  except  near  its  insertion,  where  it  is  covered  by  the  brachio- radialis 
;le  and  by  the  radial  vessels  and  nerve.  The  flexor  carpi  radialis  is  on  its  inner 
The  muscle  conceals  the  ulnar  and  radial  origins  of  the  flexor  sublimis 
oruni,  and  the  median  nerve  and  ulnar  artery,  which  are  separated  from  one 
lier  by  the  deep  head  of  origin. 

'he  flexor  carpi  radialis  muscle  takes  its  origin  from  tlie  common  tendon  from 
ntemal  condyle  of  the  humerus,  from  the  fascia  over  it,  and  from  the  inter- 
jular  septa  on  either  side.  Its  fleshy  belly  gives  pLice  to  a  strong  round 
jn  in  the  lower  half  of  the  forearm,  which,  at  tlie  wrist,  enters  the  \\awd  \x\  ^ 


340 


THE  MUSCULAR  SYSTEM. 


8|)ecial  compartment  beneath  the  anterior  annular  ligament,  and  after  occi 
the  groove  on  the  tra|)eziiim,  is  inBerted  into  the  upper  ends  of  the  secoi 
third  metacarpal  hones  on  their  anterior  surfaces.     The  chief  tendon  is  that 

second  metacarpal  bone 
M     A  1    2    3  B  4     5      c     D      rt  gives  off  a  small  slip 

inner  side  to  be  attae 
the  third  metacarpal 
Each  is  inserted  al 
quarter  of  an  inch  be] 
carpo- metacarpal  join 
267,  p.  346). 

The  flexor  carpi  ra( 
superficial  except  near 
sertion.  Its  fleshy  bell 
upper  half  of  the  forea 
between  the  pronato 
teres  and  the  palmaris 
and  conceals  the  flex 
limis  digitorum.  Its 
in  the  lower  half  of  tl 
arm  is  subcutaneous, 
outer  sideof  thepalmari 
tendon.  It  is  an  im 
guide  to  the  radial 
which  are  placed  in  the 
external  to  it.  Just  al 
wrist  it  crosses  obliqii 
tendon  of  the  flexor 
pollicis.  After  passing  1 
the  anterior  annular  li 
the  tendon  is  concealec 
origins  of  the  short  muscles  of  the  thumb,  and  is  crossed  from  within  outw 
the  tendon  of  the  flexor  longus  pollicis.  Besides  the  synovial  bursa  env 
the  tendon  beneath  the  annular  ligament,  another  is  found  beneath  the 
at  their  insertion. 

The  palmaris  long^is  arises  also  from  the  common  flexor  tendon,  fr 
internal  condyle  of  the  humerus,  from  the  fascia  over  it,  and  from  interm 
septa  on  either  side.  It  forms  a  short  fusiform  muscle,  which  ends  in  the 
of  the  forearm  in  a  long  flat  tendon.  This  pierces  the  deep  fascia  above  th 
and  passing  over  the  anterior  annular  ligament,  is  inserted  (1)  into  the  su 
the  anterior  annular  ligament,  and  (2)  into  the  apex  of  the  thick  central  po 
the  palmar  fascia.  A  tendinous  slip  is  frequently  sent  to  the  short  musclei 
thumb  and  the  fascia  covering  them. 

The  pahnaris  longus  is  the  smallest  muscle  of  the  forearm.  It  is  placed  1 
the  flexor  carpi  radialis  and  the  flexor  carpi  ulnaris,  and  upon  the  flexor  e 
digitorum.  In  the  lower  third  of  the  forearm  its  tendon  is  placed  directly  < 
median  nerve,  along  the  outer  border  of  the  tendons  of  the  flexor  sublimis  dig 

The  palmaris  longiis  is  the  most  variable  muscle  in  the  body,  and  is  often  absent  (10 

The  flexor  carpi  ulnaris  muscle  has  a  double  origin,  from  the  humerus  a 
the  ulna.  (1)  It  arises  from  the  common  tendon  attached  to  the  inner  condyl 
humerus,  from  the  fascia  over  it,  and  irom  an  intermuscular  septum  external 
Hy  means  of  the  deep  fascia  of  the  forearm  it  obtains  an  attachment  to  tl 
border  of  the  olecranon  process  and  the  posterior  border  of  the  ulna  in  i1 
three-fifths.  The  fleshy  fibres  join  a  tendon  which  lies  on  the  anterior  horde 
muscle  and  is  inserted  into  the  pisiform  bone.  From  the  pisiform  bone  tl 
are  continued  in  the  form  of  two  ligamentous  bands  (pisi-unciform  and  pi: 
carpal)  to  lie  attached  to  the  upper  margin,  of  the  hook  of  the  unciform  b< 
the  palmar  surface  of  the  upper  end  of  the  fifth  metacarpal  bone  (Fig.  267, 1 


Fig.  261.— Section  across  the  Fokearm  in  the  Middle 

Third. 
Proxatok    radii  tkrrs  (innertion):    B,   Flexor  carpi  radialis;    C. 
Flisxor  sublimis  dioitorum  ;  D,  Palmaris  u>nou8;  E,  Flexor  carpi 

ULNARIH  ;      F,      FlKXOR     PROFI'NDl-S    DIOITORUM  ;      G,     EXTENSOR     CARPI 

vlnarih;    H,   Extrnsor    loiku'S   pollicis;    I,   Extensor   communis 

DIOITORrH  AND  extensor  MINIMI  DIOITI  ;   J,  EXTENBOR  OM9I8  HRTACARPI 

poLLiciH ;  K,  Extensor  carpi  radialis  brevior  ;  L,  Extensor  carpi 
RADIALIS  LONoiDR ;  M,  Brachio-radialis.  a,  Radius ;  6,  Interoiweous 
inenibratie ;  c,  Ulna.  1,  Radial  nerve ;  2,  Radial  Arter}' ;  S,  Anterior 
interosseouH  arter>' ;  4.  Anterior  interosseous  nerve  (underneath  flexor 
longus  pollici:*) ;  5,  Median  nen-e ;  6,  Ulnar  artery  7,  Ulnar  nerve ;  8, 
Posterior  interosseous  artery  ;  9,  Posterior  Interosseoos  nerve. 
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Bndiiftl  artery 


Medlau  nerve 


\Jlnu.t  ner^'c 


Posterior  liit*fmftafi>u 

tlLTVJ' 


sSi-ijiiluiiar  fascia 
(re(lecUMl) 


OftlClNR  OK 

t^i'j':fc:KFiriAi.  muscles 


F)^SOK  CAKPI  ULKARIS 


Ibe  muscle  is  superficially  placed  along  the  inner  border  of  the  forearni. 
to  the  palmaris 
and  flexor  sublimis 
[tonun,  and  conceals  the 
or  profundus  digitorum 
The  ulnar  nerve 
ih  enters  the  forearm 
reen  the  two  heads  of 
of  the  muscle)  is 
by  it  in  its  whole 
^hngth.  The  ulnar  artery 
undercover  of  the  muscle 
-in  its  lower  two -thirds. 
The  tendon  of  the  muscle 
nrves  as  a  guide  to  the 
artery  in  the  lower  half 
of  the  forearm. 

The  flexor  sublimis 
digitoram  occupies  a  deeper 
pliiie  than  the  four  previous 
muscles.  It  has  a  threefold 
«i|in,  from  the  humerus, 
ndios,  and  ulna.  (1)  The 
chief  or  humeral  origin  is 
bom  the  internal  condyle 
of  the  humerus  by  the 
common  tendon,  from  the 
internal  lateral  ligament  of 
the  elbow,  and  from  ad- 
jacent inter-muscular  septa. 

(2)  The  ulnar  origin  is 
bj  a  slender  fasciculus  from 
the  inner  border  of  the  cor- 
onoid  process  of  the  ulna, 
above  and  internal  to  the 
origin  of  the  pronator  radii 
teres    (Fig.    264,    p.    343). 

(3)  The  radial  origin  is 
from  the  oblique  line  and 
middle  third  of  the  anterior 
lorder  of  the  radius  by  a 
thin  fibro-muscular  attach- 
ment (Fig.  264,  p.  343). 

The   muscle  divides    in 
the  lower  tliird  of  the  fore- 
arm  into   four  parts,   each 
provided    with    a    separate 
tendon    which    passes    be- 
neath the  anterior  annular 
ligament,  traverses  the  palm 
of  the  hand,  and  enters  the 
corresponding  digital  sheath. 
Within   the   digital  sheath 
each   tendon    is  split    into 
two  parts  by  the  tendon  of 
the    flexor   profundus  digi- 
torum ;     after    surrounding 

that  tendon  the  two  parts  are  partially  re-united  on  its  dri-\) 
after  partial  decussation,  in  two  portions  into  the-siclcis  of  t. 


It  lies 


BrAGHID'11AI>]AU^ 

£jLTMK90»  CAtll'J 
RADIAU8  liONQlOR 

BAltlALlfl  HftEVUm' 


EXT'ENSOR  D«8Jt4 

Itftdiat  &rt4^ry 


of  meiliiLi]  imtw 


IHnir  artery 
— — l)iivmi(in  of  ulnar  nerve 


U>'I'<JKKNS  I'OI.MCIrt 
AHUUCltlR  I'OI.MCIH 

KLitx^oK  nuKvi.s  roLLi(;i 
\Tehik»ns  ok  KLKXmK 

/hi.^I.1UI4  DKilToRl  M 


.  KI,KXf»R  ruii- 
J  KLMHS  I>u;[Ti»KrM 


262. — The  Muscles  and  Xkkves  on 

FoUKAUM    AND    IIaND. 

The  pronator  raiUi  tert.'^.  Ilixnr  vMv\ti  r.i'ii;ili."« 
have  Ummi  rt-UKAi.-.l. 


FlU>NT   OF   THK 


aii'l  palmaris  loiigus 


surface,  uiitl  aru  inserted, 
11!  wrond  ])halaux. 
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Tlie   vincula  accessoria  tendinum   form   additional   insertions   of  the 
They  consist  of  delicate  l>ands  of  connective  tissue  enveloped  in  synovial  memh 
and  are  known  as  the  ligamenta  longa  and  brevia.     The  ligamentum  breve 
triangular   band   of    fibres   containing    yellow   elastic   tissue   (ligamentum 
Havuni),  occupying  the  interval  between  the  tendon  and  the  digit  for  a  short  i 

close  to  the  insertion.     It  is  at 
to   the  front   of  the   inter-pl 
articulation  and  the  head  of  the 
phalanx.     The  ligamentum  lonj^ 
a  long  narrow  band  extending  from 
back  of  the  tendon  to  the  upper 
of   the   anterior   surface   of    the 
phalanx. 

The  flexor  sublimisdigitorum  mi 
is  partially  concealed  in  the  forearm 
the  pronator  radii  teres,  flexor 
radialis,  and  palmaiis  longus  m 
and  by  the  radial  vessels  and  n( 
It  conceals  the  flexor  profundus 
torum  and  flexor  longus  pollicis  mi 
the  median  nerve,  and  the  ulnar  artajouj 
Its  inner  lx)rder  is  in  contact  with 
flexor  carpi  ulnar  is,  and  in  the  iow^^ 
half  of  the  forearm  with  the  ulnar 
vessels  and  nerve.  The  median  nam 
emerges  at  its  outer  border  above  tlw 
wrist,  and  separates  the  muscle  from 
the  tendon  of  the  flexor  carpi  radialk. 
At  the  wTist  the  four  tendons  am 
arranged  in  pairs,  those  for  the  middb 
and  ring  fingers  in  front,  those  for  the 
fore  and  little  fingers  behind,  and  are  enveloped  in  a  synovial  sheath  (along  with 
the  tendons  of  the  flexor  profundus  digitorum)  beneath  the  anterior  annoltf 
ligament.  In  the  })alm  the  tendons  separate,  and  lying  beneath  the  superficial 
palmar  arch  conceal  the  tendons  of  the  deep  flexor  and  the  lumbrical  musclea 
Within  the  digital  sheaths  on  the  fingers  the  tendons  at  first  conceal  those  of  the 
deep  flexor;  after  lieing  pierced  by  them,  they  are  in  turn  concealed  by  these 
tendons  at  their  insertion. 


^m  breve 
WixxxoL  aiteLiMis  digitorum 
EK]ianjftiot)  of  extenHor  tendon 

FLimni  PROrOKDUB 

piaiTimrif 

Flturt  LTHBRICAL  MUSCLE 


rtlWT  tK>RRAL  IMTER- 
''*mEOV»  MI'HCLE 


I^T£»f^R  INDICIH  TKNDON 


E](TK|i»OR  rOMMI'NIH 
[iIOlTDhl'M  TKNDOK 


FiQ.  263.— The  Tkndons  attachkd  to  thb  Indkx 
Finger. 


Deep  Muscles. 


The  deep  musoles  on  the  front  of  the  forearm  are   three  in  number :  flexor 
profundus  digitorum,  flexor  longus  pollicis,  and  pronator  quadratus. 

The  flexor  proftmdns  digitorum  is  a  large  muscle  arising  from  the  ulna,  the 
interosseous  membrane,  and  the  deep  fascia  of  the  forearm.  Its  ulnar  ori;4in  is 
from  the  anterior  and  inner  surfaces  of  the  bone  in  its  upper  two-thirds,  extending 
up  m  as  to  include  the  inner  side  of  the  olecranon  process,  and  to  embrace  the 
insertion  of  the  brachialis  anticus  into  the  coronoid  process.  It  arises  externally 
from  the  inner  half  of  the  interosseous  membrane  in  its  middle  third  (Figs.  264, 
p.  343,  and  271,  p.  351),  and  internally  from  the  deep  fascia  of  the  forearm  liehind 
tlie  origin  of  the  flexor  carpi  ulnaris. 

The  muscle  forms  a  })road  thick  tendon  which  passes  l)eneath  the  anterior 
annular  ligament,  and  divides  in  the  palm  into  four  tendons  for  insertion  into  the 
terminal  phalanges  of  the  fingers.  The  tendon  asscx^iated  with  the  forefinger  is 
usually  sf»parate  from  the  rest  of  the  tendons  in  its  whole  length.  Each  tendon  enters 
a  digital  sheath  l>eneath  the  tendon  of  the  flexor  sublimis  digitorum,  which  it 
pierc&s  opposite  the  first  phalanx,  and  is  finally  inserted  into  the  base  of  the 
terminal  phalanx.      Like  the  tendons  of  the  flexor  sublimis,  those  of  the  deep^ 
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i^npiiuitor  niiJN  bn  vis 

(Dinar  liri^in) 


digtuirttttj  { rtuli»l  - 
Dfigiti) 


FlM^iir  HtiblimiK  <ligi- 
proTii  (ulnar  origin) 
njiHitor  nulli  terw 

(uJtjiir  origin) 

F1  ^!  \*  tv  IonKH8  p  *Ilicis 

CocGKjiional  ongin) 


BioapH  (insertion) 


Fli*iffiT  profundiiN 


LTB  provided  with  vincula  accessoria,  viz.  ligamenta  brevia  attached  to  the 
of  the  second  inter-phalangeal  articulation,  and  ligamenta   longa,  which 
this  ease  connected   to   the   tendons   of   the  subjacent   flexor  sublimis 
im. 

nbricaleB. — Four  small  cylindrical  muscles  are  associated  with  the  tendons 
flexor  profundus  digitorum  in  the  palm  of  the  hand.  The  two  outermost 
anse  each  by  a  single  head  from  the  radial  sides  of  the  tendons  of  the 
rofundus  digitorum  destined 
[vely  for  the  fore  and  middle 

The  two  innermost  muscles 
ich  by  two  heads,  from  the 
t  sides  of  the  second  and 
nd  third  and  fourth  tendons, 
hese  origins  the  muscles  are 
1  downwards  to  the  radial 

each  of  the  metacarpo- 
^1  joints,  to  be  inserted  into 
sules  of  these  articulations, 
;r  border  of  the  first  phalanx, 
iefly  into  the  outer  side  of 
ensor  tendon  on  the  dorsum 
phalanx.  The  lumbricales 
)nsiderably  in  number,  and 
B  increased  to  six  or  di- 
3d  to  two. 

the  forearm  the  flexor  pro- 
digitorum  is  concealed  by 
cor  sublimis  digitorum  and 
carpi  ulnaris  muscles,  and 
I  ulnar  nerve  and  artery, 
the  anterior  annular  liga- 
he  muscle  is  placed  beneath 
idons  of  the  flexor  sublimis 
im,  and  is  enveloped  in  the 
Q  bursal  siic.  In  the  jjalni 
idons,  along  with  the  lum- 
mscles,  cover  the  deep  palmar 
nd  the  interussei  muscles, 
e  concealed  by  the  tendons 
flexor  sublimis  dij^itorum. 
fin<^er  each  tendon  is  placed 
t  }>eneath,  and  afterwards  mtu*  (ituteriiorj) 
,  the  tendon  of  the  flexor 
8  dii^itorum  in  its  pissage 
1  the  digital  sheath.  The 
.•al  muscles  pas.sing  down- 
on  the  radial  side  of  the 
^xor  tendons  lie  beneatli  the 
vessels  and  nerves  on  their 
their  insertion. 

!  flexor  longus  pollicis  arises  l)y  fleshy  flbres  from  the  anterior  surl'ace  of 
ft  of  the  radius  in  its  middle  two-fourths,  and  from  a  corresponding  portion 
.nter<:)Sseous  membrane.  It  has  an  additional  origin  (X-Ciisionally  fron\  tlie 
K)rder  of  the  coronoid  ])rocess  of  the  ulna  (Fig.  264,  p.  84.'Vi.  Its  radial 
is  limited  above  by  the  oblique  line  and  the  oriijin  of  the  tiexcn*  sublimis 
iim,  and  below  by  the  insertion  of  the  pronator  quadratus  muscle.  The 
ends  above  the  wrist  in  a  tendon,  which  ])asses  into  the  hand  beneath  the 
r  annular  hgament,  enveloi)ed  in  a  si)ecial  synovial  sheath.  In  front  of  the 
it  crosses  over  the  tendon  oi  the  flexor  carpi  radialis.     In  the  palm  the 
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Common  okioi^  o*  I'linifAvr*!!  K^sh 


TenninatlfKi  olaituHSUlo^tipinit 

U]»nlf  iicrvc 

Alwtiitri  finrrf- 
Ui.NARORiois  ok  Fi.Htnn  Lnxnr*  fH.ii,t..rfiifi  - 

FlKJIoK  CAKrt  Ul.NAALll- 

RADiAt.  tiKjLitH  or  rt.fexoH_ 


Flrxor  moFiTitmiA  inanisfuvu 


tendon  is  directed  downwards  along  the  inner  side  of  the  thenar  eminence,  bei 

thetiexor  brevis  and  add 
muscles  of  the  thuui 
be  inserted  into  the  U 
the  terminal  phalan 
the  thumb  on  its  an 
surface. 

In  the  forearm  then 
Internal  int«rm«i«5ut«.  wiptiiiii-   i?-^'^^"^ I  V^41-^^  jg    deeply    placed    be; 

the  Hexor  sublimis  i 
orum  and  flexor  carpi  ra 
muscles.  The  radial  b 
lies  upon  it,  and  th< 
terior  interosseous  arter 
nerve  intervene  betwe 
and  the  flexor  profi 
digitorum.  It  crosses 
the  insertion  of  the 
nator  quadratus  nesir 
wrist. 

The  pronator  qnadi 
is    a    quadrilateral     1 
muscle,  occupying  the 
fourth   of  the  foreanu 
arises  from  the  lower  f< 
of  the  anterior   border 
surface    of    the    ulna 
frequently  from  the  ad 
ing  part  of  the  inner  su 
(Fig.   271,  p.   351),  ar 
directed     transversely 
wards   to   be    inserted 
the  lower  fourth  of  the 
terior  surface  of  the  ra 
and    into    the    narrow 
angular  area   on    its   i 
side  in  front  of  the  ati 
ment    of    the    interosi 
*^*^*""<**"^>  membrane    (Fig.    264, 
343). 

The  muscle  is  d< 
placed  beneath  the  1 
tendons,  the  radial 
ulnar  arteries,  and  the  i 
and  median  ner\'ea  It 
ceals  the  lower  part  o) 
interosseous  membrane 
radius  and  ulna,  and 
anterior  interosseous  a 
and  nerve,  which  past 
hind  its  upper  border, 
pronator  quadratus  is 
ject  to  considerable  v 
tious.  It  may  even  be  ah 
ur  it  may  have  an  c 
l)ones,  and  an  insertion  into  the  carpus. 


poi.Lifav  (rt^iublit)  I 
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SHORT  MUSCLES  OF  THE  HAND. 
Muscles  of  the  Thumb. 

The  short  muscles  of  the  thumb  are  six  in  numl)cr,  abductor,  opponens,  and 
Bxor  brevis  (with  its  deep  portion,  interosseuB  primuB  volaris),  and  two  adductor 
lUflcles,  adductor  obliquus,  and  adductor  transversus  poUicis. 

The  abductor  iK>llicis  (m.  abductor  pollicis  brevis)  arises  by  fleshy  fibres  from 
le  tubercle  of  the  scaphoid,  the  upper  part  of  the  'outer  surface  of  the  ridge  of  the 
empezium,  the  upper  part  of  the  anterior  surface  of  the  anterior  annular  ligament 
t  its  outer  end,  and  from  tendinous  slips  derived  from  the  insertions  of  the  palmaris 


Tnnifvene  iiaitU«ikr|nI. 


Aix>r<rrL»R  a'xv  flzxoh 


bnudi  of  ulnar  ncrve^ 


()ppQ!rE3ai  xiiaKi  Diam 
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Flexoh  c&bpl  trLM^nii 


iniiArii9rv& 
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Fio.  266.— Short  Muscles  of  the  Hand. 

longus  and  extensor  ossis  metacarpi  pollicis  muscles  (Fig.  267,  p.  346).  Strap- 
like in  form,  it  is  inserted  by  a  short  tendon  into  the  outer  side  of  the  first  phalanx 
of  the  thumb  at  its  upper  end,  and  into  the  capsule  of  the  metacarpo-phalangeal 
joint. 

It  is  the  most  superficial  muscle  of  the  thenar  eminence,  and  conceals  partially 
the  opijonens  and  the  superficial  portion  of  the  fiexor  brevis  pollicis. 

The  opponens  pollicis  arises  beneath  the  preceding  muscle  by  fleshy  and 
tendinous  fibres  from  the  lower  and  outer  part  of  the  anterior  surface  of  the 
anterior  annular  ligament  and  from  the  outer  surface  of  the  ridge  on  the  trapezium. 
Eitending  downwards  and  outwards,  it  is  inserted  into  the  whole  length  of  the  outer 
border  and  the  radial  half  of  the  palmar  surface  of  the  first  metacarpal  bone  (Fig. 
267,  p.  346).  The  muscle  is  superficial  along  the  outer  border  of  the  abductor 
pollicis. 

The  flexor  brevis  pollicis  consists  of  two  parts,  a.  The  superficial  2)art  of  the 
mu^le  arises  by  fleshy  and  tendinous  fibres  from  the  outer  half  or  two-thirds  of 
the  lower  border  of  the  anterior  annular  ligament,  and  sometimes  from  the'  ridge  of 
the  traj^ezium,  and  is  inserted  into  the  outer  side  of  the  base  of  the  first  plialanx  of 
the  thumb,  a  sesamoid  bone  being  present  in  the  tendon  of  insertion.  This  part  of 
the  muscle,  partly  concealed  by  the  abductor  j)ollicis,  is  superficial  in  the  interval 
between  that  muscle  and  the  tendon  of  the  flexor  longus  pollicis. 

h.  The  deep  part  of  the  muscle  (interosseus  primus  volaris)  arises  from  the 
ulnar  side  of  the  base  of  the  first  metacarpal  bone,  and  is  inserted  into  the  inner 
ude  of  the  base  of  the  first  phalanx  of  the  tluiml)  along  with  the  adductor 
)bli([uus  yjoUicis.  This  little  iriuscle  is  deeply  situated  in  the  first  interosseous 
ipjice,  in  the  interval  between  the  adductor  obliquus  pollicis  and  the  first  dorsal 
nterosseous  muscle.  It  may  be  regarded  as  homologous  with  the  palmar  interossei 
uuscles,  with  which  it  is  in  series. 
24 
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The  adductor  obliqnus  poUicis  arises  by  fleshy  fibres  from  the  anterior  i 
of  the  trapezium,  trapezoid,  and  os  magnum,  from  the  sheath  of  the  tendon  of  I 
flexor  carpi  raduilis,  from  the  basis  of  the  second,  third,  and  fourth  metacarpal! 
and  from  the  palmar  ligaments  connecting  these  bones  together  (Fig.  267,  pi  \ 
It  is  inserted  by  a  tendon,  in  which  a  sesamoid  bone  is  developed,  into  the  a 
side  of  the  base  of  the  first  phalanx  of  the  thumb.     At  its  outer  border  a  i " 
slip  separates  from  the  rest  of  the  muscle,  and  passing  obliquely  beneath  the  I 
of  the  flexor  longus  pollicis,  is  inserted  iuto  the  outer  side  of  the  base  of  the  J 
phalanx  along  with  the  superficial  part  of  the  flexor  brevis  pollicis. 

The  adductor  obliquus  pollicis  lies  on  the  ulnar  side  of  the  tendon  of  the  i 
longus  pollicis,  internal  to  the  thenar  eminence.     It  is  covered  by  the  flexor  tei 
of  the  thumb  and  fingers,  and  conceals  the  radial  artery  and  the  deep  part  of  I 
flexor  brevis  pollicis.     At  its  inner  border  the  radial  artery  (deep  palmar  aid 
appears  between  it  and  the  adductor  transversus  pollicis. 

The  adductor  transversus  pollicis  arises  by  fleshy  fibres  from  the  median  li^j 


Os  nutgnnm 

TimpezEun' 
Bxtenior  oitls.  mi^Uraqii 

Opponen*  pollldi  (insertion: 


Semilunar  bone 

VjJCiruTNl 
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First  dorsal  t&torDSAifuiis  luuselti 
(oDfi  origin) 


First  lAlinar  inieroeweonji  ninsrli 
Ctjrtgii] 


StH-'ortJ  -l-ir»ftS  lilt. 

mtiscle  (one  origin) 


Abduetor  mlniini  dJfciti  (origii) 

ple«oir  carps  tilnaH*  (insertion) 

Fiaor  braxti  tuifiimi  digiti 
(origin  J 

Flexor  carpi  aUiAris  (insertion) 
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Tliinl  jialmarlntv- 
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muscle  (one  origin) 


Fia.  267. — Muscle- Attachments  to  the  Palmar  Aspect  of  the  Carpus  and  Metacarpus. 


on  the  front  of  the  shaft  of  the  tliird  metacarpal  bone,  in  its  lower  two-thi 
(Fig.  267,  p.  346),  and  from  the  fascia  covering  the  interosseous  muscles  in  1 
second  and  third  spaces.  Triangular  in  form,  it  is  directed  outwards,  to 
inserted  by  tendon  into  the  inner  side  of  the  base  of  the  first  phalanx  of  i 
thumb  along  with  the  adductor  obHquus.  Lying  deeply  in  the  palm  beneath  ' 
flexor  tendons,  this  muscle  conceals  the  interossei  muscles  of  the  first  two  spa 
and  the  radialis  indicis  and  i)rinceps  pollicis  arteries.  Its  upper  border 
separated  from  the  adductor  obliquus  pollicis  by  the  radial  artery  (d 
palmar  arch). 

Muscles  of  the  Little  Finger. 

The  short  muscles  of  the  little  finger  are  three  in  number :  abductor,  oppone 
and  flexor  brevis  minimi  digiti 
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dnctor  minimi  digiti  (in.  abductor  digit!  quinti)  arises  from  the  front 
dde  of  the  pudform  bone  and  from  the  tendon  of  the  flexor  carpi  uhiariB 
mentous  continuations  (Fig.  267,  p.  346),  and  is  inserted  by  tendon  into 
side  of  the  base  of  the  first  phalanx  of  the  little  finger.  It  lies 
Y  upon  the  opponens  and  flexor  brevis  minimi  digiti. 
iponemi  miTiiini  digiti  (m.  opponens  digiti  quinti)  arises  by  tendinous 

the  lower  part  of  the  anterior  surface  and  from  the  lower  border  of  the 
nular  ligament  at  its  inner  end,  and  from  the  lower  border  and  inner  side 
)k  of  the  unciform  bone,  and  is  inserted  into  the  inner  margin  and 

of  the  palmar  surface  of  the  fifth  metacarpal  bone  in  its  lower 
hs  (Fig.  267,  p.  346). 

»ncealed  by  the  previous  muscle,  and  may  be  pierced  near  its  origin  for 
>  of  the  deep  branches  of  the  ulnar  artery  and  nerve. 
ixor  brevis  ^iTiimi  digiti  (m.  flexor  digiti  quinti  brevis)  arises  by 
fibres  from  the  inner  part  of  the  anterior  surface  of  the  anterior  annular 
nd  from  the  inner  side  of  the  hook  of  the  unciform  bone  (Fig.  267, 
i  is  inserted  along  with  the  abductor  into  the  inner  side  of  the  first 
the  little  finger. 

iiscle  is  placed  external  to  the  opponens  and  abductor,  and  is  separated 
itter  by  the  deep  branches  of  the  ulnar  artery  and  nerve.     It  may  be 

size,  absent  altogether,  or  incorporated  with  either  the  opponens  or 
linimi  digiti. 

The  Interosseous  Muscles. 

berosseous  muscles  of  the  hand  are  arranged  in  two  sets,  palmar  and 

blmax  interoBsei  (m.  interossei  volares)  are  three  in  number,  occupying 
inner  interosseous  spaces. 
8  by  a  single  head;  the 
he  ulnar  side  of  the  shaft 
>nd  metacarpal  bone;  the 
I  third  from  the  radial 
e  shafts  of  the  fourth  and 
:Mirpal  bones  respectively 
p.  346).  Each  ends  in  a 
ich  is  directed  downwards 
e  deep  transverse  meta- 
ment,  to  be  inserted  into 
expansion  of  the  extensor 
le  capsule  of  the  meta- 
langeal  articulation,  and 
the  first  phalanx  of  the 
i  first  is  inserted  into  the 
of  the  second  finger ;  the 
third  into  the  racUal  sides 
Ih  and  fifth  fingers.  The 
of  the  flexor  brevis 
iterosseus  primus  volaris) 
Ljarded  as  tlie  homologous 
the     first     interosseous 


Fig.  268. — The  Palmar  Interosseous  Muscles. 

P',  first ;  P^,  second  ;  and  P^  third  palmar   iut<;rosseou8 
muscles. 


rsal  interossei  are  four  in  number.  Eacli  arises  by  two  heads  from  the 
e  metacarpal  bones  bounding  each  interosseous  space  (Figs.  267,  p.  346, 
X  348).  Each  tbrnis  a  fleshy  mass,  ending  in  a  membranous  tendon, 
sing  downwards  behind  the  deep  transverse  metacarpal  ligament,  is 
ictly  like  the  palmar  muscles  into  the  dorsal  aspect  of  each  of  the  four 
he  insertion  of  the  first  dorsal  interosseous  muscle  is  into  the  radial 
I  index  finger ;  the  second  muscle  is  attached  to  the  radial  side  of  the 
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middle  finger ;  the  third  muscle  to  the  ulnar  side  of  the  same  finger ;  and  the  four 
muscle  to  the  ulnar  side  of  the  ring  finger. 

These  muscles  fill  up  the  interosseous  spaces ;  the  dorsal  interossei  are  viol 


Extensor  c«r^il  ulnarii  (liuenlati) 


Fourth  donuil  tiit«n>«flQ<MLi' 
niiucle  (origin) 
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X   br^vlor  (IiiAertSon) 
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Fini  donal  iaVet- 
o««Mmt  moiclc 

(OlIlllD) 


"XSeeoJ)U  donftl  JnleroateotH 
iniiicLe(orlglD) 


Fio.  269. — MrscLE- Attachments  to  the  Dorsal  Aspect  ok  the  Metacarpts. 

on  the  back  of  the  hand  when  the  extensor  tendons  are  removed ;  in  the  palm  t 
muscles  are  concealed  by  the  flexor  tendons  and  the  muscles  of  the  thumb  a 
little  finger,  and  are  crossed  by  the  deep  palmar  arch  and  the  deep  branch  of  t 
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Fig.  270.— Dorsal  Interosskous  Muscles  of  the  Hand  (seen  from  the  Palmar  Aspect). 

uhiar  nerve.  Between  the  two  heads  of  the  first  dorsal  muscle  the  radial  art 
enters  the  pahn,  and  the  perforating  arteries  pass  between  the  heads  of  the  ot 
dorsal  muscles. 

The  interossei  muscles  of  the  hand  in  some  cases  have  a  disposition  similai 
that  of  the  corresponding  muscles  of  the  foot. 
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THE  MUSCLES  ON  THE  BACK  OF  THE  FOREARM. 

* 

The  group  of  muscles  occupying  the  outer  side  of  the  elbow  and  the  back  of  the 
ioieann  and  hand  include  the  supinator  muscles  of  the  forearm  and  the  extensors 
d  the  wrist  and  digits.     They  are  divisible  into  a  superficial  and  a  deep  layer. 

Superficial  Muscles. 

The  superfloial  layer  comprises  seven  muscles,  viz.  from  without  inwards,  the 
bnchio-radialis,  -the  two  radial  extensors  of  the  carpus,  the  extensor  communis 
Kgitorum  and  extensor  minimi  digiti,  the  extensor  capri  ulnar  is,  and  the  anconeus. 

The  brachio-radialis  (supinator  radii  longus)  arises  by  fleshy  tibres  from  the 
anterior  aspect  of  the  upper  two-thirds  of  the  external  supra  condyloid  ridge  of 
Ihe  humerus,  and  from  tiie  front  of  the  external  intermuscular  septum  (Fi;^^  257, 
p.  335).  Occupying  the  outer  side  of  the  hollow  of  the  elbow,  the  muscle  descends 
llong  the  outer  border  of  the  forearm,  and  ends  about  the  middle  in  a  narrow  flat 
tendon  which  is  inserted  under  cover  of  the  tendons  of  the  extensor  osr^is  metacarpi 
poUicis  and  extensor  brevis  pollicis,  by  a  transverse  linear  attachment,  into  the 
apper  limit  of  the  groove  for  the  above-named  muscles  on  tie  outer  side  of  the 
lower  extremity  of  the  radius.  Some  of  its  fibres  gain  an  attachment  to  the  ridge 
in  front  of  the  groove,  and  others  spread  over  the  surface  of  the  groove  for  a 
Tariable  distance  (Figs.  271,  p.  351,  and  264,  p.  843). 

The  muscle  is  superficial  in  its  whole  length.  Near  its  origin  it  is  separated 
from  the  brachialis  anticus  by  the  musculo-spiral  nerve.  It  forms  the  outer 
boundary  of  the  hollow  of  the  elbow,  and  conceals  the  radial  extensors  of  the  carpus, 
and,  in  the  upper  two-thirds  of  the  forearm,  the  radial  artery  and  nerve. 

The  extensor  carpi  radialis  longior  (m.  ext.  carp.  rad.  longus)  arises  by  fleshy 
fihes  from  the  lower  third  of  the  external  supracondyloid  ridge  of  the  humerus 
OQits  anterior  aspect,  from  the  front  of  the  external  intermui^cular  septuuj,  and 
fiiDin  the  common  tendon  of  origin  of  succeeding  muscles,  which  is  attached  to  an 
impression  on  the  antero-external  surface  of  the  external  condyle  (Figs.  257, 
and  258,  p.  335).  It  ends  in  a  tendon  in  the  lower  half  of  the  forearm,  which 
passes  benciith  the  posterior  annular  ligament,  to  be  inserted  into  the  back  of  the 
kase  of  the  second  metacarpal  bone  on  its  radial  side  (Fig.  260,  p.  348). 

The  upper  part  of  the  muscle  is  concealed  by  the  l»rachio-radialis,  and  the  lower 
part  is  crossed  by  the  extensors  of  the  thumb.  It  covers  the  supinator  radii  brevis 
md  extensor  carpi  radialis  brevier  above,  and  the  back  of  the  radius  and  the  carpus 
)elow. 

The  extensor  carpi  radialis  brevior  (m.  ext.  carp.  rad.  brevis)  arises  from  the 
.'ommon  tendon,  from  the  external  lateral  ligament  of  the  elbow,  from  the  fascia 
Aer  it,  and  from  intermuscular  septa  on  each  side.  It  i>asaes  down  the  back  of 
:he  forearm  and  under  the  posterior  annular  ligament  in  close  relation  to  the 
previous  muscle,  to  be  inserted  by  a  tendon  into  tlie  back  of  the  base  of  the  third 
metacarjial  bone  l)elow  the  styloid  process  on  its  radial  side.  It  usually  has 
an  additional  insertion  into  the  back  of  the  base  of  the  second  metacarpal  bone 
(Fig.  260,  p.  348).  A  bursa  is  placed  beneath  the  two  radial  extensor  tendons 
duse  tn  their  insertion. 

Partially  concealed  by  the  extensor  ciirpi  radialis  lontrior  and  the  extensor 
iimscles  of  the  thumb,  and  having  the  extensor  communis  dij^itorum  on  its  inner 
fiide,  the  muscle  covers  the  supinator  ])revis,  the  lower  part  of  the  radius,  and  the 
)ack  of  the  carpus. 

The  extensor  communis  digitorum  arises  from  the  connnon  tendon,  Irom  the 
external  condyle,  from  the  fascia  over  it,  and  from  intiTmuscular  septa  on  each  side. 
''Ixtending  down  the  back  of  the  forearm  it  endsal  ove  the  wrist  in  four  tendons,  of 
vhich  the  out^Tmost  often  has  a  separatt^  flesliy  lu'lly.  After  passiii<^'  l)eneatli  the 
M)Sttrior  annular  ligament  in  a  coTHpartment  along  with  the  extensor  indicis,  the 
liiidons  separate  on  the  back  of  the  hand,  where  the  tlirtcj  inmaiunst  tendons  are 
)inod  together  by  two  oldiquely-placed  bands.  ()n<^  p-isses  downwards  and  out- 
ards,  and  connects  together  the  third  and  s<  cond  tendons;  the  other  is  a  broader 
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and  shorter  band,  which  passes  also  downwards  and  outwards,  and  joins  the  fc 
to  the  third  tendon.  In  some  cases  (Fig.  257)  a  third  band  is  present,  which  m 
downwards  and  inwards  Irom  the  first  to  the  second  tendon;  and  irequeiiufi 
tendon  for  the  little  finger  is  joiued  to  the  tendon  for  the  ring  finger,  and 
from  it  only  a  short  distance  above  the  lower  end  of  the  metacarpal  bone. 

The  tendons  are  inserted  in  the  following  manner :     On  the  finger  each 
spreads  out  so  as  to  form  a  membranous  expansion  over  the  knuckle  and  ODi 
back  of  the  first  phalanx.     The  border  of  the  tendon  is  indefinite  over  the 
carpo-phalangeal  articulation,  of  which  it  forms  the  posterior  ligament    Qbi 
back  of  the  first  phalanx  the  tendon  receives  laterally  the  insertions  of  the  inl 
and  lumbrical  muscles.     At  the  lower  end  of  the  first  phalanx  the  tendon 
into  ill -defined  median  and  lateral  slips,  proceeding  over  the  back  of  the 
inter-phalangeal  articulation,  of  which  they  form  the  posterior  ligament 
median  slip  is  inserted  into  the  back  of  the  base  of  the  second  phalanx,  whik  , 
two  lateral  pieces  become  united  to  form  a  membranous  tendon  on  the  backi 
the  second  phalanx,  which,  after  passing  over  the  second  inter-phalangeal  articil 
tion,  is  inserted  into  the  base  of  the  terminal  phalanx. 

The  extensor  communis  digitorum  is  superficial  in  its  whole  length,  and  Uei 
the  upper  part  of  the  forearm  between  the  ladial  extensors  of  the  carpus  external 
and  the  extensor  minimi  digiti  internally.  It  conceals  the  supinator  brevis  i 
other  deep  muscles  of  the  forearm,  as  well  as  the  posterior  interosseous  vessels  i 
nerves.  The  extensors  of  the  thumb  become  superficial  along  its  outer  border 
the  lower  third  of  the  forearm. 

The  extensor  wiinimi  digiti  (m.  extensor  digiti  quinti  proprius)  has  an  oil 
similar  to  and  closely  connected  with  that  of  the  preceding  muscle,  from  I 
common  tendon,  the  fascia  over  it,  and  lateral  intermuscular  septa.  Passing  do 
the  back  of  the  forearm  as  a  narrow  fleshy  slip,  between  the  extensor  conmiii 
digitorum  and  the  extensor  carpi  ulnaris,  it  ends  in  a  tendon  which  occupia 
groove  between  the  radius  and  ulna  in  a  special  compartment  of  the  postei 
annular  ligament.  On  the  back  of  the  hand  the  tendon,  usually  split  into  twopai 
lies  internal  to  the  tendons  of  the  extensor  communis  digitorum,  and  is  fina 
inserted  into  the  expansion  of  the  extensor  tendon  on  the  dorsum  of  the  fi 
phalanx  of  the  little  finger. 

The  extensor  carpi  nlnaris  has  a  double  origin :  (1)  from  the  common  tend 
from  the  external  condyle  of  the  humerus,  from  the  fascia  over  it,  and  from  1 
intermuscular  septa ;  and  (2)  through  the  medium  of  the  deep  fascia,  from  I 
posterior  border  of  the  ulna  in  its  middle  two -fourths.  The  muscle  ends  ii 
tendon  in  the  lower  third  of  the  forearm,  which  occupies  a  groove  on  the  back 
the  ulna  in  a  special  compartment  of  the  posterior  annular  ligament,  and  is  inaer 
into  the  ulnar  side  of  the  base  of  the  fifth  metacarpal  bone  (Fig.  269,  p.  348). 

The  muscle  is  superficially  placed  between  the  extensor  minimi  digiti  and 
anconeus,  external  to  the  posterior  border  of  the  ulna.     It  conceals  the  supins 
radii  brevis  and  the  posterior  interosseous  vessels  and  nerve  above,  and  in  the  la 
two-thirds  of  the  forearm  it  lies  upon  the  posterior  surface  of  the  ulna. 

The  anconeus  is  a  small  triangular  muscle  arising  by  a  separate  tendon  fi 
the  lower  part  of  the  back  of  the  external  condyle  of  the  humerus  (Fig.  5 
p.  335),  and  from  the  posterior  ligament  of  the  elbow-joint.  Spreading  out  c 
the  ulna,  it  is  inserted  by  fleshy  fibres  into  a  triangular  surface  on  the  outer  i 
of  the  olecranon  process  and  back  of  the  ulna,  as  low  down  as  the  oblique 
(Fig.  271,  p.  351).     It  is  also  inserted  into  the  fascia  which  covers  it. 

It  is  covered  by  the  thickened  fascia  of  the  forearm  giving  insertion  to 
triceps  muscle.  It  conceals  the  Imck  of  the  elbow-joint  and  part  of  the  origii 
the  supinator  brevis  muscle. 

The  epitrochleo-anconeuB  is  an  occasional  small  muscle  arising  from  the  back  of  the  intc 
condyle  of  the  humerus,  and  inserted  into  the  inner  side  of  the  olecranon  process.  It  coven 
ulnar  nerve  in  its  passage  to  the  forearuL 

Deep  Muscles. 
The  deep  muscles  on  the  back  of  the  forearm  comprise  Ave  muscles,  of  wl 
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Tiictp*  (iTisertJon) 


tinator  radii  brevis,  extends  between  the  ulna  and  radius ;  the  others 
B  of  the  thumb  and  forefinger :  the  extensor  ossis  metacarpi  pollicis, 
vis  and  extensor  longus  pollicis,  and  extensor  indicis. 
inator  radii  brevis  (m.  supinator)  muscle  has  a  complex  origin.    It 
hy  and  tendinous  fibres :  (1)  from  the  external  condyle  of  the  humerus ; 

external  lateral  and  orbicular  ligaments  of  the  elbow-joint ;  (3)  from 
ar  surfEu^  on  the  shaft  of  the  ulna  just  below  the  lesser  sigmoid  cavity ; 
a  the  fascia  over 
this   origin    the 
ids  outwards  and 

enveloping  the 
>t  the  radius,  and 
into  the  anterior 
rfacesof  thebone, 
ds  as  the  bicipital 

far  upwards  as 
ad  as  far  down- 
i  oblique  line  and 
a  of  the  pronator 

The  insertion  of 
n  some  cases  en- 
r  a  variable  dis- 

0  the  posterior 
,he  shaft  of  the 

1  the  origin  of  the 
is  metacarpi  pol- 
he  neck  and  the 
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cular  attachment 
p.  351,  and  264, 


AnootwUB  (In^Ttlopi 


SuplnitoT  radii  tirpvls, 
(ultuu- origin) 


inator  brevis  is 
ed,  and  is  un-, 
y  anteriorly  in 
if  the  elbow.  It 
)y  all  the  super- 
!S  on  the  back  of 
It  conceals  the 

elbow-joint  and 
irt  of  the  radius. 
T  border  is  the 
is  metacarpi  pol- 
eil  from  it  by  the 
/Crosseous  artery. 

is  di\nsible  into 
■ind  deep  parts 
ral  and  ulnar 
iveen  which  the 
terosseous  nerve 
»s  course  to   the 


(firieiii) 


Ext^^naor  Indicia 


Pronator  ntiiadrtitiiR 
(oripn)" 


Bic«|]q  (Iniiertion) 

Supinator  radii  brevis 
Umtertion) 


ExtiTttstir  fMsis  metacarpi 
ulliois  (origin) 


Pmnator  redil  teres 
(liisertloni) 


EnUDHur  brevis  pollici« 
(orisiii) 


Bnit-hlo-radialls 
iini<i."rtion) 
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nulJsil  extensors  of 

uariiiJH 

tiruovf*  for  extensor 

loQ^Tta  poUicis 


Groov*'  for  extonsor 
di<;itoruni  antl 


ininniiiH 
xtcnsor  iiulicis 


Fk!.  271.--Mi'sclk-Atta<hmknts  to  the  Radius  and  Ulna 
(Posterior  Aspects). 


forearm. 

insor  ossis  metacarpi  poUicis  (m.  abductor  pollicis  longus)  arises  by 
below  the  supinator  brevis  from  tlie  posterior  or  exten.sor  surfaces  of 
the  radius  and  ulna ;  from  the  u])pernio.st  of  the  narrow  impressions  on 
ilf  of  the  posterior  surface  of  the  ulna  ;  from  the  middle  third  of 
r  surface  of  the  radius;  and  from  the  intervening  portion  of  the 
membrane  (Fig.  271,  p.  H51).  Becoming  8ux)erficial  in  tlie  lower  part 
rm  along  with  the  extensor  brevis  pollicis,  its  tendon  passes  with  that 
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of  hmrirru^ 


TKlOEPl 


Flexor  iTAVLVi 


ExTEXiimijAiin 


muscle  beneath  the  posterior  annular  ligament,  to  be  inserted  into  the  outer 
the  base  of  the  first  metacarpal  bone  (tig.  267,  p.  346).     From  the  tendon  < 

its  insertion  a  ten 
slip  passes  to  t 
ductor  poUicis  ai 
fascia  over  the 
eminence,  and  ano 
frequently  attach 
the  trapezium. 

At  its  origij 
muscle  is  deeply 
beneath  the  sup 
extensor  muscles  a 
posterior  inte 
ous  vessels  and 
Above  is  the  su] 
brevis ;  below  and 
nally,  the  long  an( 
extensors  of  the  1 
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essentially  human  r 
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the  previous  muscl 
arises  from  a  rhc 
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the  middle  of  the 
to  within  an  inch 
half  of  the  lowe: 
and  from  the  interc 
membrane,  below  t 
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pollicis  (Fig.  271 
351).  It  is  close 
herent  to  that  i 
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neath  the  pos 
annular  ligamenl 
over  the  radial  an 
the  thumb.    Its  tei 
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Fk;.  272.— The  Ml'mcle.s  ok  the  Back  of  the  Forearm 
suiHjrficial  muscles  being  reflected). 


(the 


then  continued  along  the  back  of  the  first  metacarpal  bone,  and  the  met« 
phalangeal  articulation,  to  be  inserted  into  the  back  of  the  base  of  the  first  pi 
of  the  thumb.     Before  reaching  its  insertion  the  tendon  helps  to  form  the  c 
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the  metacarpo-phalangeal  joint.  lu  the  forearm  the  muscle  is  deeply  placed 
leath  the  superficial  extensors,  and  is  separated  from  the  extensor  longus  poUicis 
the  posterior  interosseous  nerve. 

The  ertenBor  longus  pollicis  (extensor  secundi  internodii  pollicis)  arises  from 
)  intermediate  impression  occupying  the  outer  part  of  the  posterior  or  extensor 
rfaoe  of  the  ulna  in  its  middle  third,  and  from  the  interosseous  membrane,  below 
)  extensor  ossis  metacarpi  poUiois  (Fig.  271,  p.  351).  Its  teudon  grooves  the 
zV  of  the  radius,  and  occupies  a  special  compartment  beneath  the  posterior 
Dular  ligament.  Extending  obliquely  across  the  back  of  the  hand,  it  is  inserted 
4)  the  dorsal  surface  of  the  base  of  the  second  phalanx  of  the  thumb. 

The  muscle  is  deeply  placed  beneath  the  superficial  extensors  of  the  forearm, 
1  lies  between  the  extensor  brevis  pollicis  and  the  extensor  indicia.  It  separates 
J  posterior  interosseous  artery  from  the  nerve,  the  latter  passing  beneath  it.  On 
i  back  of  the  hand  the  tendon  crosses  the  radial  artery,  and  helps  to  form  the 
»ule  of  the  first  metacarpo-phalangeal  articulation. 

At  the  wrist  the  tendons  of  the  muscles  of  the  thumb,  the  extensor  ossis  meta- 
pi  pollicis  and  extensor  brevis  pollicis  externally,  and  the  extensor  longus 
llicis  internally,  bound  a  hollow  (the  "  anatomical  snuff-  box ")  best  seen  in 
beosion  and  abduction  of  the  thumb,  which  corresponds  to  the  position  of  the 
lial  artery  as  it  winds  round  the  wrist  to  reach  the  palm  of  the  hand. 

The  extensor  indids  (m.  extensor  indicis  proprius)  arises  by  fleshy  fibres  below 
)  extensor  longus  pollicis  from  the  lowest  impression  on  the  back  of  the  ulna, 
;ending  down  from  the  middle  of  the  shaft  to  within  two  inches  of  its  lower  end, 
1  sometimes  also  from  the  interosseous  membrane  (Fig.  271,  p.  351).  Its  tendon 
ses  through  a  compartment  of  the  posterior  annular  ligament  along  with  the 
idons  of  the  extensor  communis  digitorum,  and  is  inserted  into  the  forefinger 
ning  the  membranous  expansion  of  the  tendon  of  the  extensor  communis 
{itorum  on  the  dorsum  of  the  first  phalanx. 

Lying  deeply  in  the  forearm,  the  muscle  is  placed  internal  to  the  extensor 
»gU8  pollicis,  and  covers  the  posterior  interosseous  nerve.  On  the  back  of  the 
nd  its  tendon  lies  on  the  inner  side  of  the  tendon  of  the  common  extensor 
stined  for  the  forefinger. 

Nerve-Supply. 

Four  nerves  are  engaged  in  supplying  the  nuiscles  of  the  forearm  and  hand — the  median  and 
lar  on  the  front,  the  musculo-spiral  and  poBterior  intei'Odscous  nerves  on  the  back  of  the 

I 
Muscles.  Nerves.  j  Origin. 


C.  G. 


A.  Anterior  Muscles  of  the  Forearm.  | 
Pronator  radii  teres  ^ 
Flexor  carpi  radial  is  \f_i:„ 

Flexor  siiblimis  di^torum  J 

Flexor  carpi  ulnaris Ulnar    .        .        .        .     '       C.  8.  T.  1. 

Flexor  profundus  digitorun.       .        •      {"^ZMnS^^^  g  t!  Jt.- 1. 

EiT^Sn       •        •         •:       Anterior  int...s.o«s     .     ,       C.  7.  8.  T.  1. 

B.  Muscles  of  the  Hand.  '  j 

AMuctor  jwUicis  \  ■ 

Onponens  pollicis  [►    .  i      Median  .  .     '       C.  6.  7. 

Flexor  brevis  pollicis  (superficial)  I  I 

Flexor  brevis  pollicis  (deep)   1  I 

Adductor  obliquus  pollicis      \   .  Ulnar     .        .        .        .     i       C.  8.  (T.  1). 

Adductor  transversus  pollicis  j  i 

Lumbricales  1st  and  2nd     .  Mirrlian  .        .  .     '       C.  f).  7. 

Luiiibricjiles  3rd  and  4th 

Intert>S!>ei 

Fltixor  brevis  minimi  digiti 

Opponens  minimi  digiti 

AWuotor  minimi  digiti 

25 


I 
I 
Ulnar     .        .        .        .     |       C.  8.  (T.  1). 


354 


THE  MUSCULAE  SYSTEM. 


MnscleB. 


C.  Posterior  Muscles  of  the  Forearm. 

Bracliio-radialis  "\ 

Extensor  carpi  radialis  longior   j        *  , 
Exienr*or  carpi  radialis  brevior  \ 

Extensor  communis  di^torum  [ 

ExteiLSf^r  minimi  digiti  i 

Extensor  carpi  iihiaris  J 

Anconeus , 

Supinator  radii  brevis 
Extensor  ossis  metacarpi  pollicis 
Extensor  brevis  iK)llicis 
Extensor  longiis  pollicis 
Extensor  indicis 


Nervos. 


Musculo-spiral 

Posterior  interosseous 
(mu8culo-8i)iral) 

Musculo-spiral 


Posterior  interosseous 


Origin. 


C.  5.  a 

C.  a7. 

c.  a  7. 

c.  a  7.  a 


a 


c.  a  7.  a 


Action  of  the  Muscles  op  the  Forearm  and  Hand. 

The  muscles  of  the  forearm  and  hand  are  concerned  in  the  movements  of  the  elbow,  wrist, i 
fingers. 

In  the  majority  of  ca.ses  the  muscles  act  upon  more  than  one  joint 

1.  Action  on  the  Elbow- Joint. — It  has  been  shown  already  that  flexion  and  exteu 
of  the  ell)ow  are  assisted  by  certain  of  tVese  muscles.  The  flexor  muscles  are  the  proDi 
nidii  teres,  and  the  flexor  muscles  of  the  wrist  and  fingers.  In  the  position  of  pronation, 
movement  of  flexion  is  aided  by  the  brachio-radialis  and  extensors  of  the  ^Tist  and  fingers.  1 
extensors  are  the  supinator  brevis  and  anconeus,  and  the  extensor  muscles  of  the  wrist  and  fiiigi 

2.  Pronation  and  supination  of  the  hand  are  performed  by  special  muscles,  aided  by  moM 
which  act  also  u])on  other  joints.  The  brachio-radialis  assists  in  flexion  and  pronation  on  the  < 
hand,  and  in  extension  and  supination  on  the  other  hand.  In  the  suniue  |)06ition  it  aflsi 
pronation,  and  in  the  prone  jxisition  it  assists  supination,  in  each  case  Dringing  the  hand  ii 
the  jiosition  intermediate;  between  pronation  and  supination. 


Pronation. 

Pronator  radii  teres 
Pi-onator  quadratus 
Brachio-nwlialis 
Flexor  carj>i  i-adialis 
Weight  of  the  limb 


Supination. 

Supinator  radii  brevis 

Biceps 

Brachio-radialis 

Extensors  of  thumb  and  fingers 

Weight  of  the  limb 


3.  Action  on  the  Wrist-Joint. — The  movements  at  the  wrist-joint  are  flexion  and  exteiwio 
abduction  and  {idduction.  Flexion  and  adduction  are  much  more  extensive  movements  thi 
exte^nsion  and  abduction,  on  account  of  the  form  of  the  wrist-joint  The  following  muscles  pr 
duce  these  movements  : — 


Flexion. 


Extension. 


Flexor  oari)i  ra<lialis 
Pal  maris  longus 
Flexor  carj>i  ulnaris 
Long    flexors   of 
thuml)  and  tinf'^'i's 


Extensors  of  the  wrist 
Extensors    of    thumb 
and  fingers 


Adduction. 


I 


Abduction. 


Flexor  carjn  ulnaris 
Extensor  car]>i  ulnaris 


Flexor  carpi  radialii 
Extensors  of  wrist 
Extensors  of  thumb 


I 


4.  Movements  of  the  Fingers. — Two  sej)arate  series  of  movements  occur  in  relation  to  1 

articulations  of  the  Angel's:  flexion  and  extension  (at  the  metacarpo-idialangeal  and  int 
])halangeal  joints),  and  alKluction  and  adduction  (onlv  at  the  metacarpo-pnalangeal  joints).  1 
movements  and  the  muscles  C(mcerned  are  given  in  the  following  tables  : — 


Flexion. 

Flexor  sulilimis  dii^itorum 
Flexor  profundus  (ligitorum 
Lumbricales    \(artin(j  on   the  metacarpo- 
Inten)ssei        /  phaUnifieal  articulations) 
Flexor  brevis  minimi  <iigiti 


Extension. 


Extensor  c/)mmunis  digitoruni 

Extensor  indicis 

Extensor  minimi  digiti 

Lumbricales  \{actin(j  on  the  inter -phal- 

Interossei        )   anyeal  arliculatiam) 
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Abduction.  j  Adduction. 

I 


Lnmbricalee  ^ 

Flexor  breria  and  I  (from  the  inner  side 

Opjtonens  minimi  |     of  the  hand) 


digiti 
Dorsal  int€ro88(*i  -j     line  of  the  middle  ,  Palmar  iuterossei  {     of    the     middle 


((from     the     middle  i                                 /  (to  the  middle  line 
"^  ■         ■  ii     of 


finger)  [     finger) 


Flexion  is  more  powerful  and  complete  than  extension  of  the  fingers.  The  flexor  profundus 
git(tnim  alone  acts  on  the  terminal  phalanges ;  the  flexor  sublimis  and  flexor  profundus  together 
a  the  proximal  inter-phalangeal  joint ;  and  flexion  of  the  metacaruo-phalangeal  articulation  is 
fected  by  these  muscles,  assisted  by  the  interossei,  lumbricales,  ana  flexor  brevis  minimi  digiti. 
Ktension  of  the  phalanges  is  effected  by  the  united  action  of  the  extensors  of  the  digits,  the 
iSeroaeei  and  lumbricales ;  extension  of  the  fingers  at  the  metacarpo-phalangeal  joints  is  produced 
Wy  by  the  long  extensor  muscles.  Separate  extension  of  the  index  finger  only  is  i)ossil>le  ;  the 
kiM  inner  fingers  can  only  be  flexed  and  extended  together,  on  account  of  the  coimecting  bands 
BUDff  the  extensor  tendons  together  on  the  back  of  the  hand. 

5.  jfovementB  of  the  Thumb. — The  movements  of  which  the  thumb  is  ca|mble  are  flexion 
ad  extension  (occurring  at  the  carpo-metacarpal,  metacarjw-phalangeal,  and  mter-phalangeal 
oints) ;  abduction  and  adduction,  together  with  circumduction  (occurring  at  the  carpo-metacarpal 
flint).  ^ 

The  muscles  and  their  respective  actions  are  givehnn  the  following  table  : — 


Flexion. 


Extension. 


OnnnnenA  Tmllima  /  (carjx)-metacarpal  '  Extensor  oeeis  meta-  i  (carjw-metacariMil 
upponens  pomcis  ^      joint)  carpi  jwllicis  I     joint) 

Flexor  brevis  1  (carpo  -  metacarpal  and  '  Fxt^nsor  1  revi  f^-^rpo- metacarpal  and 

Adductors       \     metacarpo-phalangeal  |         ^?v".  **s      metacar^jo  -  })lialan- 

Ahductor        J     joint)  pollicis  y     geal  joint) 

Hexor  longus  poUicis  (all  jointa)  '  Extensor  longus  j)ollicis  (all  joints) 


Adduction.  Abduction. 


I 


Adductors  of  the  thumb  '     Abductor  jx)Uicis 

Flexor  brevis \     n-  •  i     Extensors^  of  the  thumb 

r^  /poliicis 

0j>j>oiu-n3       J  ^  I 

First  dors«il  interosseous 


Circumduction — a  combiuation  of  the  above  iiuiscles. 


The  characteristic  features  of  the  movements  of  the  upper  limb  are  their  range  and 
.'finenient.  The  hand,  in  addition  to  its  intrinsic  powers,  can  bo  moved  through  a 
ide  range  and  in  several  planes  by  the  muscles  acting  on  the  wrist  and  radioulnar 
ints;  this  range  is  increased  by  the  fore  and  aft  movements  at  the  elbow-joint,  and  the 
tensive  movements  of  which  the  shoulder  and  clavicular  joints  arc  capable.  The 
suit  is  that  the  hand  can  be  brought  into  a  position  to  cover  and  guard  any  portion 

the  body.  The  precision  and  refinement  of  movement  is  nuide  j)ossible  by  the  co- 
dinate  movements  of  the  various  muscles  acting  upon  the  several  joints,  so  that 
tionscan  be  performed  (as  raising  the  fcxxi  to  the  mouth)  in  which  all  the  articulations  of 
e  limb  are  brought  into  play ;  while  others  (such  as  writing)  are  possible  by  movements 

the  joints  of  the  wrist  and  fingers  along  with  fixation  of  the  elbow-joint. 

THE  LOWER  LIMB. 
FASCL^:  AND  MUSCLES  OF  THE  THIGH  AND  BUTTOCK. 

FASCLE. 

The  superficial  fascia  of  the  thigh  and  buttock  is  continuous  above  with  the 
cia  of  the  abdomen  and  back,  internally  with  tliat  of  the  perineum,  and  below 
:h  that  of  the  leg.     It  presents  noticealile  features  in  tlie  buttock  and  groiu. 
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In  the  buttock  the  superficial  fascia  is  of  considerable  thickness,  and  is  urn 
loaded  with  fat,  whereby  it  assists  in  forming  the  contour  of  the  buttock  and 
fold  of  the  nates. 

In  the  groin  it  is  divisible  into  two  layers :  a  snperflcial  fktty  layer,  contin 
with  a  similar  layer  on  the  front  of  the  abdominal  wall  above,  and  over 
perineum  internally,  and  a  deeper  membranous  layer,  which  is  attached  aboi 
the  inner  half  of  Poupart's  ligament,  and  to  the  deep  fascia  of  the  thigh  just  k 
tlie  outer  half  of  that  ligament.  Internally  it  is  attached  to  the  pubic  areh, 
below  the  level  of  Scarpa's  triangle  it  blends  inseparably  with  the  superficial  l 

layer.  Theuei 
tion  of  these 
layer6  of  the  si 
ficial  fascia  i 
casioned  by 
presence  bet 
them  of  the  fei 
and  inguinal 
phatic  glandf 
internal  saphi 
vein  and  its  i 
taries,  and  i 
small  arteries, 
attachment  o 
deeper  layer ( 
fascia  to  the 
arch  and  Poui 
ligament  cut 
the  super! 
tissues  of  the 
from  the  peril 
and  the  am 
abdominal 
and  prevents 
passage  dowi 
beneath  the  fascia  of  the  ani 


Superficial  layer  of 
superttcial  faMCia 


Superflcial  circumflex  iliac  vewtels 
Inguinal  lymphatic  glands 

Deep  layer  of  Buperflcial  fkMcia 
Femoral  lymphatic  glands 


Genito-croral  nerve 

Superficial  layer  of 

superficial  fascia 

Internal  saphenous  vein 


I>«|>  U^^ir  of 
rfiifmrrtrial  fascia 
Sni^rfk^al 
^  i?p1|;tu«t  ric  vessels 
finijuprtlclal  layer  of 
jfiip«rfic;ial  foscia 

Biip«rlar  external 
piidjc  V4?j|fiels 

_  II ii> Inguinal  nerve 
—  HpvnuAUc  cord 


Fig.  273.— Thk  Groin. 


Structores  between  the  Layers  of  the 
Superficial  Fascia. 


the 


perineum  or 


thigh   of  fluid  collected  in 
abdominal  wall. 

The  deep  fascia  or  fascia  lata  forms  a  tubular  investment  for  the  musclei 
vessels  of  the  thigh  and  buttock.  It  is  firmly  attached  above  to  the  iliac  cres 
great  sacro-sciatic  ligament,  the  ischium,  the  pubic  arch,  the  pubic  symphysii 
crest,  and  Poupart's  ligament.  Below,  in  relation  to  the  knee,  it  is  coutii 
with  the  deep  fascia  of  the  leg,  gains  attachment  to  the  patella,  the  tuberosit 
the  tibia  and  the  head  of  the  fibula,  and  forms  the  lateral  ligaments  of  the  pal 

On  the  front  of  the  thigh  the  deep  fascia  is  thick  and  strong.  It  is  pi 
by  numerous  openings  for  vessels  and  nerves,  the  most  important  of  whi 
the  Baphenous  opening  for  the  internal  saphenous  vein.  A  femoral  hernia  ] 
through  this  opening  to  reach  the  front  aspect  of  the  anterior  abdominal  wal 
is  an  oval  opening  of  variable  size  situated  just  below  the  inner  half  of  Pou 
ligament,  and  immediately  in  front  of  the  femoral  vessels.  It  is  coven 
the  superficial  fascia,  and  by  a  special  layer  of  fascia,  the  cribriform  flu 
thin  perforated  lamina,  attached  to  the  margins  of  the  opening.  The  outei 
of  the  opening  is  formed  by  the  margin  of  the  iliac  portion  of  the  fascia 
which  is  attached  above  to  the  iliac  crest  and  Poupart's  ligament;  the 
edge  is  formed  by  the  puhic  portion  of  the  fascia  lata,  which  is  continued  up 
behind  the  femoral  sheath,  over  the  adductor  longus  and  pectineus  muac 
the  ilio-pectineal  line  and  tlie  capsule  of  the  hip-joint.  These  two  layers  < 
fascia  lata  are  continuous  at  the  lower  concave  margin  of  the  saphenous  op 
forming  its  inferior  coma.  As  they  pass  upwards  towards  the  pelvis  they  o 
different  planes,  the  iliac  portion  being  in  front  of  the  femoral  sheath,  whi 
pubic  portion  of  the  fascia  is  behind  it.     The  superior  comu  of  the  saphenous  op< 
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i  in  front  of  the  sheath,  is  derived  solely  from  the  iliac  portion  of  the  fascia  lata. 

ms  a  strong  triangular  band  of  fascia  attached  above  to  the  inner  half  of 

u-t's  ligament,  and  is  known  as  the  falciform  ligament.     It  has  an  important 

in  directing  the  course  of  a  femoral  hernia  upwards  on  to  the  abdominal 

Uemally  in  relation  to  the  adductor  muscles  of  the  thigh  the  fascia  lata 
188  much  thinner.  At  the  knee  it  is  associated  with  the  tendons  of  the  vasti 
es,  and  forms  the  lateral  ligaments  of  the  patella,  attached  to  the  borders  of 
atella  and  to  the  tuberosities  of  the  tibia.     Externally  it  gives  rise  to  the 


xmia  of  obliqtitvi  extttrntiij 
Intenxjltituuflf  Qbrc»^ 

Poitpvt'a  ]tgniB«rkt 

ntae  portion  of  IkAcH*  UU 

External  eul.uif>ufii  nerre 

Fklciform  ligmment 
Criijmli  sliisith 

Feiijonl  Art4*f>' 

Genlbo-erunl  iif>rT«i. 

iferior  comu  {»f  lupheTiom 

Femoral  iTnipliitlc  lElBQd 
Internal  ^phenous  vein 


£l«vt?Jith  thoracic  nerve 
T*(*irib  thoracic  nerve 


1ltt>hyt'01{Mtric  nerve 

^^u^mfd  }p»l*"  trf  external  abdominal  ring 

ktUniAl  abdominal  ring  and  spermatic  corrl 

Bit«peuHory  ligament  of  penis 
t  Ho- Inguinal  nerve 


Body  of  penis 

IMrto«  moBcle  of  scrotum 


Middlp  cut*iu*ou»  Tt**rvi?        \ 

Middle  cuUneous  nerve  Pubic  portion  of  fascia  laU 

Fio,  274. — The  Groin — the  Structures  seen  on  kkmoval  ok  the  Superficial  Fascia. 


ibial  hand — a  broad  thick  layer  of  fascia  which  is  attached  above  to  the  iliac 
,  and  receives  the  insertions  of  two  muscles  in  the  upper  part  of  the  thigh — 
tensor  fasciae  femoris,  and  part  of  the  gluteus  maximus ;  it  is  attached  below 
le  capsule  of  the  knee-joint  and  the  outer  tuberosity  of  the  tibia.  The  fascia 
ath  the  tensor  fasciae  femoris  muscle,  continued  upwards  from  the  ilio-tibial 
I,  sends  a  strong  band  inwards  which  joins  the  origin  of  the  rectus  femoris  and 
lapsule  of  the  hip-joint. 

)n  either  side  of  the  thigh  above  the  knee  an  intermuscular  septum  is  formed ; 
sxtemal  intermnscnlar  septum  extends  inwards  from  the  ilio-tibial  band  to  the 
rnal  supra-condyloid  ridge  and  linea  aspera  of  the  femur,  and  gives  attachment 
le  vastus  extemus  and  crureus  in  front,  and  the  short  head  of  the  biceps  behind. 
internal  intermnscnlar  septum  is  more  complex.  It  is  re])resented  by  a  layer  of 
a  which  forms  separate  envelopes  for  the  gracilis  and  sartorius  muscles,  and 
le  upper  and  middle  thirds  of  the  thigh  encloses  the  adductor  muscles.  In  the 
ile  third  of  the  thigh  the  fascia  is  specuilly  thickened  by  transverse  fibres 
ecting  together  the  adductor  muscles  and  the  vastus  internus.  This  sheet  of 
a  forms  a  special  aponeurosis  beneath  the  sartorius,  whicli  roofs  over  the 
iral  artery  in  Hunter's  canal.  In  the  lower  third  of  the  thigh  the  intermuscular 
im  is  closely  associated  with,  and  is  to  a  largo  extent  rei>resented  by,  the 
on  of  the  adductor  magnus  musdo. 

?he  fascia  lata  of  the  buttock  is  tliick  anteriorly  wliere  it  covers  and  gives  origin 
le  gluteus  medius,  thinner  i)OSteriorly  over  the  gluteus  maximus,  at  the  upper 
er  of  which  it  splits  to  enclose  the  muscle.     It  is  greatly  thickened  over  the 
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region  of  the  great  trochanter,  where  it  forms  the  insertion  of  the  greater  pai 
the  same  muscle. 

On  the  back  of  the  thigh  and  over  the  popliteal  space  the  fascia  is  strengthc 
by  transverse  fibres  derived   from   the  hamstring  muscles.     The  popliteal  ft 


dTBn!«Q*tffjurroi 

Skrratpa  porrictm  stirEAioit 
Leva  Ml B  Asat- Lr  tCA 

RHOMBOIDIXi^  M^V^'B 
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MAJOR 

TRAPEZH'fl  '- 


Trreh  major 


3TMmi«^MAj9TV7t& 


Vertebral  ^^f^j,--, 


Latih.siii('I»  iHttmi 


SKRBATrM  HWTICU* 
IHFCBJOK 


AlltifMltJiiM 


ObLIQUUH  tKTBJlKl^ft 


ftLICHIBOIDBt 


P'aitcia  owr  glulpaif 
riiaxinifici 


iAttHMMCA 


UBLiqrrs  EXTic^sir* 

AbtKiHIVLB 


OliU<fPtT»  ]STRlt3ltr:<l 


Gliitral  f&aciik 
FaJifia  over  Kluttits 


QhOTKW  MAXimfm 


Fig.  275.— SurBRFicFAL  Muscles  of  the  Back. 

forming  the  roof  of  the  popliteal  space  is  specially  thick,  and  is  usually  pie 
by  the  external  saphenous  vein. 

A  femoral  hernia  api)ears  in  the  thigh  through  the  saphenous  opening,  there) 
passing  upwards  over  Pouptirt's  ligament  to  the  anterior  abdominal  wall. 

Femoral  Sheath. — This  is  a  conical  membranous  investment  for  the  fen 
vessels,  i)rolonged   into   Scarpa's  triangle  beneath   Poui>art'8   ligament,  and 
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>U3  above  with  the  internal  fascial  lining  of  the  abdominal  wall,  formed  by 
fascia  transversaliH  in  front  and  the  fascia  iliaca  behind.  The  sheath  is 
ed  into  three  compartments — an  external  space  for  the  artery,  an  inter- 
ate  tq>ace  for  the  vein,  and  an  internal  channel  containing  lymphatics,  and 
A  the  crural  canaL  The  wall  of  this  is  known  as  the  crural  sheath.  This 
.  is  the  passage  through  which  a  femoral  hernia  enters  the  thigh.     Its  upper 

is  the  cmral  ring,  placed  behind  Poupart's  ligament  in  front  of  the  origin  of 
•ectineus  muscle  from  the  pubis;  it  is  bounded  internally  by  Giml)ernat's 
leut.  and  externally  by  the  femoral  vein.  In  front  of  it  the  fascia  trana- 
lis  forming  the  sheath  is  thickened  to  form  the  deep  crural  arch.  The  part  of 
art's  ligament  in  front  of  the  ring  is  called  the  superficial  crural  arch.  The 
epigastric  artery  separates  the  crural  ring  from  the  internal  abdominal  ring. 
.•rural  canal  ordinarily  contains  fat  which  is  continuous  above  with  the  extra- 
kueal  tissue.  The  crund  ring  is  filled  by  a  plug  of  fat  or  a  lymphatic  gland, 
itutiuL^C  the  crural  septum. 

he  crural  canal  ends  behind  the  saphenous  opening,  covered  by  the  cribriform 
I ;  the  falciform  ligament  crosses  over  it  and  conceals  its  upper  portion.  The 
^  of  a  femoral  hernia  is  determined  by  this  band  of  the  fascia  latJi.  The  hernia 
nils  through  the  crural  ring,  pusliing  the  crural  septum  before  it ;  it  traverses 
rural  canal,  and  is  directed  forwards  through  the  saphenous  opening.  The 
•ior  ])art  of  the  hernia  being  presseil  upon  and  retarded  by  the  cruml  arches 
by  the  falciform  ligament,  the  posterior  part  pushes  onwards,  hooks  roiuid  the 
forui  ligament,  and  is  directed  upwards  over  Poupart's  ligament.     The  cover- 

of  a  femoral  hernia,  in  addition  to  peritoneum  and  extra-peritonciil  tissue 
ral  8i*ptum),  are  cruml  sheath,  cribriform  fascia,  8ui)erficial  fascia,  and  skin. 

THE  MUSCLES  ON  THK  FRONT  OF  THE  THKJH. 

The  muscles  on  the  front  of  the  thigh  include  the  sartorius,  quadriceps  extensor, 
psoas,  and  ^^ectineus  muscles. 

The  sartorius,  a  long  strap-like  muscle  stretching  obliquely  across  the  thigh, 
Bs  l»y  short  tendinous  fibres  from  the  anterior  sujKjrior  spine  of  the  ilium  and 
'  of  the  notch  below  it  (Fig.  285,  p.  369).  It  passes  down  the  thigh  to  the 
^r  side  of  tlie  knee,  where  it  is  inserted  l)y  aponeurotic  librt\s  into  tlie  inner 
UKi"  of  the  shaft  of  the  tibia  just  below  the  inner  tuberosity,  and  by  its  borders 
}  fascial  exi^msions  which  join  the  capsule  of  the  knet^-jolnt  and  th(;  fascia 
I  of  the  leg  (Fig.  279,  p.  303).  An  expansion  from  the  u])por  part  of  tlie 
lion  of  insertion  is  attiiched  along  an  obliciue  line,  wiiich  is  directed  downwards 
I  backwards,  above  the  attachment  of  the  gracilis,  to  the  internal  lateral  ligament 
he  knee-joint,  with  which  it  is  connected. 

Thu  sartorius  is  superficial  in  its  whole  extent.  It  is  so  twisted  on  itself  that 
:lie  up}HT  third  of  its  length  its  superficial  surface  looks  forwards,  in  the  lower 
hi  inwards,  at  the  side  of  the  knee.  It  ])asses  diagonally  down  the  thigh,  separat- 
llit;  (iuadricei»s  extensor  externally  from  the  adductor  muscles  internally.  Its 
HT  third  forms  the  outer  boundary  of  Scari)a's  triangl"  :  its  middle  third  forms 
r(.M»f  of  Hunter's  canal ;  and  its  lower  third,  in  contact  with  the  inner  side  of  the 
V.  is  separated  from  the  tendon  of  the  gracilis  muscle  by  the  long  siii)henous 
v»;  and  a  branch  of  the  ana8tc»motic  artery.  A  bursa  lit^s  l)cneath  the  tendon  at 
insertion.  The  sartorius  conceals  in  its  upper  third  the  external  c.ircunifiex 
v-ls  and  branches  of  the  anterior  crural  nerve,  and  it  covers  the  femoral  vessels 
I uu tor's  canal. 

The  quadriceps  extensor  (m.  (juadriceps  femoris;  lies  betw(»en  the  siirtorius 
he  one  hand  and  the  tensor  fascia*  ft^moris  and  ilio-tibial  band  on  the  other; 
comiM.)sed  of  four  mu.scles — the  rectus  fenioris,  vastus  externus,  erureus,  and 
us  internus. 

The  rectus  femoris  has  a  double  tendinous  origin.  (1)  Thi^  stm'uflU  head 
's  from  the  anterior  inferior  spim.*  of  tini  ilium  (Fi^^  liS2,  p.  :>0()) ;  (2)  the 
rtt'd  head  springs  from  a  r(»ugii  groove  on  tiie  dorsum  ilii  just  above  the 
lest  j)art  of  the  acettibulum  (Fig.  2sr>,  p.  'M\\)  .      A  bursa  lies  beneath  this 
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head  of  origin.     The  two  heads,  bound  together  and  connected  to  the  capi 
the  hip-joint  by  a  band  of  fascia  derived  from  the  under  surface  of  the 
fasciae  femoris  (iiio-tibial  band),  give  rise  to  a  single  tendon  which  extem 
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LaUtral  Ujckunnl  of  iMddla 


FiG.  276.— Thb  Muscles  on  the  Front  of  the  Thigh. 

some  distance  on  the  front  of  the  muscle,  and  from  which  the  muscular  fibres 
The  muscular  fibres  springing  from  this  tendon,  and  also  from  a  median  t 
tendon,  present  a  bipennate  arrangement,  and  end  below  in  a  broad  tendon  ' 
passes  upwards  for  some  distance  along  the  posterior  surface  of  the  muacla 
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I'yrfftjTtnia  (in8t>rtioD) 


Gluteus  uiedius 
(iiiMertioii) 


(LtisBrUdri) 


slu^  cxtvniuii  (itri^^iii) 


tendon  gradually  narrows  towards  the  knee,  and  spreading  out  again,  is  inserted 
bto  the  upper  border  of  the  patella.  It  receives  laterally  parts  of  the  insertions 
bf  the  vasti  muscles,  and  on  its  deep  surface  is  joined  by  the  tendinous  insertion 
of  the  crureus. 

The  rectus  feuioris  is  superficial  except  at  its  origin,  which  is  covered  by  the 

Sliitei,  tensor  fascise  femoris,  and  sartorius  muscles.  On  its  inner  side  lie  the 
liacus,  sartorius,  and  vastus  intemus  ;  on  its  outer  side  are  the  tensor  fascifu  femoris 
ud  vastus  extern  us.  It  conceals  the  crureus  muscle  and  branches  of  the  external 
oicumflex  artery  and  anterior  crural  nerve.  A  bursa,  which  communicates  with 
(he  synovial  membrane  of  the  knee-joint,  lies  beneath  its  tendon  in  front  of  the 
lower  end  of  the  shaft  of  the  femur. 

The  vastus  extemus  (m.  vastus  lateralis)  has  an  origin,  partly  fleshy,  partly 
membranous,  (1)  (slightly)  from  the  ca^wule  of  the. hip-joint,  (2)  from  the  tubercle 
»f  the  femur,  (3)  from  a  concave 
lurface  on  the  front  of  the  shaft 
if  the  1m me  internal  to  the  great 
rjchauter,  (4)  from  the  lower  border 
rf  the  y^i'ixt  trochanter,  (5)  from  the 
mter  margin  of  the  gluteal  ridge 
>f  the  femur  and  the  tendon  of  the 
gluteus  maximus,  (6)  from  the  upper 
ialf  of  the  linea  aspera,  and  (7)  from 
the  fascia  lata  and  extemcd  inter- 
muscular septum  (Fig.  277,  p.  361). 
It  forms  a  thick,  broad  muscle 
dirt'Ct^d   downwards   and    forwards, 

aii>l  is  inserted   by  a  broad  mem- 

tranous  tendon   into  (1)  the  outer 

border  of  the  tendon  of  the  rectus 

femoris,   (2;    the   upper   and  outer 

bonier  of    tlie  patella,  and  (3)  the 

cajisule  uf  the  knee-joint,  and  the 

external    lateral    ligament    of    the 

pattella.      The    vastus    extemus    is 

covereil  su})erficially  by  the   fascia 

liita  and    the    ilio- tibial    band.     A 

bursal  intervenes  between  it  and  the 

luembraufiut*  insertion  of  the  gluteus 

luixiiiius :  at  its  inner  border  is  the 

ratiis  femoris;  and  under  cover  of 

it,  on  a  deeper  plane,  is  the  crureus,  which  is  also  to  a  large  extent  concealed  by 

ly  muscle.     Betwt;en  the  vastus  externus  and  crureus  is  the  descending  branch  of 

the  external  circumflex  artery. 

The  vastus  internus  (m.  vastus  medialis)  is  larger  than  the  vastus  extemus 

ami  lias  a  ujore  extensive  origin,  from  (1)  the  shaft  of  the  femur — from  the  lower 

twd-tliirds  or  more  of  the  spiral  line,  the  linea  aspera,  and  the  upper  twu-thirds 

ol  the  line  leading  from  the  linea  aspera  to  the  internal  condyle  of  the  femur; 

'-,  the  membranous  expansion  of  the  fascia  lata  which  lies  beneath  the  sartorius 
Hud  lorms  the  roof  of  Hunter's  canal ;  and  (3)  the  internal  iutt;rmuscular  septum 
HuJ  the  tendon  of  the  adductor  magnus  (Figs.  277,  p.  .•)t)l,  and  281,  p.  365). 

From  its  origin  the  muscle  is  tlirected  downwards  and  outwards  towards  the 
kujte ;  it  is  inserted  by  a  strong  aponeurotic  tendon  into  (1)  the  inner  l)(»rder  of  the 
rectus  tendon  ;  (2;  the  upper  and  inner  border  of  the  patella;  and  (3)  the  capsule  of 
th<«  knee-joint  and  the  internal  lateral  ligament  of  the  patella.  The  vastus 
internus  is  superficial  except  at  its  origin,  which  is  concealed  by  the  sartorius 
tmiscle  and  femoral  vessels.  Along  its  outer  side  are  the  rectus  and  crureus ; 
hj  muscle  conceals  the  inner  side  of  the  shaft  of  the  femur  and  the  crureus, 
vith  which  it  is  closely  incorjwrated  in  its  lower  two- thirds. 

The  crureus  muscle  fm.  vastus  intermedins)  arises  by  fleshy  fibres  (1)  from  the 
26 


Criin.Mift  (orij^iii 
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upper  two-thirds  of  the  shaft  of  the  femur  on  the  anterior  and  external  su 
(2)  from  the  lower  half  of  the  outer  Jip  of  the  linea  aspera  and  the  upper  [ 
of  the  line  leading  therefrom  to  the  external  condyle,  as    well  as  (3)  bm\ 
corresponding  portion  of  the  external  intermuscular  septum  (Fig.  277,  p.  361). 

For  the  most  part  deeply  placed,  the  muscle  is  directed  downwards  to  i 
insertion  into  the  deep  surface  of  the  tendons  of  the  rectus  and  vasti  muscles  I 
means  of  fibres  which  join  a  membranous  expansion  on  its  surface. 

The  crureus  is  concealed  by  the  rectus  and  vasti  muscles,  and  externally,! 
the  lower  half  of  the  thigh,  by  the  ilio- tibial  band.  It  is  closely  adherent  to  f 
vastus  exteruus  muscle  in  the  middle  third  of  the  thigh ;  it  is  inseparable 
the  vastus  internus  below  the  upper  third.      Beneath  the  crureus  is  the  fei 


VA«T1?S  INTKlUtTJlt 


ADDCCTOR  irMStHfl 


Biucn  (ihoft  ht»A) 


Onvt  Hf^lNtte  iiflrvc 
Fkj.  278. — Transverse  Section  ok  the  Thigh  (Hunter's  Canal). 

and  in  the  lower  third  of  the  thigh  it  conceals  the  subcrureus  muscle,  a  bursa,  and 
the  upward  prolongation  of  the  synovial  membrane  of  the  knee-joint. 

The  subcrureus  consists  of  a  number  of  separate  bundles  of  muscular  fihiei 
arising  beneath  tlie  crureus  from  the  lower  fourth  of  the  front  of  the  femur,  and 
inserted  into  tlie  synovial  membrane  of  the  knee-joint  beneath  the  tendon  of  the 
rectus  femoris. 

The  four  elements  composing  the  quadriceps  extensor  muscle  have  been  traced 
in  their  convergence  to  the  patella  and  the  lateral  ligaments  of  the  patella.  Their 
ultimate  insertion  is  into  the  tibia  (Fig.  279,  p.  363),  by  me^ns  of  the  ligamentnB 
patellffi  and  the  lateral  ligaments  of  the  patella.  Tlie  patella,  indeed,  is  in  one  sense 
a  sesiunoid  bone  formed  in  the  tendon  of  the  muscle,  the  ligamentum  patellae  beii^ 
the  real  tendon  of  insertion,  and  the  lateral  ligaments  fascial  expansions  from 
its  borders.  Tlie  insertion  of  the  luuscle  forms  the  front  of  the  capsule  of  the 
knee-joint. 

Tlie  ilio-psoas  muscle  is  a  comi;x)und  muscle,  consisting  of  one  or  sometimes 
two  eleint»nts. — psoas  (magnns  and  parvus),  connecting  tluj  femur  and  pelvic  girdle  to 
the  axial  skt-leton :  and  another  element,  the  iliacns,  extending  between  the 
innominate  bone  and  the  femur.  The  muscles  chiefly  occupy  the  posterior  wall  of 
the  abdomen  and  false  pelvis,  their  insertions  only  api>earing  in  the  thigh  below 
Poupart*rt  ligament. 

The  psoas  magnus  (m.  psoas  major)  is  a  large  pyriform  muscle,  which  has  an 
extensive  origin  by  fleshy  fibres  from  the  vertebral  column  in  the  lumbar  region, 
^t  arises  (1)  from  the  intervertebral  discs  al>ove  each  lumbar  vertebra,  and  from  the 


THE  MUSCLES  ON  THE  FRONT  OF  THE  THIGH. 


363 


demi-rnpiubraniuttu. 

J-lgasiirjiitiiia  jjatellBB 
(iiifl«rtlaii) 


Attachment  of  int^rul 
iiiturtU  ligimi^iit  of  tJic  knee 

OneJllR  (ItiAerUon) 


ii«inl-t«9ndi2iQ«a«  (tiuef  tloii) 


Burgins  of  the  vertebrae — from  the  lower  border  of  the  12th  thoracic 

er  border  of   the  5th  lumbar  vertebra;    (2)  it  arises  also  from  four 
arches  which  pass  over  the   sides  of  the  bodies  of  the   first   four 

»ebne ;  and  (3)  it  has  an  additional  origin  posteriorly  from  the  transverse 

all  the  lumbar  vertebrae.     The  fibres  form  a  fusiform  muscle  directed 
over  the  pelvic  brim  and  beneath  Poupart's  ligament,  ending  in  a 

ih  is  inserted  into  the  apex  of  the  lesser  trochanter  of  the  femur  (Fig. 

I. 

»a8  muscle  occupies  the  posterior  abdominal  wall,  the  false  pelvis,  and 

In  the  abdomen  it  lies  in  the  groove  alongside  the  bodies  of  the  lumbar 

.  front  of  the  transverse  pro- 
is  enveloped  by   a   fascia 

m  the  lumbar  aponeurosis. 

Lnal  viscera  in  contact  with 
kidney  and  colon  on  both 

the  duodenum  on  the  right, 

Lcreas  on  the  left  side.     The 

I  front  of  it,  along  with  the 

r  ovarian,  the  renal  and  colic 

le  inferior  vena  cava  is  in 

3  right  muscle ;  the  inferior 

rein  is  in  front  of  that  of  the 

The  lumbar  plexus  is  em- 

ts  substance,  and  the  nerves 

ion  emerge  from  its  surface 

s.      In  the  false  pelvis  the 

*s   the   pelvic   brim,  and  is 

the  ureter,  the  iliac  vessels, 

on   the  right  side,  and  the 

on  the  left  side.     The  vas 

i  spermatic  vessels  cross  over 

ve  Poupart's  ligament.      In 

angle  the  tendon  is  behind 
vesvsels,  between  the  iliacus 

ens,    and    in   front   of    the 

sternus  muscle  and  the  hip- 

bursa,  which   may  be   con- 

h  the  synovial  cavity  of  the 

tparates  the  tendon  from  the 

he  capsule  of  the  hip-joint. 

tas  parvus  (m.  psoas  minor)  is  often  absent  (40  per  cent).     It  arises  by 

i  from  the  intervertebral  disc  between  the  last  thoracic  and  first  lumbar 

ud   from  the  contiguous  margins   of  these  vertebra^.     Tlie  muscle  is 

)sed  to  the  anterior  surface  of  the  psoas  inagnus.     It  forms  a  slender 

,  and  is  inserted  by  a  narrow  tendon  into  the  middle  of  the  ilio-poctineal 

e  ilio-pectineal  eminence,  its  margins  Vjlending  with  the  fascia  covering 

agnus. 

tcuB  muscle  arises  by  fieshy  fibres,  mainly  from  a  horseshoe-shaped 

nd  the  margin  of  the  iliac  fossa;  it  has  additional  origins  also  from 
the  sacrum,  the   anterior   sacro-iliac,   lumbo-sacral,   and   ilio-lumbar 

md  outside  the  pelvis,  from  the  upper  part  of  the  ilio- femoral  band. 

shaped  muscle,  its  fibres  ^>assin;:^'  downwards  over  the  hip-joint  towards 

trochanter  of  the  femur.     It  is  inserted   by  fieshy  fibres  (1)  into  the 

of  the  tendon  of  the  ]>soa8  mafj;nus;  (2)  into  the  concave  anterior  and 

ces  of  the  small  trochanter  ;  and  (3j  into  tlie  shaft  of  the  femur  telow 

rochanter  for  about  an  inch  (Fi^^  281,  p.  365;;  and  (4)  l)y  its  most 

ires  into  the  capsule  of  the  liip-joint.     These  fibres  are  often  separate, 

t  iliacus  minor,  or  ilio-capsularis. 

sole  occupies  the  false  pelvis  and  Scarpa's  triangle.     It  forms  the  back 
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wall  of  the  false  pelvis  and  is  covered  anteriorly  by  the  iliac  fascia.  It  is 
contact  with  the  C8ecum  on  the  right  side  and  the  iliac  colon  on  the  left  i 
The  psoas  muscle  lies  along  its  inner  border,  with  the  anterior  crural  nerve  ii 
interv^al  between  them.  After  passing  beneath  Poupart's  ligament,  and  oyer 
capsule  of  the  hip-joint,  the  muscle  occupies  the  outer  part  of  the  floor  of  Scar 
triangle,  internal  to  the  sartorius  and  rectus  femoris  muscles. 


Ven*  CAVRil  opening    CKiK>pba;i^fA)  of^rTiiii^  Oenlrml  lepdon  (middlr  [urt) 


UturtLlii  (Gtigiti) 

I      JklitJ  veto  KM  Lil  «VS  (od  gi  P  )  ^ 

pErrriNErn  (cut) 
SSuperHcial  braiu'li  of  obturator  n«rve 
I      I>eep  branch  or  obturator  n»?rvc 

OmTKATOK  EXJF.KNrs 

Fig.  280.— View  of  the  Posterior  Abdominal  Wall,  to  show  thk  Mu.^-clks  and  the  Nerves 

THE  Lumbo-Sacral  Plexis. 

The  pectineus  muscle  arises  by  fleshy  fibres  from  the  sharp  anterior  poi 
of  the  ilio-pectineal  line  of  the  pubis,  and  from  the  triangular  surface  of 
pubic  l)one  in  front  of  this  (Fig.  282,  p.  366).  It  also  arises  from  the  fen 
surface  of  Gimbernat's  ligament,  and  from  the  pulac  portion  of  the  fascia  lata  w 
covers  it.  Forming  a  broad  muscular  band,  it  is  directed  obliquely  downwi 
backwards,  and  outwards,  to  be  inserted  by  a  thin  flat  t(?ndon  alK)ut  two  in 
in  length  into  the  upper  half  of  the  x)ectineal  l»»^«  leading  from  the  back  of 
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(insertiop) 


tibtumfor  intemus  an<l 
pf  itu-lli  (iuHortion) 
Obttiratctr  extern  us 

Qiindnlita  foinoris 


<liiei^rtioi)) 


Gluteus  iiiaxiiiinFi 
Adductor  mni^iin-i 


[*<?<;  Lin*  Lift  (iTjfrertioii) 


Vastus  i^KteriJiiH  (ori^'iii) 


all  trochanter  of  the  femur  towards  the  linea  aspera;   its  lower  attachment 
lug    placed    in    front  of   the 
lertion  of  the  adductor  brevis 
K«le(Fig.281,p.365).  7„Z7r, 

The  pectineus  forms  a  part  oiutetis  mc^iitui 

the  floor  of  Scarpa's  triangle.  "  "' 
overed  by  the  pubic  portion  of 
K  fascia  lata,  it  is  partiaUy 
Mieealed  by  the  femoral  vessels 
od  the  insertion  of  the  ilio- 
loas.  It  lies  in  front  of  the 
able  bone,  the  obturator  ex- 
jrnus  and  adductor  brevis 
luscles,  and  the  superficial  part 
•  the  obturator  nerve.  Its 
Iter  lorder  is  separated  from 
le  i)soas  by  the  internal  cir- 
miiiiex  vessels.  Its  inner  border 
i  in  contact  above  with  the 
dductor  longus,  but  is  separated 
rora  it  below  by  the  deep 
smnral  vessels.  The  muscle 
nay  be  occasionally  divided 
nto  inner  and  outer  parts,  the 
'nruier  innervated  by  the  ob- 
turator, the  latter  by  the  anterior 
crural  nerve. 

THE  MUSCLES  ON  THE  INNER 
SIDE  OF  THE  THIGH. 

The  muscles  on  the  inner  side  ^^^'  281.— MrscLE-AxTACHMEMs  to  the  Posterior  Aspect 
Of  the    thigh    include    the    ad-  ^^'  ™  ^^^^^  ^"""  '''  ""^'  ''^^'^'"- 

ductore  of    the    femur — the   adductor    longus,   adductor    brevis,   and   adductor 
magiuis ;  the  gnicilis,  and  the  obturator  exteruus. 

Tlie  gracilis  muscle  is  a  long  flat  band  placed  on  the  inner  side  of  the  thigh 
an<l  knev.  It  arises  by  a  thin  aponeurotic  tendon  from  the  lower  half  of  the  edge 
'^^t  tlie  symphysis  pubis,  and  for  a  similar  distance  from  the  border  of  the  adjoining 
part  of  the  pubic  arch  (Fig.  282,  p.  366).  Its  flattened  flesliy  belly  passes  down 
•a  the  inner  side  of  the  thigh  to  the  knee,  where  it  ends  in  a  tendon,  which  exj)ands 
t'»  l-e  inserted  into  the  inner  side  of  the  shaft  of  the  tibia  just  below  the  inner 
•.ii»Hrosity,  behind  the  sartorius  and  above  and  in  front  of  the  seniitendinosus 
F]z  271>,  p.  ^^>63).  It  is  separated  from  the  sfirtorius  tendon  by  a  bursa,  and 
xnefitli  its  tendon  is  another  bursa  common  to  it  and  the  seniitendinosus. 

Tlie  gracilis  is  sui)erficial  in  its  whole  extent,  except  at  its  insertion  which  is 
•mce  lied  by  the  insertion  of  the  sartorius  muscle.  Its  dee])  surface  covers  the 
"•nh'r.s  of  the  adductor  lougus  and  adductor  nuiLinus  muscles,  as  well  as  the  super- 
uial  part  of  the  obturator  nerve.  At  the  inner  side  of  the  knee  it  lies  between 
hu  Siirtorius  and  semitendinosus. 

The  adductor  longus  is  a  triangular  muscle  arising  by  a  rounded  t(»ndon  from 
he  auturior  surface  of  tlie  l^ody  of  the  pubis  in  the  angle  between  the  crest  and 
ymphysis  TFig.  282,  p.  ''66).  Extending  downwards  and  outwards,  it  is  inserted 
ito  the  middle  two-fourths  of  the  inner  lip  of  the  lim^a  asjera  in  front  of  the 
'hliictor  inagnus.  hying  in  the  same  ])laue  as  th<*  ])ectiueus,  the  adductor  longus  is 
1  C'litact  with  that  muscle  near  its  orij^in,  but  is  se])a rated  from  it  below  by  an 
itiTval  through  which  the  deep  femoral  vessels  pass.  Its  inner  bordiT  is  in  contact 
iih  the  grartilis  and  sartorius  muscles.  Its  aiit»Mior  siirfat'c  forms  part  of  the  floor 
['Scarpa's  triangle  above,  part  of  the  floor  of  Hunter's  canal  helow.  It  is  covered 
ear  its  insertion  by  the  sartorius  and  tlit?  j'emoral  vessels,  and  it  i^  eowiveeV^Oi  V^ 


366 


THE  MUSCULAE  SYSTEM. 


the  origin  of  the  vastus  internus  hy  an  aponeurotic  expansion  of  fascia  ben 
the   sartorius,  forming  the  roof  of  Hunter's  canaL      Its  posterior  surface  iii 
relation  with  the  adductor  brevis  and  the  adductor  magnus  muscles,  the 
femoral  vessels,  and  the  superficial  part  of  the  obturator  nerve.     The  add« 
longus  may  be  double,  or  more  or  less  fused  with  the  pectineus. 

The  adductor  brevis  is  a  large  muscle  which  arises  by  fleshy  and 
tendinous   fibres  from  an  elongated  oval  surface  on  the  front  of  the  body  i 
upper  part  of  the  descending  ramus  of  the  pubis,  surrounded  by  the  other  mt 
of  this  group  (Fig.  282,  p.  366).     Directed  downwards  and  outwards,  the  ma 
expands,  to  be  inserted  by  a  short  aponeurotic  tendon,  behind  the  insertion  of  1 
pectineus,  into  the  lower  two-thirds  of  the  line  leading  from  the  small  trochantcrl 


^  R4^et1lj|  ftojaorf ■  (atm^bi  hi*d  of  oiigLd) 


[  RMtas  fonmrlfl  (ni^ifMSlMt  hmd  oT  origin} 


.  »_^^^^  Abdiiininu(0llgl 


SeinJ*ni«ittbf:slt4Jaii« 


Biceps  atid  wmVisndin 
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the  femur  to  the  linea  aspera,  and  to  the  upper  fourth  of  the  linea  aspera  itse 
(Fig.  286,  p.  370). 

The  adductor  brevis  is  the  central  muscle  of  the  adductor  group.  It  is  alma 
wholly  concealed  by  the  pectineus  and  adductor  longus.  It  rests  upon  tl 
adductor  magnus ;  at  its  upper  border  is  the  obturator  extemus,  separated  froi 
it  by  the  internal  circumflex  vessels ;  at  its  lower  border  is  the  adductor  longu 
separated  by  the  deep  femoral  vessels.  It  separates  the  superficial  and  deep  par 
of  the  obturator  nerve  in  their  course  down  the  thigh. 

The  adductor  magnus,  the  largest  of  the  adductor  group,  is  a  roughly  ti 
angular  muscle  arising  mainly  by  fleshy  fibres  by  a  curved  origin  from  the  low* 
part  of  the  outer  border  and  a  large  portion  of  the  adjoining  inferior  surface  of  tl 
ischial  tuberosity,  from  the  edge  of  the  ischial  ramus,  and  from  the  anterior  surfai 
of  the  descending  ramus  of  the  pubis,  its  most  anterior  fibres  arising  between  tt 
obturator  externus  and  adductor  brevis  (Figs.  282,  p.   366,  and  285,  p.  369 
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upper  fibres  are  directed  horizontally  outwards  from  the  pubis  towards  the 

part  of  the  femur ;  the  lowest  fibres  are  directed  downwards  from  the  ischial 

ty  to  the  internal  condyle  of  the  femur;   while  the  ■  intermediate  fibres 

obliqaely  outwards  and  downwards.     The  muscle  is  inserted  by  tendinous 

(1)  into  the  space  below  the  insertion  of  the  quadratus  fenioris,  above  the 

aspera ;  (2)  into  the  whole  length  of  the  linea  aspera ;   (3)  into  the  internal 

indyloid   ridge   of    the    femur;   (4)  into  the   adductor   tubercle  on    the 

I  condyle  of  the  femur;  and  (5)  into  the  internal  intermuscular  septum 

286,  p.  370).     The  part  of  the  muscle  attached  to  the  space  above  the  linea 

is  often  separated  from  the  rest  as  the  adductor  minimuB.     The  attachment 

the  muscle  into  the  supracondyloid  ridge  is  interrupted  for  the  passage  of  the 
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Branch  to  femoral  art«ry 
Fi<;.  283. — ScHEJiB  ok  the  Couusk  and  Distribution  of  the  Obtukatuh  Nehvk. 

femoral  vassek  to  the  popliteal  spa^je.  The  uttnehmont  to  the  intt^rual  condyle 
isI'ViinMUH  of  a  strong  tendon  which  receives  the  lihres  arising  from  the  ischium 
;the  pirt  of  the  muscle  associated  with  the  hamstring  group).  This  ti'iulon  is  closely 
connected  with  the  internal  lateral  ligament  of  the  knee-joint. 

The  adductor  magnus  intervenes  between  tht^  other  adductor  museles  in  front 
and  the  hamstring  nmscles  l)ehind.  It  is  concealed  anteriorly  by  the  pectineus, 
adductor  brevis,  adductor  longus,  and  sartorius.  The  deep  femoral  artiay  lies  on 
it  above.  It  forms  the  floor  of  Hunter's  canal  below,  where  the  femoral  vessels  lie 
upoQ  it.  The  hamstring  muscles  and  gre^it  sciatic  nerve  are  behind  the  adductor 
magnus;  the  obturator  externus  and  quadratus  femoris  are  at  its  up]>er border ;  and 
along  its  inner  border  are  the  gracilis  and  sartorius  muscles. 

The  obturator  externus  is  placed  deei)ly  under  cover  of  the  i)revi()us  muscles. 
It  Ls  a  fan-shaped  muscle  lying  horizontally  in  the  angle  between  the  hip  i)one  and 
the  neck  of  the  femur.  It  arises  from  tlie  outer  surface  of  the  pubis  and  ischium, 
which  form  the  inferior  half  of  the  margin  of  the  thyroid  foramen,  and  Irom  the 
corresponding  portion  of  the  outer  surface  of  the  obturator  membrane  ( Figs.  282, 
p.  366,  and  285,  p.  369).     Its  tibres  converge  towards  the  great  trochautet,  \8Aid 
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P^Rirr>niII:9 


end  in  a  stout  tendon  which,  after  i)assing  below  and  behind  the  hip-joint,  is  i 

into  the  digital  f< 
the  great  troehante 
286,p.370,and289, 
The  inferior  surfii 
the  muscle  is  in  < 
with  the  pectinei 
ductor  brevis,  ao 
ductor  magnus  n 
separated  from  th 
the     internal     circ 
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THE  MUSCLES  O: 
BUTTOCK. 


QAiifmiCMmDV9  (outer 


This    group    ii 

the  three  glutei  i 

the  tensor  fasciie  i 

pyriformis,   obturai 

ternus  and    gemel 

quadratus  femoris. 

The  glutens  mt 

is    a    large    quadr 

muscle,  with  a  en 

origin,  from  (1)  a  po 

the  area  on  the  don 

above  the  superior 

line  (Fig.  285,  p.  3G 

the  tendon  of  the 

spinae;    (3)  the   p 

surface  of  the  sacn 

coccyx      (Fig.      3 

and   (4)   the  posterior  surface  of  the  great  sacro- sciatic  ligament 

which    form   its  upper  and   outer   border   take  origin   directly   fr< 

lata   which    envelopes    the  muscle.      The   muJtcle    forms  a    large 

whose   fibres  are  directed    obliquely  outwards  over  the  buttock,  i 


284. — The  Posterior  Sirface  of  the  Thigh  (sui)€rficial 
muscles  removed). 


Fio. 

396); 

fibres 

fascia 

mass, 

by  the  fascia  lata,  and  are  inserted  by  sliort  tendinous  fibres,  partly  into  th 

lata  over  the  great  trochanter  of  the  femur  (joining  the   ilio-tibial   >>an 

partly  into  the  gluteal  ridge  (Fig.  286,  p.  370).       The   fascia  lata   recei^ 

insertion  of  the  whole  of  the  superficial  fibres  of  the  muscle  and  the  upp 

of  the  deep  fibres.     The  lower  half  of  the  deep  portion  of  the  muscle  is  inse: 

the  most  part  into  the  gluteal  ridge ;  but  the  lowest  fibres  of  all  are  insert 

fascia  lata,  and  are  thereby  connected  with  the  external  intermuscular  sept^ 

the  origin  of  the  short  head  of  the  biceps. 

The  gluteus  maximus  is  the  coarsest  and  heaviest  muscle  in  the  body. 
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ight  ii  helps  to  form  the  fold  of  the  nates.  It  is  superficial  in  its  whole  extent, 
e  gluteus  uiedius  is  visible  at  its  upper  l)order,  covered  by  the  faHcia  lata ;  at  its 
Fer  I  Harder  the  hamstring  muscles  and  great  sciatic  nerve  appear  on  their  way 
«rn  the  thigh.  The  muscle  conceals  the  bones  from  which  it  arises,  along  with 
3  great  sciatic  ligament,  the  ischial  tuberosity,  and  the  great  trochanter  of  the 
Qur.  It  also  conceals  the  gluteus  medius  and  pyriformis,  with  a  branch  of  the 
Ileal  artery  between  them  ;  the  obturator  internus  and  gemelli,  with  the  sciatic 
3«sels  and  ner\'es,  the  pudic  vessels  and  nerve,  and  the  muscular  branches  of  the 
!ral  plexus  above  them,  and  the  obturator  externus  and  a  branch  of  the  internal 
cumflex  artery  l)elow  them ;  the  quadratus  femoris  aud  upper  part  of  the 
ductor  nia>;nus  muscles,  with  the  internal  circumflex  vessels  between  them.  It 
rers  the  origins  of  the  hamstring  muscles,  and  by  its  insertion  into  the  fascia  lata, 


<^lilHimj»  t^iieniiuialxloiniuis 


Tensor  faNcia* 
feinoriH  (origin) 
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yiii.    285.— MrsCLK-ATTA<MMKXT.S   TO   THK   DolWCM    IlII    AND   Tl'BEK    IsCHII. 

the  Vikstus  externus.  The  first  perforating  artery  pierces  the  attachment  of  the 
uiusclf  to  the  gluteal  ridge.  Three  bursie  are  ])eneatli  it :  one  (not  always  present) 
jver  the  tul>crosity  of  tlie  ischium,  a  second  over  the  outer  side  of"^  the  great 
indiaiiter,  and  a  third  over  the  vastus  externus.  The  fibres  of  tlie  gluteus 
liaximus  arising  from  tlie  coccyx  may  form  a  separate  muscle  (agitator  caudae). 

The  tensor  fascise  femoris  (m.  tensor  fasciic  latte),  lying  on  the  same  plane  as 
he  gluteus  niaxhuus,  arises  from  the  iliac  crest  and  the  dorsum  ilii  just  external  to 
lie  aiitcri<ir  si4>erior  s])ine,  and  from  the  fascia  covering  its  outer  surface  (Fig. 
!i<5,  p.  369;.  Invested  like  the  gluteus  niaxinius  by  tlie  fascia  lata,  it  is  inserted 
1h»ui  the  level  of  the  gre:it  trochanter  of  the  femur  into  the  fascia,  which  forms  the 
lio-tibial  band  ('p.  357;. 

The  tensor  fascia-  femoris  nniscrle  is  superficially  placed,  and  is  enclosed  in  a 
trung  investment  of  the  fascia  lita,  the  dee[)er  layer  (»f  which  is  prolonged  u])  to  Join 
he  ttudou  of  the  rectus  femoris  and  the  ca]>sule  of  th(»  liii)-joint.  The  muscle  is 
•laredahmg  the  anterior  borders  of  the  gluteus  medius  and  <;luteus  minimus,  and 
mrd,h  branches  of  the  gluteal  and  external  (Mrcumtiex  vess(ds  and  the  termination 
Itiie  suiierior  gluteal  nerve.     The  sirtorius  muscle  is  adjacent  tu  it  a\\\Ainox\^'  ^\. 
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its  origin,  and  is  separated  from  it 
below  by  the  rectus  femoris. 

The  gluteus  mediua  arises  oj;;||^™J^;^^^^^^^^^ 
by  fleshy  and  tendinous  fibres  "  i}n^nur 
(1)  from  the  dorsum  ilii,  between 
the  iliac  crest  and  the  superior 
curved  line  above  and  the  middle 
curved  line  below  (Fig.  285, 
p.  369),  and  (2)  from  the  strong 
fascia  lata  covering  its  surface 
anteriorly.  It  is  a  fan -shaped 
muscle,  its  fibres  converging  to 
the  great  trochanter,  to  be  in- 
serted by  a  strong,  short  tendon 
into  the  postero- superior  angle 
of  the  trochanter,  and  into  a  well- 
marked  diagonal  line  on  its  outer 
surface  (Figs.  286,  p.  370,  277, 
p.  361,  and  289,  p.  371). 

The  muscle  is  covered  along 
its  anterior  border  by  the  tensor 
fascifie    femoris.     Its    surface    is 
covered  over  by  the  fascia  lata 
and  the  gluteus  maximum     Its 
inferior  border  is  separated  from  the  pjri  formic 
muscle  by  the  superficial  branch  of  the  gluteal 
artery.      Its  deep   surface    is    in    contact  with 
the    gluteus    minimus,  the   gluteal  vessels,   the 
superior  gluteal  nerve,  and  the  insertion  of  the 
pyriformis  muscle.     A  bursa  is  placed  beneath 
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Fio.  287.— The  Gluteus  Maxim  us  Muscle. 


286.  —Muscle  -  Attachju 
the  posteriob  aspect  « 
Upper  Part  of  the  Femi 

the  tendon  at  its  ins 
The  glutens  mi 
arises  by  fleshy  fibre 
the  dorsum  ilii  hi 
the  middle  and  ii 
curved  lines  (Fig. 
p.  369).  This  mui 
tan-shaped  and  its 
converge  to  the  a 
superior  angle  oi 
great  trochanter, 
inserted  into  the  ai 
surface  of  the  trocl 
and  sometimes  al8< 
the  front  part  o 
upper  border  (Fig« 
p.  361,  and  289,  p. 
It  is  also  inserted  ir 
capsule  of  the  hi{ 
The  muscle  is  cor 
by  the  tensor 
femoris  and  gl 
medius.  The  pyri 
is  in  contact  with 
ferior  border,  and  b 
it  are  the  capsule 
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id    the  reflected  tendon  of  the  rectus  femoris  muscle.     A  bursa  is 

ath  the  tendon  in  front  of  the  great  trochanter. 

riformiB  is  one  of  the  few  muscles  connecting  the  lower  limb  to  the 

iton.      It 

within  the 

rom     the 
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jr    of    the  ^^^'  288.— The  Muscles  and  Nerves  of  the  Buttock. 

.rtly      SUr-    '^^  gluteus  maximus  is  reHected  ;  and  tlie  gluteus  medius  is  cut  in  part  to  show 
4.1    *^    • the  gluteus  minimus.  i      x 

the   inser-  * 

obturator  internus  (Figs.  286,  p.  370,  277,  p.  361,  and  289,  p.  371). 
riformis,  besides  appearing  in  the  buttock,  lines  the  posterior  wall  of  the 
the  pelvis  it  lies  behind  the  rectum,  covered  by  a  thin  layer  of  the 
Ivic  fascia.     In  the  buttock  it  is  covered  by  the  gluteus  maximus,  and 

at  its  insertion  by  the 

t«miu  «ii«l  gen^dJ]  (iiiaertitin)  ^^^^^^^^^^  glutCUS      mcdiuS,      and 

it  Ues  upon  the  ilium 
and  the  capsule  of 
the  hip-joint.  At  its 
upper  border  are  the 
ghiteuS  medius  and 
ghiteus  minimus,  sepa- 
rated by  the  superior 
gluteal  nerve  and  the 
gluteal  artery ;  its 
lower  border  is  separ- 
ated from  the  gemelli 
and  obturator  internus 
by  an  interval  in  which 
the  sciatic  and  pudic 
anterior  fibres  of  the 


cscle-Attachmexts   to   thk    Ui'I'kk    As 
Tkochanter  ok  thk  Fkmt'h. 


THE    (jRKAT 


1  the  nerves  of  the  sicral  plexus  appear.     The 

y  be  separate. 

^turator  internus  arises  ])y  lleshy  fibres  on  tlie  i)elvic  aspect  of  the  hip 

'om  the  whole  of  the  margin  of  tlie  tliyroid  foramen  (except  the  obturator 
a  portion  posteriorly  op])osite  the  small  sciatic  notch);  (2)  from  the 
the  obturator  membrane ;  (3)  from  the  whole  of  the  pelvic  svvtfoucfe  ol 
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the  hip  bone  behind  and  above  the  thyroid  foramen ;  and  (4)  slightly  froi 
parietal  pelvic  fascia  covering  it  internally.  It  is  a  fan-shaped  muscle,  as 
fibres  converging  to  the  lesser  sacro-sciatic  foramen,  give  rise  to  several  tei 
which  hook  round  the  margin  of  the  foramen  (a  bursa  intervening),  and 
traversing  the  buttock,  unite  together  to  be  inserted  into  a  facet  on  the 
surface  of  the  great  trochanter  of  the  femur  above  the  digital  fossa  fFigs,  2 
370,  and  289,  p.  371). 

In  the  pelvis  the  muscle  occupies  the  lateral  wall,  covered  by  the  pa 
(obturator)  layer  of  pelvic  fascia,  which  separates  it  from  the  pelvic  cavity  i 
and  the  ischio-rectal  fossa  below.  It  is  separated  from  the  contents  of  the  { 
above  by  the  peritoneum  and  extra-peritoneal  fat,  below  by  the  fat  in  the  ii 
rectal  fossa.  The  internal  pudic  vessels  and  nerve  cross  it  in  the  outer  wall  ( 
fossa  in  a  special  sheath  of  the  fascia:  In  the  buttock  the  tendon  is  embrao 
the  gemelli  muscles  which  are  attached  to  its  upper  and  lower  margins.  The  I 
is  crossed  by  the  sciatic  vessels  and  nerves,  and  lies  against  the  upper  and  bad 
of  the  capsule  of  the  hip- joint. 

The  gemelli  muscles  form  accessory  portions  of  the  obturator  internusw 
are  two  in  number,  superior  and  inferior,  and  are  wholly  composed  of  fleshy  fil 

The  superior  gemellus  arises  from  the  gluteal  surface  of  the  ischial  spin 
from  the  upper  part  of  the  margin  of  the  lesser  sciatic  notch  (Fig.  285,  p. 
It  is  inserted  into  the  upper  margin  and  superficial  surface  of  the  temlon 
obturator  internus  muscle. 

The  gemellus  inferior  arises  from  the  upper  part  of  the  gluteal  surface  < 
ischial  tuberosity  and  the  lower  part  of  the  margin  of  the  lesser  sciatic 
(Fig.  285,  p.  369).     It  is  inserted  into  the  lower  margin  and  superficial  i 
of  the  tendon  of  the  obturator  internus. 

The  quadratus  femoris  arises  from  the  outer  margin  of  the  ischial  tube 
(Figs.  282,  p.  366,  and  285,  p.  369),  and  is  inserted  into  the  quadrate  tu 
and  quadrate  line  of  the  femur  (Fig.  286,  p.  370).  The  muscle  is  placed  1« 
the  gluteus  maximus,  and  is  crossed  by  the  sciatic  vessels  and  nerves.  Its 
is  concealed  by  the  hamstring  muscles.  Its  deep  surface  is  in  contact  wit 
obturator  externus  muscle  and  the  small  trochanter  of  the  femur,  a  bursa 
vening.  Its  upper  border  is  separated  from  the  inferior  gemellus  by  an  int 
containing  the  tendon  of  the  obturator  externus  and  the  ascending  branch  < 
internal  circumflex  artery.  Its  lower  border  is  separated  from  the  upper  n 
of  the  adductor  magnus  by  the  internal  circumflex  vessels.  The  muscle  i 
infrequently  fused  with  the  adductor  magnus. 


THE  MUSCLES  ON  THE  BACK  OF  THE  THIGH. 

The  Hamstring  Muscles. 

The  muscles  comprised  in  this  series  include  the  biceps,  semitendinosu 
semimembranosus.  A  part  of  the  adductor  magnus,  already  described,  also  b 
morphologically  to  this  group. 

The  biceps  flexor  cruris  (m.  biceps  femoris)  has  a  double  origin.  (1)  It 
head  arises  by  means  of  a  tendon,  in  common  with  the  semitendinosus,  froi 
lower  and  inner  facet  upon  the  tuberosity  of  the  ischium  (Figs.  282,  p.  36* 
285,  p.  369)  and  from  the  great  sacro-sciatic  ligament.  This  head,  united 
distance  of  two  to  three  inches  with  the  semitendinasus,  tonus  a  separate 
maas,  which  extends  to  the  lower  third  of  the  thigh,  to  end  in  a  tendon  joiD 
the  short  head  of  the  muscle.  (2)  The  short  head  arises  separately  by  flesh 
tendinous  fibres  (1)  from  the  whole  length  of  the  outer  lip  of  the  linea  aspei 
the  up|)er  two-thirds  of  the  external  supra-condyloid  ridge  of  the  femur,  ai 
from  the  external  intermuscular  septum  for  a  corresponding  extent.  The 
limit  of  its  origin  is  sometimes  blended  with  the  insertion  of  the  lowest  fit 
the  gluteus  maximus.  The  fibres  of  the  short  head,  directed  downwards,  joi 
tendon  of  the  long  head,  and  the  muscle  is  inserted  (1)  into  the  head  c 
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»ala  by  a  strong  tendon,  which  is  split  into  two  parts  by  the  long  external  lateral 
lent  of  the  knee-joint ;  (2)  by  a  slip  attached  to  the  outer  tuterosity  of  the 
;   and  (3)  along  its  posterior  border  by  a  fascial  expansion  which  ciouuects  tlie 
idon  with  the  popliteal  fascia. 
The  long  head  of  the  biceps  is  concealed  at  its  origin  by  the  gluteus  niaxiiuus 
hnnscle.     In  the  lower  two-thirds  of  the  thigh  it  is  superficially  placed,  with  the 

PitendinoBus  and  semimembranosus  on  its  inner  side.  It  conceals  the  great 
tic  nerve,  the  or^ns  of  the  semimembranosus  and  quadratus  femoris,  the 
actor  magnus,  and  the  short  head  of  the  muscle.     The  united  heads  assist  in 


(origin)^ 


^Obllipuia  fKlPrtuiK  atxioniinis 


Tenhi  n'  fasciif  fiMiioris 


.rfcortus  (origin) 


tiruiLuii'inhimucKiiji  (arljsiii} 
BlcciiH  ftiHJ  iwnitietidJurMiu  (iirl£rlii>. 


Adduetcir  hi;i:|;iiTi!*  (urji^hi) 


QiiQilmttiFi  fi'TiLiirirt  (oiijiiii) 

Ot)tntat!4  rxlirlius  («>li>;ili) 


Fk;.  290. — MustxE- Attach. MKXT?»  to  the  Doksim  lui  and  Tcbku  Ischii. 

foniiing  the  outer  boundary  of  the  popliteal  space,  and  ]jartially  conceal  the  outer 
htuil  of  the  gastrocnemius. 

The  short  head  may  l^e  al)sent :  there  may  be  an  additional  origin  fn»ni  the 
ischium  or  femur;  and  the  long  head  may  send  a  slip  to  the  gjistrocnemius  or 
teudo  Achilhs  (tensor  fascis  soralis). 

The  semitendinosus  arises,  in  conmion  with  the  long  head  of  thc^  biceps,  from 
the  lower  and  inner  facet  upon  the  ischial  tuberosity  (Fig.  285,  p.  3Gi)).  Separat- 
ing from  the  common  tendon  after  a  course  of  two  or  three  inches,  the  niuscjle 
forms  a  long,  narrow  band  which  becomes  tendinous  in  the  middle  tliird  of  the 
thigh.  Passing  over  the  inner  side  of  the  knee  it  spreads  out  and  becomes 
membranous,  and  is  inserted  (1)  into  the  inner  side  of  tlie  shaft  of  the  til)ia  just 
below  the  internal  tuberosity,  below  the  gnicilis  and  behind  the  sartorius  (Fig. 
'21»2,  p.  374),  and  (2)  into  the  fascia  lata  of  tlie  leg.  A  bursa  separates  it  from 
the  sartorius  in  front,  and  anotlier,  common  to  it  and  the  gracihs,  lies  beneath  its 
insertion. 

The  origin  of  the  muscle  is  concealed  by  the  gluteus  maximus.  In  the  back 
ol'the  thigh  it  is  superficial  to  the  sominicnibranosus;  and  at  the  inner  side  of  the 
knee  the  tendon  lies  behind  that  of  the  gracilis,  and  also  behind  the  sartorius.  It 
forms  one  of  the  inner  boundaries  of  tlie  popliteal  space.  The  belly  of  the  muscle 
is  marked  by  an  obligue  siytal  tendinous  intersection  about  its  midd\e. 
2ra 
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The  semimembranosus  arises  by  a  tendon  from  the  upper  and  outer  fat 
the  ischial  tuberosity  (Figs.  282,  p.  366,  and  285,  p.  369).     In  the  upper 

of  the  thigh  the  tendon  gives 
to  ^  rounded  fleshy  belly,  i 
becoming  tendinous  at  the  h 
the  knee,  is  inserted  mainl} 
the  horizontal  groove  on  the 
of  the  inner  tul)erosity  o 
tibia,  and  into  a  triaiigulai 
below  the  hinder  end  of  the  g 
and  above  the  insertion  c 
popliteus  fFigs.  292,  p.  37- 
299,  p.  383).  A  bursa  lies  U 
the  tendon  at  its  insertion, 
three  additionitl  memhrano\ 
sertions :  (1)  a  fascial  l)and  e: 
downwards  and  inwards  to  jc 
posterior  border  of  the  in 
lateral  ligament  of  the  knee 
(2)  another  fascial  band  e 
downwards  and  outwards, 
the   fascia  covering   the  po] 


aplAaii 


l^nTruATOit 

^}J41'P:ilNl'H  AND 

'maiUMis 


ADDlCTOfl   M4 


SRMITGHClMUill'H 


M  RM I  MEM  PRAVOI Fil^ 


Bit  ftrriOollg 


8 A  liT(  >R  I  la  ivirXkON  ^ 


Fio.  291.— Thk  Muscles  on  the  Back  of  thk  Thigh. 


Fi<i.  292.— Mrsci.K- Attachments  to  • 
Side  of  the  Upper  Part  op  the 


muscle  (popliteuH  fjisciaj,  and  is  attached  to  the  oblique  line  of  the  tibia 
(3)  a  third  strong  hand  extends  upwards  and  outwards  to  the  back  of  the  ex 
condyle  of  the  femur,  forming  the  ]X)sterior  ligament  of  the  knee-joint. 

The  tendon  of  origin  of  the  semimembranosus  is  concealed  by  the  g 
maximus,  and  immediately  Ijeyond  the  ischium  it  is  grooved  l»y  the  common 
of  the  long  head  of  the  biceps  and  semitendinosus.     In  the  back  of  the  thig 
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■ed  by  the  semitendinosus,  ant'  lies  upon  the  adductor  magnus  and  great 
ic  nerve.  It  forms  part  of  the  inner  boundary  of  the  popliteal  space,  and 
jals  the  popliteal  vessels.  Its  tendon  passes  over  the  inner  head  of  the 
ocnemius  on  its  way  to  its  insertion. 


Nbrve-Supply  of  the  Muscles  of  the  Thigh  and  Buttock. 
he  innervation  of  the  muficles  described  above  is  given  in  the  following  table  :- 


Miuclet. 


Nerves. 


Origin. 


Pectineufl . 

Sartorius . 

Iliacus 

Psoas 

Quadricejjs  extensor 

Vastus  extemus 

Rectus  fenioris . 

Crureus    . 

Vastus  internus 
Tensor  fascia;  fenioris 
(Gluteus  minimus 
Gluteus  medius 
Gluteus  maximus 
Biceps  (short  head) 
Pyriformis 
Adductor  longus 
Gracilis   . 
Adductor  brevis 
Obturator  extemus . 

Adductor  magnus 

Semimembranosus 
Seniitendinosus 
Bit'ei>s  (long  head) 
Qiwaratus    femoris 

gemellus 
Sui>erior   gemelliLs 

intemiis 


Anterior  crural 


I  rSuperior  gluteal 

Inferior  gluteal 
Peroneal 
Sacral  plexus 


-Obturator 

I J 

I  Obturator 
'\  Nerve  to  hamstrings 


and     inferior 
and   obturator 


!  -Nerve  to  hamstrings 
Sacral  jjIoxus 


J" 


!     L.  2.  3. 


L.  2.  3. 
L.  2.  3.  4. 
L.  2.  3.  4. 
'  I     L.  3.  4. 

i  II.  3.  4. 
L.  4.  5.  S.  1. 


L.  5.  S.  1.  2. 
L.  5.  S.  1.  2. 
S.  1.  2. 
L.  2.  3. 
L.  2.  3.  4. 
L.3.  4. 
L.  3.  4. 
L.  3.  4. 
L.  4.  5.  S.  1. 
L.  4.  5.  S.  1. 
L.  5.  S.  1.  2. 
S.  1.  2.  3. 
L.  4.  5.  S.  1. 


1 1 


S.  1.  2.  3. 


Action  of  thk  Muscles  of  thk  Thkjh  and  Buttock. 

M(>»t  of  the  alx>ve  muscles  act  on  the  pelvis  and  im  the  hip-  and  knee-joints.  The  p.soas 
I'l-Mlr  in  adilition  assists  in  tlie  movements  of  the  vertebral  colunin  (p.  398). 

1.  Movements  at  the  Hip-Joint. — The  movements  of  the  thigh  at  tlie  liip-joint  are  flexion 
I'l  extension,  adduction  and  alxluction,  internal  and  exti-rnal  rotation.  The  foUowing  table 
vt-^  tlie  muscles  ])roducing  these  movements  : — 


a.  Flexion 


Extension. 


Sart'^>riiis 

Iliacus 

Psoas 

Ke(^tus  femoris 

Pectineus 

Adductor  longus 

Gracilis 

Obturator  extern  us 


Gluteus  niaxinins 
„         medius 
„         minimus 
Biceps 

Semitendinosus 
Semimembranosus 
Adductor  magnus 


27  h 
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b.  Adduction      and      AbductioiL 

Pectineiis 

Tensor  fasci®  femoris 

Adductor  longiis 

Gluteus  medius 

„        brevis 

Gluteus  minimus 

magnus 

Obturator  extemus 

Gracilis 

Pvriformis                ^ 

Quadratus  femoris 

Obturator  intemus 

Gluteus  maximus 

Gemelli 

during 

(lower  fibres) 

Sartorius 
Gluteus  maximus 

flexion 

(upper  fibres) 

Tensor  fascioe  femoris 

Obturator  extemus 

Gluteus  niedius  (anterior  fibres) 

Gluteus  maximus  (lower  fibres) 

„        minimus      „ 

Quadratus  femoris 

Gluteus  medius      1  (posterior 
„       minimus  /fibres) 

Pvriformis                \  durinff 
Obturator  intemus   L^*««?;«« 
Gemelli                    /extension 

Sartorius 

Ilio-poas 

Pectiueus 

Adductor  longus 

„        brevis 

„        magnus 

Biceps  flexor  cruris 

2.  Movements  of  the  Pelvis  on  the  Thigh.— It  is  to  be  noted  that  the  several  mo 
tabulated  above  refer  to  the  movements  of  the  femur  at  the  hip-Joint  The  contractio 
same  groups  of  muscles  produces  similar  movements  of  the  pelvis  on  the  femur,  exem; 
the  various  changes  in  the  attitude  of  the  pelvis  in  relation  to  the  thigh  and  the  \ 
column,  which  occur  in  locomotion. 

3.  Movements  at  the  Knee-Joint. — The  movements  at  the  knee-joint  are  mainl' 
and  extension.  Flexion  is  much  more  powerful  than  extension.  There  is  also  a  limited! 
of  rotation  of  the  tibia.  The  movements  are  produced  by  certain  of  the  muscles  describe 
associated  with  certain  of  the  muscles  of  the  leg. 


a.  Flexion      and      Extension. 


b.  Rotation  inwards  and  Rotation  ontw 


Sartorius 

Gracilis 

Semitendinosus 

Semimembranosus 

Bicejw 

Gastrocnemius 

Plantaris 

Popliteus 


Quadriceps  extensor 


Sartorius 

Gracilis 

Semitendinosus 

SemimembranoeiLs 

Popliteus 


Biceps  flexor  c: 


THE  FASCIA  AND  MUSCLES  OF  THE  LEG  AND  FOOT. 

FASCLF.. 

The  superficial  fascia  of  the  leg  presents  no  special  features  except 
sole,  where  it  is  greatly  thickened  by  pads  of  fat,  particularly  under  the  tub 
of  the  OS  calcis,  and  under  the  balls  of  the  toes.     It  is  closely  adherent 
plantar  fascia,  especially  at  the  roots  of  the  toes. 

The  deep  fascia  has  numerous  important  attachments  about  the 
Posteriorly  it  forms  the  popliteal  fascia,  and  is  joined  by  expansions  frc 
tendons  of  the  sartorius,  gracilis,  semitendinosus,  and  biceps  muscles.  In  f 
the  knee  it  is  attached  to  the  patella,  the  ligamentum  patellar,  and  the  tulx 


THE  FASCIiE  AND  MUSCLES  OF  THE  LEG  AND  FOOT.       377 


EXTENSOK  FBOPRICD  RALLCTCI^. 

Anterior  Ubial  Jifirw  and 
dfn-saliA  ]*eiUft  i4rtt!r>' 
Extensor  u't^dOLrs  utaiTniiu] 


PCRUNKCa  nuTiuj 


bia ;  laterally  it  is  connected  to  the  tuberosities  of  the  tibia  and  the  head  of 
)ula,  and  forms  the  lateral  patellar  ligamentB,  broad  fascial  bands  which  pass 
ely  from  the  sides  of  the  patella  to  the  tuberosities  of  the  tibia,  and  are  joined 
res  of  the  vasti  muscles.  Passing  down  the  leg,  the  fascia  blends  over  the 
surface  of  the  tibia  with  the  periosteum  of  the  bone.  It  extends  round 
Iter  side  of  the  leg  from  the  anterior  to  the  internal  border  of  the  tibia, 
Lg  together  and  giving  origin  to  the  muscles,  and  gaining  an  attachment  to 
wer  part  of  the  shaft  of  the  fibula.  Two  septa  pass  from  its  deep  surface ; 
jptuui,  attached  to  the  anterior  border  of  the  fibula,  encloses  the  musculo- 
30U8  nerve,  and  separates  the  extensor  from  the  peronei  muscles.  The  other 
n  is  attached  to  the  posterior  border  of  the  fibula,  and  separates  the  peronei 
:.he  flexor  muscles.  From  the  last-named  septum  another  extends  across  the 
:»f  the  leg,  forms  a  partition  between  the  superficial  and  deep  flexor  muscles, 
ncloses  the  posterior  tibial  vessels  and  nerves.  It  gives  rise  to  a  subordinate 
a  attached  to  the  vertical  line  of  the  tibia  and  the  oblique  line  of  the  fibula, 
separate  the 
lisposticus 
e  from  the 
3  of  the  toes 
her  side. 
t;  the  ankle 
eep  fascia  is 
;thened  by 
onal  trans- 
fibres;  it  is 
:hed  to  the 
oli  and  the  os 
,  and  gives 
3  the  annular 
ants. 

he  internal 
lar  ligament 
hes  between 
Dternal  mal- 
lS  and  the 
osity  of  the 
Icis.  While  *''«• 
continuous  at 

>per  border  with  the  general  investment  of  the  deep  fascia  of  the  leg,  it  is 
y  formed  by  the  septal  layer  covering  the  deep  muscles  on  the  back  of  tlie 
It  sometimes  gives  insertion  to  the  plantaris  muscle.  It  is  continuous  below 
the  plantar  fascia,  and  gives  origin  to  the  abductor  hallucis  muscle.  It  is 
?d  by  the  calcanean  vessels  and  nerve.  Along  with  the  posterior  tibial  vessels 
lerve,  the  tendons  of  the  tibialis  posticus,  flexor  longus  digitorum,  and  flexor 
s  hallucis,  pass  beneath  it,  each  enclosed  in  a  separate  synovial  sheath, 
he  external  annular  ligament,  much  smaller,  is  a  thickened  band  of  tlie 
fascia  stretching  between  the  external  malleolus  and  the  os  calcis.  It  binds 
the  tendons  of  the  peronei,  which  occupy  a  space  beneath  the  ligament,  lined 
aingle  synovial  membrane. 

fie  anterior  annular  ligament  is  in  two  parts.  An  upper  band,  broad  and 
ined  at  its  upper  and  lower  borders,  stretches  across  the  front  of  the  ankle 
ten  the  two  malleoli  This  band  binds  down  to  tlie  lower  end  of  the  tibia 
mdons  of  the  tibialis  auticus  and  extensor  muscles  of  the  toes.  One  synovial 
\i  is  found  beneath  it,  surrounding  the  tendon  of  the  tibialis  auticus. 
Q  the  dorsum  of  the  foot,  where  the  general  covering  of  deep  fascia  is  much 
er,  a  special  well-defined  ])and  stretches  over  the  extensor  tendons.  This 
band  of  the  anterior  annular  ligament  (fundiforin  or  lainbdoid  ligament)  has 
achment  externally  to  the  outer  border  of  the  greater  process  of  the  os  Ciilcis. 
idea  into  two  bands  as  it  passes  inwards  over  the  dorsum  of  the  loot — ^?^\\ 


FibuU 

Iiit^roaaeouii  cAtcan™- 
Mtrajfaloid;  lignint^iit 


Pf.ron£v»  brkvis 


External  animliir  llj(*m«nt 


ABDUCTOB  MtMtUI  DiniTI 

Plantar  &Kia- 


Antnrior  nnnuUr  ISgament 

Tl«tJlL[9  AKTJCTJfi 


Astrmgaliii 


Tibia  LTe  po8Tk;d8 

Tiiturnal  annular 
llgampnt 

Fi^KXuR  LO?inr;B 

[titE'riihl  [ilantJir  artery 
UTtiJil  plftiitur  nerve 

KOn  LONOI^i^  tiAl.Lt'C'IS 
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293. — Coronal  Section  through  the  lei-tp  Ankle-Joint,  Astragalus, 
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upper  part,  wliich  joins  the  upper  ligament  and  is  attached  to  the  internal  mi 
and  a  lower  part,  which  passes  across  the  dorsum  of  the  foot,  and  joins  the  fi 
the  sole  at  its  inner  border.     Beneath  this  ligament  are  three  special  compartnMi 
with  separate  synovial  sacs,  one  for  the  tibialis  anticus  tendon,  a  second  for  tk 
of  the  extensor  proprius  hallucis,  and  a  third  for  the  extensor  longus  digiUn 
and  peroneus  tertius  tendons.     There  are  occasionally  other  additional  bandi 
the  deep  fascia  passing  like  the  straps  of  a  sandal  across  the  dorsum  of  the  foot  1 
The  plantar  fascia  is  of  great  importance.     In  the  centre  of  the  sole  it  fonj 
a  thick  triangular  band,  attached  posteriorly  to  the  tuberosity  of  the  os  calcia.   I 
spreads  out  anteriorly  and  separates  into  five  slips,  which  are  directed  forwards  I 
the  bases  of  the  toes.     These  slips  as  they  separate  are  joined  together  by  ill-defiu 
bands  of  transverse  fibres,  which  constitute  the  superficial  transverse  metatm 
ligament.      The  slip  for  each  toe  joins  the  tissue  of  the  web  of  the  toe  and  i 

continuous  with  the  digiti 
sheath.  It  splits  to  form 
band  of  fibres  directed  forward 
on  each  side  of  the  toe  to  1 
attached  to  the  sides  of  d 
metatarso-phalangeal  articnli 
tion  and  the  base  of  the  fin 
phalanx. 

This  central  portion  of  d 

plantar   fascia  assists  in  pn 

serving  the  arch  of  the  foot,  I 

I  Bninehefl  of  external  drawing  the   toes  and  the  1 

" ""         •"  calcis  together. 

On  each  side  it  is  continuoi 
with  a  much  thinner  laji 
which  covers  the  lateral  musdi 
of  the  sole,  and  joins  the  baa 
of  the  dorsum  of  the  foot  ( 
each  ])order.  It  also  gives  rii 
to  intenuuscular  septa,  whic 
pass  upwards  on  each  side 
the  flexor  brevis  digitonii 
enclosing  that  muscle  in 
separate  sheath,  and  givii 
investments  on  either  side 
the  abductor  muscles  of  t 
great  and  little  toes.  At  t 
outer  border  of  the  foot  the  calcaneo-metatarsal  ligament,  a  thickened  band  of  t 
fascia,  connects  the  tuberosity  of  the  os  calcis  with  the  base  of  the  fifth  metatar 
bone. 

The  digital  sheaths,  though  smaller,  are  the  same  in  arrangement  as  those 
the  fingers.  Vaginal  ligaments  are  present  in  relation  to  the  first  and  secc 
phalanges. 

THE   MUSCLES   OF   THE   LEG   AND   FOOT. 

The  muscles  of  the  leg  and  foot  are  divisible  into  three  series:  (1)  the  exten 
muscles  on  the  front  of  the  leg  and  dorsum  of  the  foot ;  (2)  the  peronei  on 
outer  side  of  the  leg ;  and  (3)  the  flexor  muscles  on  the  back  of  the  leg  and  in 
sole  of  the  foot. 


Branches  of  internal 
plantar  nerve 


Inner  portion 
plantar  fasc 

T1»ick  central  portici 

of  plantju*  faar 

Inner  pf>rtion  ■ 

planUr  flMc 


i  onnective  tiHxue  and 
fat  in  Uie  web  of  the 

Siiperflcial  transrerfle 
LJietatamal  ligament 


I  plantar  nerve 


1  mt^r  portion  of 
jjlantar  fascia 

I i ranches  of  extenial 
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Fio.  294.— The  Plantar  Fascia  and  Plantar  Cutaneous 

NBRVE8. 


The  Muscles  on  the  Front  of  the  Leg  and  Dorsum  of  the  Foot. 

The  muscles  on  the  front  of  the  leg  and  dorsum  of  the  foot  include  two  grou 
(1)  on  the  front  of  the  leg.  the  tibialis  anticus,  long  extensors  of  the  toes  i 
peroneus  tertius ;  and  (2)  on  the  dorsum  of  the  foot,  tlie  extensor  brevis  digiton 

The  tibialis  anticus  (m.  tibialis  anterior)  arises  by  fleshy  fibres  from  the  ou 
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ity  and  the  upper  two-thirds  of  the  outer  surface  of  the  shaft  of  the  tibia, 
16  interosseous  membrane,  from  the  fascia  over  it,  and  from  an  inter- 
ir  septum  externally.  The  muscle  ends  in  a  strong  tendon  which  passes 
e  dorsum  of  the  foot,  to  be  inserted  into  a  facet  on  the  anterior  and  inferior 
the  inner  surface  of  the  internal  cuneiform  and  the  adjacent  inner  side  of 
?  of  the  first  metatarsal  bone  (Fig.  295,  p.  379). 
muscle  is  superficially  placed  along  the  outer  side  and  front  of  the  tibia, 
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Flo.  '29f». — Muscle-Attachments  to  Taiwus  and  Metatarsus  (Plantar  Aspect). 

.1  to  the  long  extensors  of  the  toes  jind  the  anterior  tii)ial  vessels  and  nerve, 
(inn  occupies  special  compartments  beneath  both  upper  and  lower  parts  of 
lerior  annular  ligament,  encloseil  in  a  separate,  single,  synovial  sac. 

tibio-fascialis  anticus  is  a  separat«'l  j»orlionof  the  muscle  occasionally  present,  inserted 
fa-iia  on  tlie  dorsum  of  tlie  foot. 

5  extensor  longus  digitorum  arises  by  tieshy  fibres  from  the  outer  side  of 
terual  tuberosity  of  the  til)ia,  from  the  upper  two-thirds  or  more  of  the 
r  surface  of  the  shaft  of  the  fibula,  from  the  fascia  over  it,  and  from  inter- 
ar  septa  on  either  side.  It  gives  rise  to  a  tendon  which  passes  beneath  the 
r  annular  ligament,  and  in  front  of  the  ankle  subdivides  into  four  tendons, 
I  into  the  lour  outer  toes,  exactly  in  the  same  way  as  the  corresponding 
}  in   the   hand  (see  p.  347j.     They   form  membranous  expauviioii^  ow  \)cv^ 
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dorsum  of  the  first  phalanx,  joined  by  the  tendons  of  the  extensor  brevis  digit 

lumbricales,  and  interossei,  which  separate  into  one  central  and  two  latera! 

attached  respectively  to  the  middle  and  terminal  phalangea 

The  muscle  is  superficial,  and  is  placed  external  to  the  tibialis  anticu 

extensor  proprius  hallucis,  and  internal  to  the  peronei  muscles.     The  mi 

cutaneous  nerve  is  on  its  outer  side.  I 
ceals  the  anterior  tibial  vessels  and 
The  tendon  occupies  a  separate  compai 
along  with  the  peroneus  tertius  benea 
lower  part  of  the  anterior  annular  ligj 
invested  by  a  special  synovial  membran 
The  peroneus  tertius  is  a  sep 
portion  of  the  extensor  longus  digi 
It  is  an  essentially  human  muscle.  It 
(inseparably  from  the  extensor  longw 
torum)  from  the  lower  part  of  the  ai 
surface  of  the  fibula,  from  the  inten 
membrane, and  from  the  intermusculars 
external  to  it.  The  tendon  of  the  mu 
inserted  into  the  dorsal  aspect  of  the  1 
the  fifth  metatarsal  bone.  It  aceom 
the  extensor  longus  digitorum  beneat 
anterior  annular  ligament,  and  lies  e) 
to  the  tendons  of  that  muscle  on  the  (J 
of  the  foot. 

The  extensor  proprius  hallucis  x 
(m.  extensor  hallucis  longus)  arises  by 
fibres  from  the  front  of  the  fibula 
middle  three-fifths,  internal  to  the  ori 
the  extensor  longus  digitorum,  and 
corresponding  extent  from  the  inten 
membrane.  Its  tendon  jjasses  over  the  c 
of  the  foot,  to  be  inserted  into  the  I 
the  terminal  phalanx  of  the  great  tc 
the  leg  the  muscle  is  deeply  placed  b 
the  tibialis  anticus  and  extensor  longui 
torum.  It  conceals  the  anterior  tibial 
and  nerve,  and  crosses  the  termination 
anterior  tibial  artery  in  front  of  the 
joint:  It  is  invested  by  a  special  s] 
sac  as  it  lies  beneath  the  lower  part 
anterior  annular  ligament.  On  the  dor 
the  foot  the  tendon  is  placed  on  the  inn 
of  the  dorsalis  \^dh  artery.  . 

The  extensor   longns   primi   interna 
extensor  ossis  metatarsi  hallncis  are  o< 

separate  sHps  of  this  iiiiiscle  inserted  into  tl 
of  the  great  toe.  , 

The  extensor  brevis  digitorum  ai 

the  dorsum  of  the  foot  by  short  tei 
and  fleshy  fibres  from  a  special  imprest 
the  upper  surface  of  the  greater  process 
OS  calcis,  and  from  the  deep  surface  of  the  lower  band  of  the  anterior  e 
ligament. 

It  usually  gives  rise  to  four  fleshy  bellies,  from  which  narrow  tendc 
directed  forwards  and  inwards,  to.be  inserted  into  the  four  inner  toes.  .  Th 
outer  tendons  join  those  of  the  long  extensor  muscle  to  form  the  meml 
expansions  on  the  dorsum  of  the  toes.  The  innermost  tendon  is  inserted  sep 
into  the  base  of  the  first  phalanx  of  the  great  toe. 
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Fio.  296. — McscLES  of  the  Front  of  thb 
KuiHT  Leo  and  Dorsum  of  the  Foot. 
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rhe  muscle  is  covered  by  the  lower  band  of  the  anterior  annular  ligament,  and 
he  tendons  of  the  extensor  longus  digitorum  and  peroneus  tertius ;  the  slip 
16  muscle  passing  to  the  great  toe  crosses  over  the  dorsalis  pedis  artery. 


The  Muscles  on  the  Outer  Side  of  the  Leg. 


-longus 


Adductor  oBLigrus  iiallucis 


rhe  muscles  on   the   outer  side  of  the   leg  comprise   the   peronei 

brevis. 

rhe  peroneus  longus  arises  by  fleshy  fibres  from  the  head  and  the  upper 

thirds  of  the  outer  surface  of  the  shaft  of  the  fibula,  from  intermuscular  septa 

ither  side,  and  from  the  fascia  over  it.     It  forms  a  stout  tendon,  which  hooks 

id  the  external  malleolus,  crosses  the  outer  side  of  the  os  calcis,  and  passing 

ugh  the  groove  on  the  cuboid  lx)ne,  is  directed  across  the  sole  of  the  foot  to  be 

itcd  into  the  outer  sides  of  the  internal  cuneiform  and  the  base  of  the  first  meta- 

ftl  bones  (Fig.  295,  p.  379).     The  muscle  is  placed  superficially  in  the  leg,  and 

paiated  by  intermuscular  septa  from  the 

nsor  longus  digitorum  and  peroneus  brevis 

ront,  and  the  soleus  and  flexor  longus 

iicis   behind.     It  jmrtially  conceals   the 

neus  brevis,  along  with  which  it  passes 

?ath  the  external  annular  ligament,  in- 

ed  by  a  common  synovial  sheath.     As  it 

^rs  the  sole  of  the  foot  a  Jibro-cartilage 

»rmed  in  the  tendon,  which  plays  over  a 

oth  tubercle  on  the  cuboid  bone,  a  bursa 

r\'ening.     In  its  passage  across  the  foot 

tendon  is  enclosed  in  a  fibrous  sheath 
ved  from  the  inferior  calcaneo-cuboid 
ments  and  the  tibialis  posticus  tendon, 

is  concealed  by  the  first  three  layers  of 
muscles  of  the  sole. 

The  peroneus  brevis  arises  by  fleshy  fibres 
u  the  lower  two-thirds  of  the  outer  surface 
he  shaft  of  the  fibula,  and  from  an  inter- 
3cular  septum  along  its  anterior  l>order. 

tendon  passes  over  the  back  of  the  ex- 
lal  malleolus  and  the  outer  side  of  the  os 
to  be  inserted  into  tlje  tubercle  and 
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Vir..  297. — The  Insektions  of  the  Pehonecs 
Lon<;t;s  and  Tibfalis  Postious  Muscles 
IN  THE  Sole  of  the  Rkjht  Foot. 


Sill  surface*  of  the  base  of  the  fifth  meta- 

?al  bone.     In  the  leg  the  peroneus  brevis 

l»ehind  the  extensor  longus  digitorum  and 

imeus  tertius,  and  in  front  of  the  peroneus  longus,  which  partially  overlaps  it. 

i  tendon  lies  directly  behind  the  external  malleolus  beneath  the  external  annular 

ment,  invested  by  a  synovial  sheath  common  to  it  and  the  Y)eroneus  longus. 

riu;  p<?rrmeus  longus  and  brevis  may  Ik*  fused  togellicr,  or  additional  hHj)?  may  be  ])resent,  as 
neus  accessorius,  peroneus  qainti  digiti,  peroneo-calcaneas  externus,  and  peroneo-cuboideus. 


The  Muscles  on  the  IUck  of  the  Leg. 

The  muscles  on  the  back  of  the  leg  are  divisilde  into  two  layers:  (1)  a 
srflcial  set,  consisting  of  the  gastrocueinius  and  soleus  (the  so-called  triceps 
s^jle  of  the  leg),  and  the  plantaris  ;  and  (2)  a  deep  set,  consisting  of  the  popliteus, 
or  longus  digitorum,  tibialis  ]  osticus,  aiul  fiexor  longus  hallucis. 
The  gastrocnemius  arises  by  ttnt  hfads,  iuner  and  outer,  by  means  of  strong 
Ions  which  are  prolonged  over  the  surface  of  the  muscle.  The  outer  head  arises 
11  an  impression  on  the  up])er  and  ])()slcri()r  part  of  the  outer  surface  of  the 
-Tnal  condyle,  and  from  the  lower  end  of  the  external  supra-condyloid  ridge  ; 
le  the  inner  head  arises  from  a  prominent  rough  mark  on  the  popliteal  space  of 
femur  above  the  internal  coiidvlo  and  from  the  surface?  lu^tweeu  that  and  \»Vv^ 
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adductor  tubercle.  Each  head  has  an  additional  origin  from  the  back  c 
capsule  of  the  knee-joint.  A  bursa  lies  beneath  each  tendon  of  origin.  Each 
belly  of  the  muscle  is  inserted  into  a  broad  membranous  tendon,  prolonged  up 
on  its  deep  surface  for  some  distance.     The  inner  he*id  is  the  larger. 

The  tendo  Achillis  is  formed  by  the  union  of  the  two  membranous  inse 
of  the  bellies  of  the  gastrocnemius.  Prolonged  upwards  beneath  the  sej 
bellies,  the  tendon  foriiis  a  broad  membranous  band  connecting  together  the 

parts  of  the  two  bellies.  Narr 
gradually,  and  becoming  thick 
the  lower  half  of  the  leg,  the  t 
is  finally  inserted  into  the  interm 
surface  on  the  posterior  aspect  < 
OS  calcis.  A  bursa  lies  b^neal 
tendon  at  its  insertion.  The 
Achillis  also  afTords  insertion  i 
soleus  and  (sometimes)  the  pk 
muscles. 

The  gastrocnemius  is  supc 
except  at  its  origin.  The  innei 
is  concealed  by  the  semitend 
and  semimembranosus  musclef 
partially  covers  the  popliteal  ' 
and  the  tibial  nerve  in  the  lowe 
of  their  course.  It  forms  part 
inner  l)oundary  of  the  popliteal 
The  outer  head  is  concealed  pa 
by  the  biceps  tendon  and  the  pe 
nerve,  and  covers  the  plantaris  n 
the  popliteal  vessels,  and  the 
nerve.  It  forms  part  of  the 
boundary  of  the  popliteal  space, 
two  bellies  are  for  the  most  p 
close  contact,  the  external  sapl 
vein  occupying  the  interval  be 
them  The  tendo  Achillis  i 
lower  half  of  the  leg  partially  cc 
the  soleus  and  the  deeper  m 
The  plantaris  tendon  lies  aloi 
inner  border. 

The  plantaris  arises  by 
fibres  from  the  external  supr 
dyloid  ridge  of  the  femur  for  ab 
inch  at  its  lower  end,  from  the  ac 
part  of  the  popliteal  space  of  the 
and  from  the  posterior  ligament 
knee-joint.  It  forms  a  narrow 
slip  which  ends  in  a  tendon  ext 
down  the  back  of  the  leg,  to  be  ij 
into  the  inner  side  of  the  tub 
of  the  OS  calcis,  or  the  tendo  A 
or  r.he  internal  annular  ligament.  The  tendon  of  the  muscle  is  capable  c 
siderable  lateral  extension.  The  plantaris  lies  l>etween  the  outer  head 
gastrocnemius  and  the  soleus,  and  crosses  the  ix)pliteal  vessels  and  the 
nerve.  In  the  lower  half  of  the  leg  its  tendon  lies  along  the  inner  border 
tendo  Achillis.     The  muscle  is  not  always  present. 

The  soleus  has  a  triple  origin  by  means  of  short  tendinous  and  fleshy 
(1)  from  the  posterior  surface  of  the  head  and  the  shaft  of  the  fibula  in  its 
third ;  (2)  from  a  fibrous  arch  stretching  over  the  popliteal  vessels  and  tibia] 
between  the  tibia  and  fibula ;  and  (3)  from  the  oblique  line  and  middle  tl 
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298. — The  Soleus  Muscle. 
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x  border  of  the  tibia  (Fig.  299,  p.  383).  From  this  origin  the  upper 
r  fibres  are  directed  downwards  to  join  a  tendon  placed  on  the  superficial 
f  the  muscle,  which  is  inserted  into  the  tendo  Achillis ;  the  lower  fibres 
'ted  directly  into  the  tendo  Achillis  to  within  one  or  two  inches  of  the  os 

calcis. 

The  muscle  is  concealed  by  the  gastro- 
cnemius, plantaris,  and  tendo  Achillis  in 
nearly  its  whole  extent.  It  is  partially 
superficial  on  each  side  of  the  gastrocnemius 
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Frj.  300. — The  Deep  Miscles  on  the  Back  of 
THE  Left  Leo. 


do  Achillis.  The  muscle  covers  the  tibialis  posticus  and  the  flexor  muscles 
oes  as  well  as  the  posterior  tibial  vessels  and  nerve. 

deep  muscles  of  the  back  of  the  leg  comprise  the  popliteus,  the  long  flexors 
oes,  and  the  tibialis  posticus. 

popliteus  is  deeply  placed  behind  the  knee.  It  arises  by  a  stout  tendon 
rough  impression  in  front  of  a  groove  on  the  outer  aspect  of  the  ex^teiiiScV 
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condyle  of  the  femur.  This  tendon  passes  between  the  external  semilunar  ca 
and  the  capsule  of  the  knee-joint,  and  pierces  the  posterior  ligament,  from 
it  takes  an  additional  tiesliy  origin.  A  bursa  is  placed  beneath  the  tendon, 
communicates  usually  with  the  synovial  cavity  of  the  knee-joint.  The  mu 
.inserted  by  fleshy  fibres  (1)  into  a  triangular  surface  on  the  back  of  the  tibia 
•the  oblique  line  (except  a  small  area  below  the  fibular  facet)  (Fig.  299,  p.  38i 
(2)  into  the  fascia  over  it  (the  popliteus  fascia,  derived  from  the  tendon  of  th( 
membranosus  muscle).  The  popliteus  is  covered  at  its  origin  by  the  capsule 
knee-joint.  Posteriorly  it  is  concealed  by  the  gastrocnemius  and  plantaris  n 
and  by  the  popliteal  vessels  and  the  tibial  nerve.  Its  lower  border  correspc 
the  point  of  bifurcation  of  the  popliteal  artery  and  the  origin  of  the  soleus  n 
The  popliteus  minor  is  a  small  cx^aaional  muscle  attached  to  thepophteal  space  of  th 
and  the  posterior  hgament  of  the  knee-joint.- 

The  flexor  longns  digitorum  occupies  both  the  back  of  the  leg  and  the 
the  foot.  Its  origin  is  by  fleshy  fibres  from  the  posterior  surface  of  the  shaft 
tibia  in  its  middle  three-fifths,  below  the  oblique  line,  and  internal  to  the  i 

line  and  the  origin  of  the 
posticus,  from  the  fascia  ( 
and  from  an  intermuscular  e 
on  each  side  (Fig.  299,  p 
Its  tendon,  after  passing  b 
the  internal  annular  lig 
enters  the  sole  of  the  fcx 
divides  into  four  subordina 
dons,  which  are  inserted  in 
four  outer  toes  in   precisf 

same  manner  as   the   flexo 

LiMBBicALEH  vyumrlBM  W    i  i    El  fundus  digitorum  is  inser 

the  hand.  Each  tendon 
the  digital  sheath  of  the  tc 
forates  the  tendon  of  the 
brevis  digitorum,  and  is  ii 
into  the  base  of  the  te 
phalanx.  Ligamenta  aec 
(longa  and  brevia)  are  pres 
in  the  hand.  Associated 
this  muscle  in  the  sole  of  tl 
are  the  lumbricales  and 
sorius  muscles. 

The  lumbricales  are  fou 
muscles  arising  in  associatio 
the  tendons  of  the  flexor  pro 
digitorum  in  the  sole.  Tl 
muscle  arises  by  a  single  origi 
the  tibial  side  of  the  ten« 
the  flexor  longus  digitorv 
the  second  toe;  the  othei 
arise  by  two  heads  fror 
adjacent  sides  of  all  four  t€ 
Each  muscle  is  inserted  in 
dorsal  expansion  of  the  extensor  tendon,  the  luetatarso-phalangeal  capsul 
the  bfuse  of  the  first  phalanx,  precisely  as  in  the  case  of  the  lumbrical  n 
of  the  hand.  Each  muscle  passes  forwards  on  the  tibial  side  of  the  corresp 
toe,  superficial  to  the  transverse  metatarsal  ligament. 

The  flexor  accessorius  muscle  (m.  quadratus  plantar)  arises  by  two  heac 
the  outer  tendinous  head  springs  from  the  outer  border  of  the  inferior  qurj 
the  08  calcis  and  from  the  outer  l)order  of  the  long  plantar  ligament ;  (2)  the 
head,  which  is  fleshy,  eirises  from  the  concave  inner  surface  of  the  os  calcis 
whole  extent,  and  from  the  inner  border  of  the  long  plantar  ligament  (Fi; 
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-Thb  Muscles  op  thb  Right  Foot  (after 
removal  of  the  first  layer). 
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379).  The  long  plantar  ligament  separates  the  two  origins.  The  two  heads 
ite  to  form  a  flattened  band,  which  is  inserted  into  the  upper  aspect  of  the 
idons  of  the  flexor  longus  digitorum,  and  usually  into  those  destined  for  the 
:ond,  third,  and  fourth  toes. 

7n  tJie  leg  the  flexor  longus  digitorum  lies  at  first  internal  to  the  tibialis 
Bticus,  and  is  partially  concealed  by  the  soleus  and  tendo  Achillis.  Its  tendon 
368es  over  the  tibialis  posticus  above  the  ankle-joint,  passes  beneath  the  internal 
nular  ligament,  invested  by  a  special  synovial  sheath,  aud  below  the  ligament 
osses  the  plantar  or  superficial  surface  of  the  tendon  of  the  flexor  longus  hallucis. 
I  it  passes  over  this  tendon  it  receives  from  it  a  special  band  of  fibres,  usually 
aociated  with  the  tendons  for  the  second  and  third  toes. 

In  the  sole  of  the  foot  the  tendons  of  the  flexor  longus  digitorum,  along  with  the 
mbricales  and  accessorius,  and  the  flexor  longus  hallucis  muscles,  constitute  the 
cond  layer  of  muscles  of  the  sole.  They  are  placed  between  the  abductors  of  the 
eat  and  little  toes  and  the  flexor  brevis  digitorum  on  the  one  hand,  and  the  flexor 
evis  and  adductors  of  the  great  toe  on  the  other. 

The  flexor  longus  hallucis  arises  by  fleshy  fibres  on  the  back  of  the  leg  from 
,e  lower  two-thirds  of  the  posterior  surface  of  the  shaft  of  the  fibula,  from  the 
seia  over  it,  and  from  intermuscular  septa  on  either  side.  Its  tendon  passes 
(neath  the  internal  annular  ligament  enclosed  in  a  special  synovial  sheath,  and 
ter  grooving  the  back  of  the  lower  end  of  the  tibia,  the  astragalus,  and  the  under 
Tface  of  the  sustentaculum  tali  of  the  os  calcis,  it  is  directed  forwards  in  the 
le  of  the  foot,  to  be  inserted  into  the  base  of  the  terminal  phalanx  of  the  great  toe. 

The  muscle  is  partially  concealed  in  the  leg  by  the  soleus  and  tendo  Achillis. 
i  lies  at  its  origin  between  the  tibialis  posticus  and  the  peronei  muscles,  separated 
•om  the  former  by  the  peroneal  artery.  In  the  foot,  concealed  by  the  al)ductor 
dlucis,  it  crosses  over  the  deep  aspect  of  the  tendon  of  the  flexor  longus  digitorum, 
)  which  it  is  connected  by  a  strong  fibrous  band  destined  for  the  tendons  for  the 
3cond  and  third  toes.  At  the  root  of  the  great  toe  the  tendon  occupies  the 
iter>'al  between  the  insertions  of  the  flexor  brevis  hallucis. 

The  tibialis  posticus  muscle  (m.  tibialis  posterior)  has  a  fourfold  fleshy  origin 
1  the  leg.  It  arises  (1)  from  the  upper  four  -  fifths  of  the  shaft  of  the  fibula 
etween  the  oblique  line  and  the  interosseous  border ;  (2)  from  the  lower  part  of 
be  outer  tuberosity  of  the  tibia  and  from  the  upper  two-thirds  of  the  shaft  of  the 
■one  below  the  oblique  line  and  between  the  vertical  line  and  the  interosseous 
order  ( Fig.  299,  p.  ::583) ;  (3)  from  the  interosseous  membrane ;  and  (4)  from  the 
isc-ia  over  it  and  the  septa  on  either  side.  The  muscle  gives  rise  to  a  strong 
endon  which  passes  beneath  the  internal  annular  ligament,  invested  by  a  special 
\iiovial  sheath,  and  grooves  the  back  of  the  internal  malleolus,  on  its  way  to  the 
Quer  Ixirder  of  the  foot.  The  tendon  then  spreads  out  and  is  inserted  l)y  three 
ands  into  (1)  the  tubercle  of  the  navicular  bone  and  the  plantar  surfaces  of  the 
aternal  and  middle  cuneiform  bones,  (2)  the  plantar  tispects  of  the  second, 
hini,  fourth,  and  sometimes  the  fifth  metatarsal  bones,  the  middle  and  external 
unciform  lK)nes,  and  the  groove  on  the  cuboid,  and  (3)  by  a  recurrent  slip 
ato  the  inner  lK)rder  of  the  sustentaculum  taU  of  the  os  calcis  from  which  a 
brous  expansion  passes  outwards  to  join  the  inner  border  of  the  short  plantar 
igament  (Fig.  302,  p.  386). 

In  the  leg  the  tibialis  posticus  is  concealed,  as  it  lies  on  tht^  interosseous  meni- 
rane  between  the  tibia  and  fibula,  by  the  superficial  muscles  and  the  posterior 
ibiil  vessels  and  nerve.  It  lies  between  the  flexor  lon^'us  hallucis  and  flexor 
)d;l:us  di^^itorum,  and  is  crossed  by  the  tendon  of  the  latter  muscle  just  above  the 
nkle.  Just  below  the  knee  between  its  ti))ial  and  fibular  origins  is  an  an»;ular 
|.»ace  through  which  the  anterior  tibial  vessels  pass.  In  the  foot  its  l endon  is 
overe<l  by  the  long  flexor  tendons  and  ])y  the  short  flexor  muscles  of  the  i^'reat  toe. 
.^he  tendon  is  in  contact  with  the  inferior  calcaneo-navicular  ligament  in  the 
utt^rval  Vjetween  the  sustentiiculuni  tali  and  the  navicular  bone. 

The  peroneo-calcaneus  nmsclt^,  when  ])re.s«.-iit,  arises  irom  tin.*  tibula,  and  i.s  inserted  into  the 
c  calcis. 
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The  Muscles  in  the  Sole  of  the  Foot. 

The  muscles  in  the  sole  of  the  foot  are  divisible  into  four  layers  placed  1 

the  plantar  fascia. 

First  layer :  Abductor  hallucis,  flexor  brevis  digitorum,  abductor  minimi  ( 
Second  layer:  Luml)ricales  and  accessorius,  together  with  the  tendons 

flexor  longus  hallucis  and  flexor  longus  digitorum. 


Ab«luort)or  mtnlmi  digit.i 
(ortgiti) 


Long  and  ibrjrt  plftiilAr  jT 


Tibialis  po«tk?n»  (pat  of 


PeronfiDfl  1jn?vi-'( 
(1nfl»'TtiHi!ii 

Flexor  brerlA  njinjnii 
digiti  torigiji) 


Adductor  ohllqnnn 
halludJi  (oriertit) 


FlHior  brevtH  d%iloTtim  (origin) 
Abfluctor  ballud*  (oitgin) 


Alisehm^nU  of 
ija«trfttr  calcaneo- 
tiavtcuUr  ligament 


Flex  iiT  hreviih«llnciii 


iTLbialiH  poAticQH  (part 
of  iMiertion) 


Ubialii  antieoa 
(infcrUonl 


Fk;.  302. — MrHt'LE-ATTACHMENTH  T<)  TARsrs  AND  Metatar.st\s  (Plantar  Anpect). 

Third  layer :  Flexor  brevis  hallucis,  adductors  of  the  great  toe,  and  flexor  breviB 
minimi  digiti. 

Fourth  layer :  Interossei  (plantar  and  dorsal). 

The  abductor  hallucis  has  a  double  origin,  (1)  by  a  short  tendon  from  the  inner 
side  of  the  greater  tubercle  on  the  tul)erosit7  of  the  os  calcis  (Fig.  302,  p.  386), 
and  (2)  by  fleshy  fibres  from  the  internal  annular  ligament,  the  plantar  fascia 
which  covers  it,  and  the  intermuscular  septum  between  it  and  the  flexor  brevis 
digitorum.  Lying  superficially  along  the  inner  border  of  the  sole,  its  tendon  is 
inserted,  along  with  jiart  of  the  flexor  brevis  hallucis,  into  the  inner  side  of  the 
posterior  end  of  the  first  phalanx  of  the  great  toe.  The  muscle  lies  beneath  the 
plantar  fascia,  internal  to  the  flexor  brevis  digitorum,  and  conceals  the  plantar 
vessels  and  nerves,  and  near  its  origin  the  long  flexor  tendons. 

The  flexor  brevis  digitorum  has  likewise  a  double  origin:  (1)  by  a  short 
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cm  the  fore-part  of  the  greater 
>f  the  tuberosity  of  the  os  calcis 
I,  p.  386),  and  (2)  by  fleshy 
in  the  thick  central  part  of  the 
eu)cia  which  covers  it,  and  from 
iniiscular  septa  on  either  side, 
forwards,  it  gives  rise  to  four 
endons,  which  are  inserted  into 
1  phalanges  of  the  four  outer  toes, 
ing  been  perforated,  just  as  in  the 
le  tendons  of  the  flexor  sublimis 
1  of  the  hand,  by  the  long  flexor 
Placed  in  bhe  centre  of  the  sole 
the  plantar  fascia,  and  between 
Jtor  hallucis  and  abductor  minimi 
iiscles,  the  muscle  conceals  the 
.yer  of  muscles  and  the  external 
essels  and  nerve. 

ibductor  niinimi  digiti  (m.  ab- 
igiti  quinti)  has  also  a  double 
L)  by  fleshy  and  tendinous  fibres 
:  fore-part  of  both  tubercles  on 
irosity  of  the  os  calcis,  partly 
I  by  the  flexor  brevis  digitorum 
!,  p.  386),  and  (2)  by  fleshy  fibres 
e   outer  portion   of   the   plantar 


eiALLUCld 
DJOtTORm 


LAIdTAIt  I^^J^CfA 


FlO, 


303.— The  Musclbs  of  thb  Right  Foot 
(after  removal  of  the  plantar  fascia). 


—The  Muscles  of  thb  Huhit  Foot  (after  removal  of  the 
second  layer). 


fascia  and  the  calcaneo- metatarsal  4iga- 
hnmt,  and  froiii  the  intermuscular  septum 
I't^tweeu  it  and  the  flexor  brevis  digitorum. 
Its  tendon  lies  along  the  fifth  metatarsal 
J5oDe,and  is  inserted  by  a  tendon  into  the  outer 
side  of  the  posterior  end  of 
the  first  phalanx  of  the  little 
toe.  The  outermost  fibres 
usually  obtain  an  additional 
insertion  into  the  outer  side 
of  the  ])lantar  surface  of  the 
fifth  metatarsal  hone.  It  lies 
on  the  outer  side  of  the  flexor 
brevis  digitorum,  and  parti- 
ally conceals  the  flexor  brevis 
minimi  digiti. 

The  tendons  of  the  long 
riexors  of  tlie  toes,  the  lumbri- 
cales  and  accessorius  muscles, 
coiistitutiug  the  second  layer 
of  muscles,  have  already  been 
described.  Lyi"g  beneath 
the  abductor  hallucis  and  the 
flexor  brevis  digitorum,  and 
separated  from  U\vim  \>\  \\v^ 


Ai'iHicrna  ouLigrrs 
iMi-Uris 

^'l.hJEtm  HREVIH  HALLICIS 


TjBMLlrt  POSTIt  IS 
KtKXOB  IX>NOrs  HALLICIS 
Kl.F.\iiR  |,oN»;(s  nHHTORKM 
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plantar  vessels  and  nerves,  they  occupy  the  hollow  of  the  tarsus  and  the 
between  the  first  and  fifth  metatarsal  bones ;  their  deep  surfaces  are  in  o 
with  the  adductors  of  the  great  toe  and  the  interossei  muscles. 

The  flexor  brevis  hallucis  arises  by  tendinous  fibres  (1)  from  the  inner  ] 
the  under  surface  of  the  cuboid  bone  (Fig.  302,  p.  386),  and  (2)  from  the  t 
of  the  tibialis  posticus.  Directed  forwards  over  the  first  metatarsal  bon 
muscle  separates  into  two  parts,  between  which  is  the  tendon  of  the  flexor  1 
hallucis.  Each  portion  gives  rise  to  a  tendon  which  is  inserted  into  the 
spending  side  of  the  base  of  the  first  phalanx  of  the  great  toe ;  in  each  V 
under  the  metatarso-phalangeal  articulation,  a  sesamoid  bone  is  developed, 
inner  tendon  is  united  with  the  insertion  of  the  abductor,  the  outer  tendoi 
the  insertions  of  the  adductor  muscles  of  the  great  toe. 

The  addactorobliquus  hallucis  arises  by fleshyandshort  tendinous  fibres  (1 
the  sheath  of  the  peroneus  longus,  and  (2)  from  the  plantar  surfaces  of  the  po 
extremities  of  the  second,  third,  and  fourth  metatarsal  bones  (Fig.  302,  p 
Occupying  the  hollow  of  the  foot,  on  a  deeper  plane  than  the  long  flexor  U 
and  lumbricales,  and  separated  from  the  interossei  by  the  plantar  arch,  it  is 

on  the  outer  side 
flexor  brevis  hallu< 
is  directed  obliqu 
wards  and  forwa 
be  inserted  on  the 
side  of  the  base 
first  phalanx  of  th( 
toe  between  and 
with  the  flexor  bre 
adductor  trans\ 
hallucis.  The  : 
forms  one  side  of 
angular  space  in  t 
through  which  ti 
ternal  plantar 
and  nerve  pass. 

The  adductor 
versus  hallucis 
from  (1)  the  caps 
the  outer  four  metj 
phalangeal  articu 
and  (2)   the  trai 

metatarsal  ligament.  Directed  transversely  inwards,  under  cover  of  the 
tendons  and  lumbricales,  the  muscle  is  inserted,  along  with  the  ad 
obliquus  (from  which  it  is  separated  by  an  angular  interval),  into  the 
side  of  the  base  of  the  first  phalanx  of  the  great  toe. 

The  flexor  brevis  niinimi  digiti  (m.  flexor  brevis  digiti  quinti) 
from  (1)  the  sheath  of  the  peroneus  longus,  and  (2)  the  base  of  tin 
metatarsal  bone  (Fig.  302,  p.  386).  Partially  concealed  by  the  abductor  i 
digiti,  the  muscle  passes  along  the  fifth  metatarsal  bone,  to  be  inserted,  in  c( 
with  that  muscle,  into  the  outer  side  of  the  base  of  the  first  phalanx  of  the  lit 
The  interossei  muscles  of  the  foot  resemble  those  of  the  hand  except 
respect.  In  the  hand  the  line  of  action  of  the  muscles  is  the  middle  line 
middle  finger.  In  the  foot  the  second  toe  is  the  digit  round  which  the  muse 
grouped,  and  their  attachments  and  their  actions  differ  accordingly. 

There  are  four  dorsal  and  three  plantar  muscles,  which  occupy  together  tl 
interosseous  spaces,  and  project  into  the  hollow  of  the  foot. 

The  four  dorscd  miiscles,  one  in  each  interosseous  space,  arise  by  two  hea< 
from  the  shafts  of  the  metatarsal  t)ones.  Each  gives  rise  to  a  tendon,  whicl 
passing  dorsal  to  the  transverse  metatarsal  ligament,  is  inserted  on  the  dorsum 
foot  into  the  side  of  the  first  phalanx,  the  metatarso-phalangeal  capsule,  a: 
dorsal  expansion  of  the  extensor  tendon.     The  Jirst  and  second  muscles  are  ii 


Fio.  805. — I.NTBROssEOOs  Muscles  of  the  Foot. 
A,  Dorsal  muscles  (plantar  aspect) ;  B,  Plantar  muscles  of  the  right  foot. 
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the  second  toe  on  the  tibial  and  fibular  sides  respectively.  The  third  and 
tk  muncles  are  inserted  into  the  third  and  fourth  toes  on  their  fibular  sides. 
The  three  plantar  muscles  occupy  the  three  outer  interosseous  spaces.  Each 
»  by  a  single  head  from  the  tibial  side  of  the  third,  fourth,  and  fifth  metatarsal 
es  respectively.  Each  ends  in  a  tendon  which  passes  dorsal  to  the  transverse 
atarsal  ligament,  and  is  inserted,  in  the  same  manner  as  the  dorsal  muscles,  into 
third,  fourth,  and  fifth  toes  on  their  tibial  side. 


Nkrvk-Supply  op  the  Muscles  of  the  Leo  and  Foot. 


Mnaoles. 

Tibialis  anticus  .  .  .  . 
Exteiujor  proprius  ballucis 
Extensor  longus  digitoruiu 
Peroneiu  tertius  .  .  .  . 
Peroneiis  lougus  .  .  .  . 
Peroneiw  brevis  .  .  .  . 
Extensor  brevis  digitoruin 

Plantaris 

PopUteus 

Qastrocnemiufl        .        .        .        . 

Soleus 

Soleus 

Flexor  longus  digitoruni 
Tibialis  posticus     .        .        .        . 
Flexor  longus  hallucis   . 
AlKluctor  hallucis  .        .        .        . 
Flexor  brevis  dicitoruui 
Flexor  brevis  hallucis    . 
First  lumbricalis    .        .        .        . 
Second,  third,  and  fourth  lumbri- 

cales 

Flexor  accessorius  .        .        .        . 
Adductores  hallucis 

Interossei 

Flexor  brevis  minimi  digit i  . 
Alxiuctor  minimi  digiti 


Nerves. 


Origin. 


)  anterior  tibial    . 

>  musculo-cutaneous 
anterior  tibial    . 

Uibial . 


[.posterior  tibial 


Lintemal  plantar 


external  plantar 


L.  4.  ft.  S.  1. 


JL.  4.  5.  S.  1. 


I) 


S.  1.  2. 


L.5. 
L.  5. 
L.  5. 
L.  5. 


S.  1.  2. 

S.  1. 

S.  1. 

S.  1.  2. 


L.  4.  5.  S.  1. 


S.  1.  2. 


Action  of  the  Muscles  of  the  Leg  and  Foot. 

rhe  muscles  of  the  leg  and  foot  act  chiefly  in  the  movements  of  the  ankle-joint  (a«isiiited  by 

ementii  of  the  iiiter-tarsal  joints) ;  of  the  metatai*so-phalaiigeal  joints  (assisted  by  movements 

he  tars*»o-metatai-sal  and  inter-metatai-sal  joints) ;  and  of  the  inter-phalangeal  joints  of  the 

ral  Uje&, 

I  Tibio-Flbular  Articulations. — The  u])])er  tibio-fibular  articulation  is  only  capable  of 

it  gliding  movement,  occasioned  by  the  action  of  the  biceps  and  popliteus  and  the  muscles 

ng  from  the  fibula 

3.  Movements  at  the  Ankle-Joint. — The  movements  at  the  ankle-joint  are  movt-ments  of 

on  and  extension  of  the  foot  on  the  leg,  along  with  inversion  and  eveifiiion  (<)nly  during 

nsion).     The,se  movements  are  produced  at  the  ankle,  aided  by  movements  in  the  inter-tai-sal 

K  ami  are  t>ccasi<med  by  the  following  muscles  : — 


a.  Flexion. 


l»ialis  anticus 

:tens<)r  communis  digitorum 
:irn?*<,jr  prc>]>rius  hallucis 
rontMLs  tertius 


Extension. 


i  Oa:<trocnemiu.s 

riaiitaris 

SolcuH 

Ti])ialis  ])osticus 
i  Peruucus  longus 

Peroiicus  Ijrevis 

Flexor  lougus  digitorum 

Flexor  lougus  hallucis 


h.  Inversion. 

Tibialis  anticus 
I  Tibialis  posticus 


Eversion. 


I 


Peroneus  tertius 
Peroueus lougus 
Peroncus  bivvis 


2Sa 


390 


THE  MUSCULAR  SYSTEM. 


ni.  Movements  of  the  Toes.— ^4.  At  the  Metatarso-Phalangeal  Joints  (assisted  by  mc 
menta  at  the  tareo-metatareal  and  inter-metataraal  joints). — These  movements  are  flexion  i 
extension,  abduction  and  adduction  (in  a  line  corresponding  to  the  axis  of  the  second  toe). 


a.  Flexion. 


Flexor  longus  digitorum 

Accessorius 

Lumbricales 

Flexor  longus  hallucis 

Flexor  brevis  hallucis 

Flexor  brevis  digitorum 

Flexor  brevis  minimi  digiti  • 

Interoesei 


Ezteuion. 


I  Extensor  longus  digitorum 
Extensor  brevis  digitorum 
Extensor  proprius  hallucis 


b.  Abduction. 


Addnetion. 


{From  and  to  the  middle  line  of  the  second  toe.) 


Abductor  hallucis 
Dorsal  interossei 
Abductor  minimi  digiti 


Adductores  hallucis 
Plantar  interossei 


B.  At  the  inter-phalangeal  joints  the  movements  are  limited  to  flexion  and  extension. 
Flexion.  Extension. 


Flexor  brevis  digitorum  (acting  on  the  first 

joint) 
Flexor  longus    digitorum    (acting    on   both 

joints) 
Flexor  longus  hallucis  (acting  on  the  hallux) 


Extensor  longus  digitorum 

Extensor  brevis  digitorum 

Interossei 

Lumbricales 

Extensor  proprius  hallucis 


(acting  on  h 
joints) 


Movements  of  the  Lower  Limb  generally. 

The  characteristic  features  of  the  lower  limb  are  stabilitv  and  strength,  and  its  muscles 
joints  are  both  subservient  to  the  functions  of  transmission  of  weight  and  of  locomotion.  In 
standing  position  the  centre  of  gravity  of  the  trunk  falls  between  the  heads  of  the  fern 
and  is  located  about  the  middle  of  the  body  of  the  last  lumbar  vertebra.  It  is  transmil 
through  the  bones  of  the  lower  limb  to  the  arch  of  the  foot,  where  the  astragalus  distribute 
backwards  through  the  oe  calcis  to  the  heel,  and  forwards  through  the  tarsus  and  metatanu 
the  balls  of  the  toes. 

Locomotion. — The  three  chief  means  of  progression  are  walking,  nmuing,  and  leaping, 
walking,  the  body  and  its  centre  of  gravity  are  inclined  forwards,  the  trunk  oscillates  trom 
to  side  as  it  is  supported  alternately  by  each  foot,  the  arms  swing  alternately  with  the  correqM 
inc  leg,  and  one  foot  is  always  on  the  ground.  The  act  of  progression  is  performed  by  the 
aided  in  two  ways  by  gravity.  The  movements  of  the  leg  are  as  follows :  At  the  bec^nnin 
a  step,  one  leg,  so  to  speak,  "  shoves  off ; "  the  heel  is  raised  and  the  limb  is  extendea  By 
action  of  the  muscles  flexing  the  hip  and  knee-joint,  and  extending  the  ankle-joint  and  toes, 
limb  is  raised  from  the  ground  sufficiently  to  clear  it,  and  passes  forwards  by  the  actio 
gravity,  aided  by  the  force  given  to  the  movement  by  the  extensor  muscles.  After  passing 
line  of  the  centre  of  gravity  the  flexion  of  the  joints  ceases,  the  muscl^  relax,  ana  the  1 
gradually  returns  to  the  ground.  The  other  limb  then  passes  through  the  same  cycle,  the  we 
of  the  body  now  resting  on  the  limb  which  is  in  contact  with  the  ground.  As  the  foot  rea 
the  CTound  it,  as  it  were,  rolls  over  it ;  the  heel  touches  it  first,  then  the  sole,  and  lastly,  as 
foot  leaves  the  ground  again,  only  the  toes.  In  ninning,  the  previous  events  are  all  exaggen 
The  time  of  the  event  is  diminished,  while  the  force  and  distance  are  increased.  Both  feet  ai 
the  ground  at  one  time  ;  the  action  of  flexors  and  extensors  alternately  is  much  more  powerfi 
that  on  the  one  hand  the  knees  are  drawn  upwards  to  a  greater  ext^^nt  in  the  forward  moven 
and  not  the  whole  foot,  but  only  the  toes  reach  the  ground  in  the  extension  of  the  limb, 
attempt  is  made  to  bring  the  foot  to  the  ffround  in  front  of  the  line  of  the  centre  of  gravity, 
the  same  time  the  trunk  is  sloped  forwaros  much  more  than  in  walking.  In  leaping,  the  ac 
of  the  limbs  are  still  more  exaggerated.  The  movements  of  flexion  of  the  limb  are  still  i 
marked,  and  the  foot  reaches  the  ground  still  farther  in  front  of  the  line  of  the  centre  of  gra 
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AXIAL  MUSCLES. 
THE  FASCIiE  AND  MUSCLES  OF  THE  BACK. 
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THE  FASCIiE  OF  THE  BACK. 

The  general  fascial  investments  of  the  back  have  been  described  along  with  the 
erfieial  muscles  associated  with  the  shoulder-girdle  (p.  318).  The  latissimus 
si  muscle  has  been  described  as  arising  in  large  part  from  the  vertebral  apo- 
rosis.     This  is  a  strong  fibrous  lamina  which  conceals  the  erector  spinse  muscle. 

tlie  loin  it  extends  from  the  spines  of  the  lumbar  vertebrae  outwards  to  the 
erval  between  tlie  last  rib  and  the  iliac  crest,  where  it  is  concerned  in  forming 
!  lumbar  fascia.  Below  the  loin  the  vertebral  aponeurosis  is  attached  to  the  iliac 
9t,  and  more  internally  blends  with  the  subjacent  tendinous  origin  of  the  erector 
Die.    The  fascia 

I     be     followed  rectus  abdominis 

wards  over  the 
ctor  spinffi  in 
;  region  of  the 
)rax,  where  it  is 
tached  exter- 
lly  to  the  ribs 
d  is  continuous 
th  the  inter- 
stal  aponeur- 
a.  In  the  lower 
rt  of  the  thorax 
is  replaced  by 
iscular  slips — 
jserratusposti- 
5  inferior;  in 
J  upper  part  of 
e  thorax  it 
«es  beneath  the 
ratus  posticus 
perior  and 
nds  with  the 
ep  cervical 
cia. 

The  lumbar 
da  is  a  narrow 
imentous  band 
ich  connects 

last  rib  to  the  iliac  crest  between  the  muscles  of  the  back  on  the  one  hand  and 
•se  of  the  abdominal  wall  on  the  other.  It  is  formed  by  the  union  of  three  fascial 
ita,  called  re8i)ectively  the  vertebral  aponeurosis  (jr  posU^rior  layer,  just  described ; 
middle,  and  the  anterior  layers.  The  middle  layer  is  a  fascia  which  stretches 
wards  from  the  ends  of  the  transverse  processes  of  the  luml)ar  vertebrje,  between 
erector  8j>inie  behind  and  the  (juadratus  lumboruni  muscle  in  front.  The  anterior 
Br  is  attached  to  the  lumbar  vertehriv  near  the  bases  of  their  transverse  processes, 
covers  the  front  of  the  quadratus  lum))orum  umsclo,  and  separates  it  from  the 
•as.  The  psoas  fascia  is  coutinuous  at  the  outer  border  of  the  psoas  muscle  with 
J  anterior  layer  of  the  luml)ar  fascia.  At  the  outer  borders  of  the  quadratus 
ul>orum  and  erector  spinie  muscles  the  three  layers  are  blended  together  to  form 
;  lumbar  fascia,  which  in  turn  gives  partial  origin  to  the  obliquus  internus  and 
usversalis  alxiominis  muscles. 
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Fig.  306.— Transversk  Section  THRou(iH  the  Abdomen,  opposite  the 
Second  Lumbar  Vertebra. 
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The  muscles  of  the  back  are  arranged  in  four  series  according  to  their  at 
meats:  (1)  vertebro- scapular  and  vertebro- humeral,  (2)  vertebro- costal 
vertebro- cranial,   and    (4)   vertebral.      Tliey   are   in   irregular   strat^i,   the 

superficial   muscles    having   the 
widely  spread  attachments. 

The  first  series  of  muscles  ol 
back,  connecting  the  axial  skeletc 
the  upper  limb,  have  already 
described.  They  are  arranged  in 
layers:  (1)  trapezius  and  latisg 
dorsi  superficially;  (2)  levator  ai 
scapulio,  and  rhomboidei,  beneatl 
trapezius. 

The  remaining  muscles  are  a] 
entirely  axial,  and  may  l)e  div 
according  to  position,  into  four  gn 
(1)  serrati  postici,  superior  and  iuf 
splenius  ciipitis  and  splenius  colli 
erector  spinae  and  complexus;  (3)  t 
verso-spinales  (semispinalis  and  n 
fidus  spinae) ;  and  (4)  the  small 
muscles  (rotatores,  interspinales,  i 
transversales,  and  suboccipital  mug 


First  Group. 

The  serratus    posticus   sup 

t.'o"*'*''*''''  has  a  membranous  origin  from  the 
mentum  nucha?  and  the  spines  o 
last  cervical  and  upy)er  three  or 
thoracic  vertebrae.  It  is  directe< 
liquely  downwards  and  outwards, 
inserted  by  separate  slips  into  the  se 
third,  fourth,  and  fifth  ribs.  The  ni 
is  concealed  by  the  vertebro-sca 
muscles,  and  crosses  obliquely 
splenius,  erector  spinae,  and  compl 
It  lies  superficial  to  the  vert 
aponeurosis. 

The  serratusf  posticus  inferio 
a  membranous  origin  through 
medium  of  the  vert(»bral  aponei 
from  the  last  two  thoracic  and  firs 
lumbar  spinous  processes.  It  form 
muscular  bands  which  pass  a 
horizontally  outwards  to  an  insi 
into  the  last  four  ribs.  The  mus 
slips  overlap  one  another  from 
upwards.  The  muscle  is  on  the 
plane  as  the  vertebral  aponeurosis 
is  concealed  by  the  latissimus  dor 
The  splenius  muscle  is  a  broad,  flattened  band  which  occupies  the  back  c 
neck  and  the  upper  part  of  the  thoracic  region.  It  arises  from  the  ligamentum  n 
(from  the  level  of  the  fourth  cervical  vertebra  downw^ards)  and  from  tlie  sp 
processes  of  the  last  cervical  and  higher  (four  to  six)  thoracic  vertebra?.  Its 
extend  upwards  and  outwards  into  the  neck,  separating  in  their  course  in 
upper  and  a  lower  part.  The  upper  part  forms  the  splenius  capitis,  whi 
inserted  into  the  mastoid  process  and  the  outer  part  of  the  superior  curved  li 


Ilio-costali 


Fig. 


307.— Schematic  Refrrskntation  of  the  Parts 
OF  THE  Erector  Spinje  Muscle. 
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J  occipital  bone  (Fig.  312,  p.  397).  The  lower  part  forms  the  splenius  colli 
oervioiB,  which  is  ixiBerted  into  the  posterior  tubercles  of  the  transverse  x>rocesses 
the  upper  three  or  four  cervical  vertebrae,  behind  the  origin  of  the  levator 
guli  scapulae.  The  muscle  is  partially  concealed  by  the  trapezius  and  sterno- 
istoid,  and  appears  between  them  in  the  floor  of  the  posterior  triangle  of  the 
ck  (spleuius  capitis).  It  is  covered  by  the  rhomboid  muscles,  levator  anguli 
ipulse,  and  serratus  posticus  superior.  It  conceals  the  transversalis  cervicis, 
ichelo-mastoid,  and  complexus  muscles. 


Second  Group. 

The  erector  spinsa  (m.  sacro-spinalis)  possesses  vertebral,  vertebro-cranial,  and 
rtebro-costal  attachments.  It  consists  of  an  elongated  inaas  composed  of  separated 
ps  extending  from  the  sacrum  to  the  skulL  Simple  at  its  origin,  it  becomes 
lore  and  more  complex  as  it  is  traced  upwards  towards  the  head.  It  arises  (1)  by 
«hy  fibres  from  the  iliac  crest ;  (2)  from  the  posterior  sacro-iliac  ligament ;  and 
)  by  tendinous  fibres  continuous  with  the  former  from  the  ili«wj  crest,  the  back  of 
ve  sacrum,  and  the  spines  of  the  upper  sacral  and  all  the  lumbar  vertebrae.  Its 
yres  extend  upwards  through  the  loin,  enclosed  between  the  posterior  and  middle 
kjers  of  the  lumbar  fascia,  and  separate  into  two  columns — an  outer  portion 
erived  from  the  external  fleshy  origin,  the  llio-costaliB,  and  an  inner  portion  corn- 
rising  the  remaining  larger  part  of  the  muscle,  the  longissimus  dorsi 

The  ilio-costalis  (m.  ilio-costalis  lumborum)  is  inserted  by  six  slender  slips  into 
he  lower  six  ribs. 

Internal  to  the  insertion  of  each  is  the  origin  of  a  sUp  of  the  accessorius  muscle 
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FKS.    308. — SCHEMK    OK    MuSCULAR-ATTACHMENTS  Tl)   THE    TUANSVEHSK    PlUKK-SSES    OF   THE 

Cervical  Vertebrae. 

ui.  ilio-co.stalis  dorsi),  which,  arising  from  the  lower  six  ril^s  internal  tu  the  ilio- 
ostalis,  is  inserted  in  line  with  it  by  similar  slips  into  the  upper  six  ribs. 

The  cervicalis  a^cendens  (m.  ilio-costalis  cervicis)  arises  in  the  same  way  by 
ix  slips  from  the  upper  six  ribs,  internal  to  tlie  insertions  of  the  accessorius.  It 
jrms  a  narrow  band,  which,  extendintj;  into  the  neck,  is  inserted  into  the  ])osterior 
iibercle^  of  the  transverse  processes  ol"  the  fourth,  lil"tb,an(l  sixth  cervical  vertebne, 
-Mud  the  scalenus  posticus.  The  ilio-costalis,  accessorius,  and  cervicalis  ascendens 
•rm  together  a  continuous  muscular  column,  and  constitute  the  outermost  group 
^  the  component  elements  of  the  erector  s])inic. 

The  longissiniiis  dorsi  is  the  largest  element  in  the  erector  r\>\\\?r  \\\\\^q\^. 


394 


THE  MUSCULAE  SYSTEM. 


With  its  cervical  prolongations — the  transversalis  cervicis  and  trachelo-uiast^ 
it  forms  the  middle  column  of  the  erector  spinae.  Mostly  tendinous  on  the  sv 
at  its  origin,  it  becomes  fleshy  in  the  upper  part  of  the  loin.  It  is  thickest  u 
loin,  and  becomes  thinner  as  it  passes  upwards  in  the  back  between  the  co! 
formed  by  the  ilio-costalis,  etc.,  externally,  and  the  spinalis  dorsi  internally 
is  inserted  })y  two  series  of  slips,  inner  and  outer,  externally  into  nearly  al 
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309.— Deeper  Muscles  of  the  Back. 


ribs,  and  internally  into  the  transverse  processes  of  the  thoracic  and  the  aco 
processes  of  the  upjHir  lumbar  vertebra.  It  is  prolonged  upwards  into  the 
by  its  association  with  the  common  origin  of  two  muscles,  the  transversalis  cc 
and  the  trachelo-mastoid. 

The  transversalis  oervicis  (m.  longissimus  cervicis)  has  an  origin  froi 
transverse  processes  of  the  upper  six  thoracic  vertebrae,  internal  to  the  inse 
of  the  longissimus  dorsi.     Extending  upwards  into  the  neck,  it  is  inserted  ini 
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tubercles  of  the  transverse  processes  of  the  second,  third,  fourth,  fifth, 
h  cervical  vertebrae.  It  lies  in  the  neck,  underneath  the  cervicalis  ascendens 
uius  colli  muscles. 

traohelo- mastoid  (m.  longissimus  capitis)  arises,  partly  by  an  origin 
to  it  and  the  previous  muscle,  from  the  transverse  processes  of  the  upper 
icic  vertebrae,  and  partly  by  an  additional  origin  from  the  articular  pro- 
f  the  lower  four  cervical  vertebrae.  Separating  from  the  transversalis 
the  muscle  ascends  through  the  neck  as  a  narrow  band  which  is  inserted 

mastoid  process  beneath  the  splenius  capitis  muscle.  In  the  neck  the 
s  placed  between  the  splenius  capitis  and  complexus. 
spinalis  dorsi  forms  the  innermost  column  of  the  erector  spinae.  It 
the  thoracic  portion  of  the  back,  and  arises  by  tendinous  fibres  from  the 
o  thoracic  and  upper  two  lumbar  spinous  processes,  and  also  directly  from 
on  of  the  longissimus  dorsL  It  is  a  narrow  muscle  which,  lying  close  to 
icic  spinous  processes  internal  to  the  longissimus  dorsi  and  complexus,  is 
into  the  upper  (four  to  eight)  thoracic  spines.  This  muscle  is  not  prolonged 
neck.  It  partially  covers  the  semispinalis,  dorsi,  and  colli, 
erector  spinae  muscle  is  bound  down  by  the  vertebral  aponeurosis,  and 
lied  by  the  more  superficial  muscles  (sterno- mastoid,  trapezius,  levator 
•Apulae,  rhomboids,  splenius,  serrati  postici).  It  covers  the  ribs  posteriorly, 
iaUy  conceals  the  semispinales  and  complexus  muscles. 
complexus  muscle  (m.  semispinalis  capitis)  closely  resembles  in  position 
3hments  the  trachelo-mastoid.  It  takes  origin  by  tendinous  slips  from  the 
je  processes  of  the  upper  six  thoracic  and  the  articular  processes  of  the 
ur  cervical  vertebrae,  internal  to  the  transversalis  cervicis  and  trachelo- 
It  has  an  additional  origin  also  from  the  spinous  process  of  the  last 
vertebra.  It  forms  a  broad  muscular  sheet  which  extends  upwards  in  the 
be  inserted  by  fleshy  and  short  tendinous  fibres  into  the  inner  impression 

the  superior  and  inferior  curved  lines  of  the  occipital  bone  (Fig.  312, 
The  inner  portion  of  the  muscle  is  separate,  and  forms  the  biventer 
2onsisting  of  two  fleshy  bellies  with  an  intervening  tendon,  placed  vertically 
:t  with  the  ligamentum  nuchae.  The  insertion  of  the  muscle  is  crossed  by 
pital  artery.  The  complexus  is  covered  mainly  by  the  splenius  and 
mastoid  muscles.  It  conceals  the  semispinalis  colli  and  the  muscles  of 
ccipital  triangle,  along  with  the  accompanying  vessels  and  nerves. 

Third  Group. 

group  comprises  the  semispinales  and  multifidus  spinae. 
3  muscles  are  only  incompletely  separate  from  one  another.  The  senii- 
dorsi,  and  colli,  form  a  superficial  stratum,  the  multifidus  spinte  being  more 
.aced.  The  more  superficial  muscles  have  the  longer  fibres ;  the  fibres  of  the 
is  8{)ina3  pass  over  fewer  vertebrae.  Bc^h  muscles  extend  obliquely  upwards 
isverse  to  spinous  processes. 

semispinalis  muscle  extends  from  the  loin  to  the  axis  vertebra.  Its 
3  artificially  separated  into  an  inferior  part,  the  semispinalis  dorsi,  and 
•r  part,  the  semispinalis  colli. 

semispinalis  dorsi  arises  from  the  transverse  processes  of  the  lower  six 
vertebrae.  It  is  inserted  into  the  spinous  processes  of  the  last  two  cervical 
four  thoracic  vertebra?. 

semispinalis  colli  or  cervicis  arises  from  the  transverse  i)rocesses  of  the 
:  thoracic  vertebra?  and  the  articular  j)rocesses  of  the  lower  four  cervical 
It  is  inserted  into  the  spines  of  the  cervical  vertebne  from  the  second  to 
The  semispinalis  muscle  occupies  the  vertebral  furrow,  and  is  concealed 
ector  spinae  and  complexus;  it  covers  the  multifidus  spina?  muscle.  It  is 
me  plane  as  the  muscles  of  the  suboccipital  trian<j:le. 

QUltifidus  spinae  differs  from  the  previous  muscle  in  extending  from  the 

o  the  axis,  and  in  the  shortness  of  its  fasciculi,  which  pass  over  fewer 

to  reach  their  insertion.     It  arises  from  the  sacrum,  from  ihe  \)0^\.^to\ 
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sacro-iliac  ligament  (Fig.   311,  p.  396),  from  the  mammillary  processes   of 
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ibar  vertebrae,  from  the  transverse  processes  of  the  thoracic  vertebrae,  and  from 
articular  processes  of  the  lower  four  cervical  vertebrae.  It  is  inserted  into  the 
Qes  of  the  vertebrae  up  to  and  including  the  axis.  Lying  in  contact  with  the 
tebral  laminse,  the  muscle  is  covered  in  the  back  and  neck  by  the  semispinalis, 
1  in  the  loin  by  the  erector  spinae  muscle. 


Fourth  Group. 

This  group  includes  several  sets  of  small  muscles,  which  are  vertebro-cranial  or 
er- vertebral  in  their  attachments. 

The  muscles  bounding  the  suboccipital  triangle  are  four  in  number — obliquus 
erior,  obliquus  superior,  rectus  capitis  posticus  major,  and  rectus  capitis  posticus 
nor. 

These  muscles  are  concealed  by  the  complex  us  and  splenius  capitis ;  they  enclose 
triangular  space  (the  suboccipital  triangle)  in  which  the  vertebral  artery, 
^  posterior  primary  division  of  the  suboccipital  nerve,  and  the  posterior  arch  of 
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Fig.  312  — Muscle- Attachmknts  to  Occipital  Bone  (Inferior  Surface). 

tht*  utias  are  contained.  The  obliquus  inferior  is  separated  i'roni  the  semispinalis 
muscle  by  the  great  occipital  (second  cervical)^  nerve. 

The  obliquus  inferior  arises  from  the  8[)ine  of  the  axis,  and  is  inserted  into  the 
transverse  process  of  the  atlas. 

The  obliquus  superior  arises  from  the  transverse  process  of  the  atlas,  and  is 
iwerted  into  the  occipital  bone  beneath  and  external  to  the  complex  us  and  above 
the  inferior  curved  line  (Fig.  312,  p.  397). 

The  rectus  capitis  posticus  major  arises  from  the  spint^  of  the  axis,  and  is 
Merted  into  the  occipital  bone  beneath  the  obliquus  superior  and  coniplexus,  and 
>low  the  inferior  curved  line  (Fig.  312,  p.  397). 

The  rectus  capitis  posticus  minor  arises  beneath  the  previous  muscle  from  the 
pine  of  the  atlas,  and  is  inserted  into  the  occipital  bone  below  the  inferior  curved 
ine  internal  to  and  beneath  the  rectus  capitis  posticus  major  (Fig.  312,  p.  397). 

The  rotatores  dorsi  are  eleven  pairs  of  small  muscles  occupying  the  vert^^bral 
roove  in  the  thoracic  region,  beneath  the  trans verso-spinales,  of  which  they  form 
he  deepest  fibres.  Each  consists  of  a  small  slip  arising  from  the  transverse  process, 
nd  insarted  into  the  lamina  of  the  vertebra  directly  above. 
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The  inter-spinales  are  bands  of  muscular  fibres  connecting  together  the  s 
processes  of  the  vertebrae. 

The  inter-transversales  are  slender  slips  extending  between  the  trai 
processes.  They  are  double  in  the  neck,  the  anterior  divisions  of  the  spinal 
passing  between  them. 

The  rectus  capitis  lateralis,  extending  from  the  transverse  process  of  th 
to  the  jugular  process  of  the  occipital  bone  (Fig.  312,  p.  397),  is  homologou 
the  posterior  of  the  two  inter-transverse  muscles.  In  the  loin  the  inter-transv 
muscles  are  usually  double,  but  they  are  often  absent,  or  are  replaced  by  men 

Nerve-Supply. 

Witli  the  exception  of  the  vertebro- scapular  and  vertebro- humeral  muBcles  (tr 
latifisimus  dorsi,  levator  anguli  scapulae,  rhomboidei,  p.  318),  the  muscles  of  the  back 
supplied  by  the  posterior  primary  divisions  of  the  spinal  nerv^es.  In  the  upper  part  of  th 
the  muscles  are  supplied  mainly  by  the  external  branches ;  in  the  lower  part  chiefly 
internal  branches  oi  the  nerves.  In  the  cervical  and  sacral  regions  a  limited  plexiform*i 
ment  of  the  nerves  occurs  (posterior  cervical  and  posterior  sacral  plexuses). 

Actions. 

The  action  of  these  muscles  is  extremely  complex.  Not  only  do  they  act  on  th( 
column,  ribs,  head,  and  pelvis,  in  conjunction  with  other  muscles,  but  some  of  them  act 
relation  to  the  movements  of  the  limbs  as  welL  In  this  section  will  be  given  an  analysis 
movements  in  relation  to  the  spinal  column,  head,  and  pelvis.  The  movements  of  the  hi 
of  the  ribs  (respiration)  are  dealt  with  in  other  sections.  The  chief  muscles  are  engaged 
serving  the  erect  position,  and  in  the  movements  of  the  trunk  they  are  assisted  in  large  : 
by  muscles  whose  chief  movements  are  referred  to  elsewhere. 

1.  Movements  of  the  Spinal  Column.— The  movements  of  the  vertebral  column  are 
extension,  and  lateral  movement  or  rotation.  These  movements  occur  in  all  regions 
thorax,  and  loin ;  flexion  and  extension  and  lateral  movement  are  most  Umited  in  the  r 
the  thorax  ;  while  i-otation  is  most  limited  in  the  region  of  the  loin. 


a.  Flexion      and      Extension. 


Longus  colli  Serrati  postici 

Rectus  capitis  anticus  major  S])lenius  capitis 

Scaleni  antici  (toffether)  ^lenius  colli 

Psoas  magnus  and  parvus  Erector  spince 

Levator  ani  Semispinalis  doi-si 

Ischio-coccygeus  Semispinalis  colh 

Complexus 

Sphincter  ani  extemus  Multifidus  spinae 

Rectus  abdominis  Interspinales 
Pvramidalis  abdominis 

0\)li(iuus  extemus  abdominis  Intercostal  muscles 

Obliquus  intemus        „  Diaphragm 

Trans versalis  „  Triangularis  stemi 


6.  Lateral  Movement  (Rotation). 


Levator  anguli  scapula?  Rectus  caj)itis  anticus  major 

Serrati  ])08tici  <     Scaleni,  anticus,  medins,  ixx*ticus 
Splenius  colh  Psoas  (magnus  and  ])arvus) 

Erector  spinaj  Quadratus  luuiborum 

Complexus  '     Obliquus  extemus  alxlominis 

Semispinalis  |     Obliquus  intemus  „ 

Multindus  spinae  Transversalis  „ 

Rotatores  dorsi  Rectus  „ 

Inter-traiisversales  Pyramidalis  „ 

Longus  colh 


2.  Movements  of  the  Head. — Tlie  movements  of  the  head  are  flexion  and  extensioi 
occipito-atlantoid  articulation ;  lateral  movement  and  rotation  at  the  atlanto-axial  joint 
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a.  Flezion      and      Extension. 


tnc 
-hyoid 
-pnarTngeus 
•hyoid 
;los8us 
o-hyoid 
o-tnyroid 
hyoid 
capitis  antici  (major  and  minor)    | 

(the  muscles  of  both  sides  acting  together) 


Stemo-mastoid 

Splenius  capitis 

Trachelo-mastoid 

Complexus 

Obli^uus  inferior 

Recti  capitis  postici  (major  and  minor) 


b.  Lateral  MoToment. 

o- mastoid 

ius  capitis 

elo-mastoid 

•lexns 

II  us  superior 

s  capitis  lateralis 


e.  Rotation. 


Stemo-mastoid 
Splenius  capitis 
Trachelo-mastoid 
Complexus 
Obliquus  inferior 
„        superior 
Recti  capitis  postici  (major  and  minor) 


Lents  of  the  Pelvis. — The  movements  of  the  pelvis  (as  in  locomotion)  are  partly 
rertain  of  the  muscles  of  the  back.  Those  muscles,  which  are  attached  to  the  spinal 
the  ribe  on  the  one  hand,  and  to  the  innominate  bone  on  the  other,  produce  the 
\  (flexion,  extension,  and  lateral  movement)  of  the  whole  pelvis.  In  addition,  the 
3sing  between  the  innominate  bone  and  femur,  in  certain  positions  of  the  lower  limb, 
eae  movements. 


a.  Extension      and      Flezion. 


fimus  dorsi 

or  spinoe 

.fidus  spinae  (acting  on  both  sides) 


Psoas  magniis  and  i>arvu8 

Rectus  aV)aominis 

Pvramidalis  abdominis 

Obliquus  extemus  abdominis 

Obliquus  intern  us         „ 

Transvei-salis  abdominis  (acting  on  both 

sides) 
Pyriformis 
Glutei 

Obturator  (extemus  and  intemus) 
Sartorius 

Tensor  fasoiaj  femoris 
Iliacus 

Rectus  femoris 
Adductors  (in  the  erect  position) 


b.  Lateral  Movement. 
xors  and  extensors  of  side  only  |  Quadratus  lumborum 


:E  FASCI.^  AND  MUSCLES  OF  THE  HEAD  AND  NECK. 


FASCI/E. 

iperficial  fascia  of  the  head  and  neck  possesses  certain  features  of  special 
Over  the  seal])  it  is  closely  adherent  to  the  skin  and  subjacent  epicranial 
is,  and  contains  the  superficial  vessels  and  nerves.  Beneath  the  skin  of 
8  it  is  loose  and  thin  and  contains  no  fat.  Over  the  face  and  at  the 
le  neck  it  is  separated  from  the  deep  fascia  by  the  facial  muscles  and 
,ma  myoides.  In  the  hollow  ])etween  the  l)uccinator  and  the  masseter 
Duous  with  a  pad  of  fat  (suctorial  pad)  occupying  the  interval  between 
cles. 
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The  extrinsic  muscles  of  the  ear  are  three  in  number :  retrahens,  atk 

and  attrahens  aurem. 

The  retrahens  aurem  (m.  auricularis  posterior)  is  a  narrow  fleshj  slip  i 
arises  from  the  surface  of  the  mastoid  process  and  is  inserted  into  the  deep  si 
of  the  pinna.  It  bridges  across  the  groove  between  the  mastoid  process  am 
pinna,  and  conceals  the  posterior  auricular  vessels  and  nerve. 

The  attollens  aurem  (m.  auricularis  superior)  is  a  small  fan-shaped  m 
which  arises  from  the  temporal  fascia,  and  descends  to  be  inserted  into  the  t 
the  root  of  the  pinna. 

The  attrahens  aurem  (m.  auricularis  anterior)  is  a  similar  small  muscle,^ 
in  front  of  the  attollens,  and  stretching  obliquely  between  the  temporal  fasGS 
the  top  of  the  root  of  the  pinna. 


Epicranial  aponeurosis       Attrahbks  aurem 


Tko^ujm 


— <]ltBlCtTUKla  PAXPKBRAKni 
PVKAMmAWa  NASI 


CollF&IVHnfE  KARI8 

[.EVATOH  LA&II8UPRRIORUALJI 

1  ■  VATOn  UkBll  SVPKRIORIS 

.'  -I  i.OHATICTB  MIKOR 

■I  1  -■■■IE    ^L^.  NASI 
/ --y  ^il''['s  MAJOR 

OflSJi  ii],^a.rj!i  ORI8 

KI90R1U4 

BuociNATna 

Pr^kkhhor  jlkotjli  oris 

DEFXIWrtOR  LABI!  INFERIORU 


iXTfMA.KTOlDKR 


Fio.  314.— The  Muscles  op  the  Face  and  Scalp  (muscles  of  expression). 

These  two  muscles  conceal  branches  of  the  temporal  vessels  as  they  lie  < 
temporal  fascia. 

The  ear  muscles  are  rudimentary  and  usually  functionless. 


The  Muscles  of  the  Face. 

The  facial  muscles  are  divided  into  three  groups,  associated  with  the  s 
apertures  of  the  eye,  nose,  and  mouth. 

1.  The  muscles  of  the  eyelids  include  four  muscles :  the  levator  pal 
superioris  (described  with  the  orbital  muscles),  orbicularis  pali)ebrarum,  tensoi 
and  corrugator  supercilii. 

The  orbioulaiis  p€dpebra,ni]ii  (m.  orbicularis  oculi)  is  a  transveraelj 
sphincter  muscle  surrounding  and  occupying  the  eyelids.  It  is  divisible  ii 
external  portion  (pars  orbitalis)  composed  of  coarse  fibres,  spreading  on  to  the  for 
temple,  and  cheek,  and  an  internal  portion  (jiars  palpebralis),  composed  oj 
fibres,  situated  beneath  the  skin  of  the  eyelids.  At  the  inner  canthus  of  tl 
the  musclA  (by  its  palpebral  fibres)  gains  an  attachment  to  the  tarsal  lig 
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I  the  borders  of  the  naso-lachrymal  groove.  Its  fibres  enclose  the  lachrymal 
and  the  canalicull  The  posterior  fibres,  extending  between  the  posterior  edge 
the  naso-lachrymal  groove  and  the  tarsal  ligaments  behind  the  lachrymal  sac, 
istitute  the  tensor  tarsi  mnsde.  The  fibres  of  the  muscle  which  extend  along  the 
ffgins  of  the  lids  constitute  a  separate  ciliary  bundle. 

Externally  the  orbicularis  palpebrarum  has  no  bony  attachment ;  so  tliat  when 
contracts  and  closes  the  eyelids,  both  lids  at  the  same  time  tend  to  be  drawn 
irards  towards  the  inner  canthus  of  the  eye. 

The  corragator  supercilii  arises  from  the  nasal  eminence,  and  passing  horizon- 
lly  outwards,  blends  with  the  upper  fibres  of  the  orbicularis  palpebrarum  on  its 
ider  surfaca  The  contraction  of  this  muscle  throws  the  skin  of  the  forehead  into 
rtical  folds,  while  at  the  same  time  drawing  the  inner  half  of  the  eyebrow  upwards, 
produces  concentric  curved  folds  o/i  each  side  of  the  middle  line  of  the  forehead. 

2.  The  mnscles  of  the  nose  comprise  five  small  muscles  proper  to  the  nose,  and 
,e  common  to  the  nose  and  upper  lip:  the  pyramidalis  nasi,  compressor  naris. 
latores  naris  (anterior  and  posterior),  depressor  alas  nasi,  and  levator  labii 
perioris  alaeque  nasi.     They  are  all  small  and  feeble. 

The  pyramidftlifl  nasi  arises  from  the  occipito-frontalis  muscle  and  the  skin 
er  the  glabella ;  it  is  inserted  into  a  membrane  stretching  over  the  nose,  w  hich 
>o  gives  attachment  to  the  compressor  naris. 

The  compreesor  naris  (m.  nasalis)  arises  by  a  narrow  origin  i'rom  the  superior 
ixilla,  under  cover  of  the  levator  labii  superioris  alseque  nasi.  It  passes  forwards 
er  the  bridge  of  the  nose,  and  ends  in  a  membranous  insertion  common  to  it  and 
e  previous  muscle. 

The  dilatores  naris  are  feeble  muscular  slips  placed  on  the  outer  side  of  the 
irgin  of  the  nostril,  one  anteriorly,  the  other  posteriorly. 

The  depressor  alee  nasi  is  a  small  muscle  arising  from  the  up^)er  part  of  the 
;isor  fossa  of  the  maxilla;  it  divides  into  two  parts  as  it  passes  upwards  and 
wards,  and  is  inserted  into  the  ala  and  the  septum  of  the  nose  (depressor  septi). 

The  levator  labii  inferioris  alseque  na^si  is  a  narrow  band  arising  from  the  root 
the  nasal  process  of  the  maxilla.  It  descends  alongside  the  nose,  and  is  inserted 
rtly  into  the  ala  of  the  nose  and  partly  into  the  orbicularis  oris  muscle. 

?.  The  muscles  of  the  mouth  comprisi?  eleven  muscles,  of  whicli  all  but  one, 
le  nrl  ocularis  oris,  are  bilaterally  placed.  The  muscles  are  :  levator  labii  suijcrioris 
ii.-«iue  nasi,  levator  labii  superioris,  levator  anguli  oris,  zygomatici  (major  and 
liiior),  risorius,  orbicularis  oris,  depressor  anguli  oris,  depressor  lal)ii  inferioris, 
vai<.ir  menti,  and  buccinator. 

The  orbicularis  oris  is  the  sphincter  nuisclc  surrounding  the  lips.  It  is  con- 
uuous  with  the  other  muscles  converging  to  the  mouth.  It  lies  between  tlu^  skin 
lid  mucous  membrane  of  the  mouth,  and  is  limited  above  l)y  the  nose,  below  by 
he  junction  of  lower  lip  and  chin.  Its  mesial  fibres  are  attached  al>ove  to  the 
epium  of  the  nose  (naso-lal >ial  band)  and  to  the  incisor  fossa  (superior  incisive 
mruile);  below  they  are  attached  to  the  lower  jaw  on  each  side  of  the  symphysis 
interior  incisive  bundle).  These  bundles  radiate  outwards  to  join  the  rest  of  the 
uuscle,  which  is  joined  at  its  margin  by  the  l(»vatovs  and  depressors  of  the  lower 
ipand  angle  of  the  mouth,  and  by  the  buccinator  muscle.  The  lower  Jlhres  of  the 
nu.'H^le  are  continued  laterally  into  the  buccinator  and  levator  anguli  oris ;  its 
'I'per  fibres  are  continued  into  the  buccinator  and  depressor  anguli  oris. 

The  levator  labii  superioris  alaeque  nasi  has  already  been  described. 

The  levator  labii  superioris  arises  from  the  superior  maxilla  just  above  the 
nfra-orbital  foramen.  It  passes  almost  vertically  downwards  to  join  the  orbi- 
ularis  oris  and  the  skin  of  the  upper  lip  betw(H»n  the  attachments  of  the  levator 
abii  .superioris  akeque  nasi  and  the  levator  anguli  oris.  It  conceals  the  infra - 
•rldtal  vessels  and  nerve. 

The  levator  anguli  oris  arises  from  the  canine  fossa,  of  the  u])per  jaw  below  the 
nfra-orbital  foramen  and  under  cover  of  the  foregoing  nnisele.      It  is  directed 
mtwards  and  downwards,  to  be  inserted  into  the  orbicularis  oris  and  the  skin  at 
he  angle  of  the  mouth. 
29  a 
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The  zygomatioi  (major  and  minor)  are  more  superficial  than  the  preoi 
muscle. 

The  zygomaticTis  minor  is  the  anterior  muscle.  It  arises  from  the  malar 
and  is  often  continuous  with  the  most  peripheral  fibres  of  the  orbicularis  p 
brarum.  It  is  directed  obliquely  downwards  and  forwards  over  the  levator  ai 
oris,  to  be  inserted,  along  with  the  levator  labii  superioris,  into  the  orbicularis 
The  zygomaticTis  major  is  a  narrow  muscular  band  which  arises  from  the  i 
portion  of  the  zygomatic  arch.  It  passes  to  the  angle  of  the  mouth,  to  be  iu 
partly  into  the  skin,  partly  into  the  orbicularis  oris. 

The  risorins  is  a  thin  flat  nmscle  which  forms  in  part  a  continuation  o: 
platysma  uiyoides  on  the  face,  in  part  a  separate  muscle,  >vith  an  origin  fron 
masseteric  fascia.  It  passes  transversely  forwards,  to  be  inserted  at  the  ang 
the  mouth  into  the  orbicularis  oris  and  skin. 

The  depressor  anguli  oris  arises  from  the  external  oblique  line  of  the  lowe 
and  from  the  platysma  myoides  (Fig.  319,  p.  407).  It  is  triangular  in  fon 
fibres  converging  to  the  angle  of  the  mouth,  where  thoy  are  inserted  int 
orbicularis  oris  and  the  skin.  Some  of  the  fibres  reach  the  upper  lip  throug 
orbicularis  muscle. 

The  depressor  labii  inferioris  arises  from  the  outer  surface  of  the  lowei 
beneath  and  internal  to  the  depressor  anguli  oris  (Fig.  319,  p.  407).  It  is  qi 
lateral  in  form,  and  is  directed  upwards,  to  1x3  inserted  into  the  orbicularis  ori 
the  skin  of  the  lower  lip.  Its  external  fibres  conceal  the  mental  foramen,  an 
overlapped  by  the  depressor  anguli  oris.  Its  internal  fibres  join  with  those  c 
opposite  muscle. 

*  The  levator  menti  is  a  small  muscle  which  arises  from  the  incisor  fossa  o 
lower  jaw  (Fig.  319,  p.  407),  and  passing  forwards,  is  inserted  into  the  sk 
the  chin. 

The  buccinator  muscle  forms  the  lateral  wall  of  the  mouth,  and  is  in  ; 
posteriorly  with  the  constrictor  muscles  of  the  pharynx.  It  arises  (1)  fron 
alveolar  arches  of  the  upper  and  lower  jaws  (Fig.  319,  p.  407),  and  l)etween 
attachments,  from  the  pterygo- mandibular  ligament.  Its  fibres  are  dir 
forwards  to  the  angle  of  the  mouth,  where  they  blend  with  the  correspoi 
(upper  and  lower)  portions  of  the  orbicularis  oris  muscle.  The  middle  fibres  < 
muscle  decussate  at  the  angle  of  the  mouth,  so  as  to  pass,  the  lower  set  t 
upper  lip,  the  upper  set  to  the  lower  lip.  The  buccinator  is  covered  on  its 
surface  by  the  mucous  membrane  of  the  mouth.  Superficially  it  is  conceale 
the  muscles  above  mentioned,  which  converge  to  the  angle  of  the  mouth; 
separated  from  the  masseter  by  the  suctorial  pad  of  fat ;  it  is  pierced  by  the 
of  the  parotid  gland,  and  by  branches  of  the  long  buccal  nerve. 

Nerve-Scpply. 

The  facial  and  scalp  muscles  are  all  iiiuervated  by  tlie  facial  nerve.  The  pogterior  aui 
branch  supplies  the  retraheiis  aureiu  and  occipitalis ;  the  branches  forming  the  pe$  am 
supply  the  frontalis,  attoUens,  and  attrahens  aureni,  the  several  muscles  associated  wi 
apertures  of  the  eye,  nose,  and  mouth  (including  the  buccinator),  and  the  ]>laty8ma  myoide 

Actions. 

The  almost  infinite  variety  of  facial  expression  is  produced  i)artly  by  the  action  of 
muscles,  partly  by  their  inactivity,  or  bv  the  action  of  antagonising  muscles  (antithesis).  ( 
one  liancl  joy  is,  lor  example,  l)et rayed  \>y  the  action  of  one  set  of  muscles,  while  ffrief  is  i 
paniefl  by  the  contraction  of  another  (oppMf>sing)  set  Determination  or  eagerness  is  accom 
by  a  fixecl  expression  due  to  a  combination  of  muscles  acting  together ;  despair,  on  the 
hand,  is  expn^ssed  by  a  relaxation  of  muscular  action.  For  a  philosophical  account  of  the 
of  the  facial  muscles,  the  student  should  consult  Darwin's  Ej^prtitmm  of  the  Emotions  in  Af< 
Animnh,  and  Duchenne's  Mechanisme  de  la  Phyniolofjie  harnain^.. 

The  platysma  myoides  retracts  and  dei)resseij  the  angh-  of  thu  mouth,  and  depresses  thi 
jaw.  The  occipito- frontalis,  by  its  anterior  belly,  raises  the  eyebrows ;  both  bellies 
together  tighten  the  skin  of  the  scalp ;  acting  ahmg  with  the  orbicularis  j>alp(*brarum,  it 
the  scalp  backwai-ds  and  forwards.  The  corrugator  snpercilii  diaws  inwards  the  ej 
and  vertically  wrinkles  the  skin  of  the  forehead.  The  pyramidalis  nasi  draws  downwai 
skin  between  the  eyebrows,  as  in  frowning.  The  up])er  eyelid  is  rai.sed  by  the  levator  pa 
superioris.    The  closure  of  the  lids  is  effected  l>y  the  orbicularis  palpebrarum,  whose  fibr 
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Levator  palpehrjs  superioris 

REiTUS  INTERN  us 


Rectus  njctfiiuifiiH 
Obliqctus  I|fr«Sli>]l 


Rectus  risrrrKmn. 


i€  lowering  of  the  eyebrows,  in  the  protection  of  tlie  eyeball,  and,  by  pressure  on 
nal  gland,  in  the  secretion  of  te^rs.  The  tensor  tarsi,  acting  along  with  the  orbicularis 
m,  comprefiseB  the  lachrymal  sac  and  aids  in  the  passage  of  its  contents  into  the  nasal 
e  moBCiiM  of  the  ear  and  nose  have  quite  rudimentary  actions  expressed  by  their 
r  the  muscles  of  the  mouth,  the  orbicnlaris  oris  has  a  complex  action,  depending  on  the 
x>ntTaction  of  its  component  parts.  It  causes  compression  and  closure  of  the  lips  in 
.ys,  tightening  the  lips  over  tne  teeth,  contracting  them  as  in  osculation,  or  causing 
protrusion  of  one  or  the  other.  The  accessory  muscles  of  the  lips  draw  them  upwards 
i,  levator  anguli  oris,  levator  labii  superioris  alseque  nasi,  levator  labii  superioris), 
zygomaticuB  major,  risorius,  plat^sma,  depressor  anguli  oris,  buccinator),  and  down- 
reseor  anfi^i  oris,  depressor  laoii  inferioris,  platysma).  The  levator  menti  elevates  the 
;  chin  ana  protrudes  the  lower  lip.  The  buccinator  retracts  the  angles  of  the  mouth, 
3  cheeks,  and  brings  them  in  contact  with  the  teeth. 

The  Fascia  and  Muscles  of  the  Orbit. 

eyeball  with  its  muscles,  vessels,  and  nerves,  is  lodged  in  a  mass  of  soft 

ling  fat  which  entirely  fills  up  the  cavity  of  the  orbit.     Surrounding 

rior  part  of  the  eye- 

18  capenle  of  Tenon, 

constitutes    a    large 

space    or     synovial 

relation  to  the  eye- 

iteriorly  the  capsule 

ntact  with  the  con- 

»,   and   intervenes 

the  latter  and  the 
;  posteriorly  it  is 
by  and  prolonged 
e  optic  nerve.  It  is 
membrane  connected 
lobe  of  the  eye  by 
jolar  tissue.  It  is 
y  the  tendons  of  the 
uscles,  along  which  it  sends  prolongations  continuous  with  the  muscular 

sheaths. 

ORBICULARIS  PALPKBRARUM  rp^^  muscles  of  ths  Orbit  arc  seven 

in  number :  one,  the  levator  palpebrse 
superioris,  belongs  to  the  upper  eyelid ; 
the  other  six  are  muscles  of  the  eyeball. 

The  levator  palpebral  superioris 
lies  immediately  beneath  the  orbital 
periosteum  and  covers  the  superior 
rectus  muscle.  It  has  a  narrow  origin 
above  that  muscle  from  the  margin 
of  the  optic  foramen.  It  expands  as  it 
passes  forwards,  to  end,  in  relation  to 
the  upper  lid,  in  a  membranous  ex- 
pansion which  is  inserted  in  a  fourfold 
manner:  (1)  slightly  into  the  orbicularis 
palpebrarum  and  skin  of  tlie  upper 
lid,  (2)  mainly  into  the  upper  lx>rder  of 
the  tarsal  cartilage,  (3)  slightly  into  the 
conjunctiva,  and  (4)  by  its  edges  into 
the  upper  border  of  the  margin  of  the 
orbital  opening. 

The  recti  muscles  are  four  in 
numl>er — superior,  inferior,  internal,  and 
external.  Tliey  all  arise  from  a  mem- 
branous ring  surrounding  the  optic 
foramen,  which  is  separable  into  two 
origin   to  the   superior   and  intetivaV 


FiQ.  815.— Transvbrsb  Vertical  Section  through  the  Orbft 
BEHIND  the  Eyeball  to  show  the  Arrangement  op  Muscles. 


h- 


Levator  HALi-E(tR<G 


316.— The  Muscles  ok  the  Okhit 
(from  alK)ve). 


superior 

n 


common   tendon y   giving 


406 


THE  MUSCULAE  SYSTEM. 


recti  and  the  upper  head  of  the  external  rectus ;  and  an  inferior  common  ten 
giving  origin  to  the  internal  and  inferior  recti  and  the  lower  head  of  the  extfl 
rectua  The  two  origins  of  the  external  rectus  muscle  are  separated  by  the  pii 
into  the  orbit  of  the  oculo-motor,  nasal,  and  abducent  nerves.  Forming  flatti 
bands  which  traverse  the  fat  of  the  orbit  around  the  optic  nerve  and  eyeball 

four     muixdei 


\ 


LtKVi^Tua  fALPCRBA  nuFCUOKta  (cdI)^ 

Octilth-Tn^»tor 


>awil  itenre 


Abtludctit  nerve 


ObUvIUUB  IMKERIOR  RECTUS  IKFERIOR 

Fio.  317.— Thb  Musclbs  op  thb  Orbit  (from  without). 


in  tendons  «l 
pierce  the  ci^ 
of  Tenon,  and 
mseited  into 
sclerotic  about « 
millimetres  (tl 
to  four  lines)  bd 
the  mai^gin  of 
cornea.  The 
erior  and  in! 
recti  are  inserte 
the  vertical  p 
slightly  interna 
the  axis  of  the 
ball ;  the  ezti 
and  internal  rae 
the  transverse  p 


of  the  eyeball ;  and  all  are  attached  in  front  of  the  equator  of  the  eyeball, 

The  obliquTU  superior  ariseB  from  the  margin  of  the  optic  foramen  beti 
the  recti  superior  and  intemus.  It  passes  forwards  as  a  narrow  muscular  I 
internal  to  the  rectus  superior,  and  at  the  anterior  margin  of  the  orbit  fon 
narrow  tendon  which  passes  through  a  special  fibrous  pulley  (trochlea)  attai 
to  the  roof  of  the  orbit.     Its  direction   is  then  altered,  and  passing  outiv 


I^Achrymal  gland 


Fmntal  r.enre 


Supra-orbital  nene 


LAchryinal  vhtti^. 


Nerven  to  rectua  8ur}pfiiir  aiul 

levator  paliwbrw  im|W5rtarifti 
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ftrom  oculo*muUiT  tii^rvr- 


^      _aai»ra-trogUlBM  nerve 

LlCV4Tdk  FALTCBR^ 
KLFSAJOhU 

.RBTTn^a  gt'i^ltiOR 

KiMial  nerve 
tnrT«'irofibl«Ar  nerve 
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Intemoi 


^LobjF  cilfauy  nerves 


OBLlyi  TH  INKEKIOR 

Fio.  318.— ScHiMATic  Kbprbsbntation  of  thb  Nerves  which  traverse  the  Cavity  of  the  Ob 

between  the  tendon  of  the  superior  rectus  and  the  eyeball,  it  is  inaerted  into 
sclerotic  between  the  superior  and  external  recti,  midway  between  the  margi 
the  cornea  and  the  entrance  of  the  optic  nerve. 

The  obliquns  inferior  arises  from  the  inner  side  of  the  floor  of  the  orbit 
behind  its  anterior  margin,  and  external  to  the  iiaso-lachrymal  groove.  It  fc 
a  slender  rounded  slip,  which  curls  round  the  inferior  rectus  tendon,  and  pi 
between  the  external  rectus  and  the  eyeball,  to  be  inserted  into  the  sclei 
between  the  superior  and  external  recti,  and  farther  back  than  the  supc 
oblique  muscle. 

MtOler^s  muscle  is  a  rudimentary  bundle  of  non-striated  muscular  fibres  bridging  acroe 
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o-marillaiy  fissure  and  infra-orbital  groove.  It  is  supplied  by  fibres  from  the  sympathetic, 
lay  have  a  alight  influence  in  the  protrusion  of  the  eyebalL 

Nkrve-Supply. 

le  muscles  of  the  orbital  cavity  are  supplied  by  the  third,  fourth,  and  sixth  cranial  nerves. 
fourth  nerve  (trochlearis)  supplies  the  obliquus  superior ;  the  sixth  (abducens)  supplies  the 
I  extumus ;  the  third  nerye  (motor  oculi)  supplies  the  otliers — levator  palpebras  superioris, 
superior,  inferior  and  intemus,  and  obliquus  inferior. 

Actions. 

le  lerator  palpebra  saperioris  elevates  the  upper  eyelid  and  antagonises  the  orbicularis 
brarum  muscle.  The  six  muscles  inserted  into  tne  eyeball  serve  to  move  the  longitudinal 
f  the  eyeball  upwards,  downwards,  inwards,  and  outwards,  besides  causing  a  rotation  of  the 
U  on  its  own  axiSb  The  iUlowing  table  expresses  the  action  of  individual  muscles.  It  must 
membeied  that,  while  similar  movements  occur  simultaneously  in  the  two  eyebaUs,  the 
»ntal  uiovements  may,  by  adduction  of  the  muscles  of  both  sides,  cause  convergence  of  the 
f  the  two  eyeballs  for  the  purposes  of  near  vision. 


a.  Adduction      and      Abduction. 


Rectus  intemus 
Rectus  superior^ 
Rectus  inferior  / 


Rectus  extemus 

Obliquus  superior  \(corr«;^tngf 

Obliquus  inferior  JaddiLctors) 


Rectus  superior 
Obliquus  inferior 


6.  Elevation      and      Depression. 

Rectus  inferior 
I        Obliquus  superior 


e.  Botation  outwards. 


Rotation  inwards. 


Obliquus  inferior 


Obliquus  superior 


gold  (itL*crtkkn> 


fJDiftftbti) 


Muscles  of  Mastication. 

lie   muscles  of  mastication   comprise    the   masseter,   temporal,  external  and 
lal   pterj'goids, 
buccinator  (de- 

?d  aVx)Ve\  Tetnt<iml  (pirt 

he  masseter 

in  origin  which 

irtly  tendinous 

xirtly  fleshy.  It 

3  in  two  parts : 

iperticiaUyfrom  Kn^n.^i,^n 

lower  border  of  f-rorlj^snj 


infehdriA  (urbgln), 
f'jrigiiv) 
(Insfrtiopil 


FlO.   319. — MrSCLK-ATTACHMKXTS    TO   THK    OUTKR  ASPKCT   OK   THK    LOWKU   JaW. 


zygoma   m    its 

rior  two-thirds.  i^^r^ur  i 

[2)  more  deeply     anguU  oriRtnri|;tJi)J 

the  deep  or 
r  surface  of  the 
ma  in  its  whole 
:h.  The  suj>er- 
1  fibres  are 
;ted  downwards 
backwards  to- 
tS   the  angle  of 

jaw;  the  deeper  fibres  are  directed  vertically  downwards.  The  muscle  is 
ted  by  fleshy  and  tendinous  fibres  into  the  outer  surface  of  the  ramus  and 
e  of  the  lower  jaw  and  the  corouoid  process  (Fig.  319,  p.  407).  The  deepest 
s  blend  with  the  fibres  of  the  subjacent  temporal  nmscle. 
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The  masseter  muscle  occupies  the  posterior  part  of  the  cheek.     It  is  cove 
the  parotid  gland,  and  is  crossed  by  Stenson's  duct  and   the   brancheB 


Epicranial  aix>nPuroHiK 


Temporal  fkBcia. 


Temporal  fascia  {i\f-'-]> 
iLivr ) 


Ot-CIPITO-FRON  T  A  (J- 
TCMI*ORAL  MI.  As't-i. 

Anriclo-t«iiipoml 

JWTVf 

Superficial  teinrwni] 
artery 

Mashetkr  (deep  llbntti] 


Parotid  gl*nil 

(drawn  backw^irdet- 

and  dowiiwArd#) 


EvnCiHATtCt  t*  MAJOB 


— Sli?ji**jri"«  duct 


BOITCISATOB 


Facial  irter}' 


Fkj.  320.— Muscles  ok  Mastication  (sui)erficial  view). 

facial  nerve.     It  conceals  the  lower  jaw  and  a  part  of  the  temporal  muscle,  and 
separated  from  the  buccinator  muscle  anteriorly  by  a  pad  of  fat. 

The  temporal  mm 
^"mL^;^)  ^A  cle  is  a  fan. shape 
muscle  arising  from  th 
whole  area  of  thi 
temporal  fossa,  as  wdl 
as  from  the  temponi 
fascia  which  covere  it 
Its  converging  fihw 
pass  l>eneath  the  zygo- 
matic arch.  In  th( 
]>terygoid  region  th 
muscle  is  insMted  inU 
the  deep  surface  aiw 
apex  of  the  coronoi 
process,  and  into  tt 
anterior  border  of  tl 
raiuus  of  the  lower  ja 
(Figs.  319,  p.  407,  an 
321,  p.  408). 

The  muscle  is  coi 
cealed  by  the  tempoi 
fascia,  zygoma,  the  ma 
seter  muscle,  and  the  con)noid  process.  It  crosses  over  the  external  pterygc 
muscle  and  the  internal  maxillary  arterj'. 

The  external  pterygoid  muscle  arises  by  two  heads,  upj)er  and  lower.  T 
upper  head  is  attached  to  the  under  suri'ace  of  the  great  wing  of  the  sphenoid ;  t 
lower  head  takes  origin  from  the  outer  surface  of  the  external  pterygoid  plate.     T 


Fio.  321 


-Muscle- Att.vchments  on  the  Inner  Side  ok  thk 
LowEU  Jaw. 
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oacle  is  directed  outwards  and  backwards,  to  be  inserted  into  (1)  the  depression  in 
ant  of  the  neck  of  the  lower  jaw  (Figs.  319,  p.  407,  and  321,  p.  408),  and  (2)  the 
fcer-artieular  fibro-cartilage  and  capsule  of  the  tenij)oro-niaxillary  articulation. 
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Fn:..   :V22. — Muscles  of  Mastication,  Dkepeu  Vikw  (zygoma  ami  masseter  iiiusclc  removed). 

The  muscle  is  placed  deeply  in  the  pterygoid  region.     Covered  by  the  tempoml 
msc-le  and  coron«»id  process,  it  jmrtially  conceiils  the  internal  pterygoid  muscle 
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ml  tlie  trunk  and  branches  of  the  inferior  maxillary  nerve.  The  internal  niaxillarv 
■irterr  jwi.sscs  over  or  under  the  nius^-lu,  and  disa])|.ears  between  its  two  lumds  ot 
f'n::iij  on  its  way  to  the  sphenu-niaxillaiy  fossa. 
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The  internal  pterygoid  muscle  has  likewise  a  double  origin— (1)  from  the  ^ 

surface  of  the  external  pterygoid  plate  and  the  tuberosity  of  the  palate,  and  j 
by  a  stout  tendon  from  the  tuberosity  of  the  upper  jaw.  Its  two  heads  of 
embrace  the  lower  fibres  of  the  external  pterygoid  muscle.  It  is  quadrilat 
form,  and  is  directed  downwards,  outwards,  and  backwards,  to  be  inserted 
triangular  impression  on  the  inner  surface  of  the  lower  jaw,  between  the 
hyoid  groove  and  the  angle  of  the  bone  (Fig.  321,  p.  408). 

The  muscle  is  covered  over  by  the  external  pterygoid  muscle,  by  brandieii 
the  inferior  maxillary  nerve,  and  by  the  internal  lateral  ligament  and  ramus  i 
the  lower  jaw.  Beneath  it  are  the  Eustachian  tube,  muscles  of  the  soft  palate,  i 
the  pharynx  (superior  constrictor). 

Nerve-Supply. 

The  inferior  maxillary  division  of  the  fifth  nerve  supplies  all  the  muscles  of  mastic 
except  the  buccinator,  which  is  supplied  by  the  facial  nerve.  The  internal  ptervgoid  mmek] 
supplied  by  the  nerve  before  its  division  into  anterior  and  posterior  parts ;  the  otner  musdes  r 
innervated  by  the  anterior  trunk. 

Actions. 

The  above  muscles,  assisted  by  others  in  the  neck,  produce  the  various  movements  of  1 
lower  jaw,  as  follows : — 


cu  Opening        and        Closure  of  the  Jaw. 


Weight  of  the  jaw  j  Masseter 

Digastric 

Mylo-hyoid 

(Jenio-hyoid 

Genio-hyo-glossus 

Infra-hyoid  muscles 


Temporal 
Internal  pterygoid 


External  pterygoid 
Internal  pterygoid 
Temporal  (anterior  fibres) 


b.  Protmsion        and       Retraction.  | 

Temporal  (posterior  fibres)  ' 


_  L       I 

j 
c.  Lateral  Movement  of  the  Jaw. 


f^:f:^}^'^'^^^VofoneMe) 


Internal         „        / 


THE  MUSCLES   OF  THE   NECK. 

The  muscles  in  the  neck  include,  in  addition  to  those  included  in  the  deecriptkn 
of  the  muscles  of  the  back  (p.  395),  the  following  series :  (1)  sterno-cleido- 
mastoid ;  (2)  the  muscles  of  the  hyoid  bone  (supra-hyoid  and  infra-hyoid)  ;  (3)  tiia 
muscles  of  the  tongue  (extrinsic  and  intrinsic) ;  (4)  the  muscles  of  the  pharynx  and 
soft  palate  ;  and  (5)  the  prsevertebral  muscles. 

The  stemo-cleido-mastoid  muscle  is  the  prominent  muscle  projecting  on  the 
side  of  the  neck.  It  arises  by  two  heads — (1)  a  narrow  tendinous  sternal  head, 
from  the  anterior  surface  of  the  manubrium  sterni  (Fig.  246,  p.  322),  and  (2)  a 
broader  clavicular  origin,  partly  tendinous,  partly  fleshy,  from  the  upper  surface  of 
the  clavicle  in  its  inner  third  (Fig.  243,  p.  319).  The  muscle  is  inserted  into  the 
outer  surface  of  the  mastoid  process  and  into  the  superior  curved  line  of  the  occipitai 
bone  (Fig.  324,  p.  411). 

The  stemo-cleido- mastoid  muscle  stretches  obliquely  across  the  neck,  and 
separates  the  anterior  and  posterior  triangles  from  one  another.  Superficiallj  it 
is  covered  by  the  platysma  myoides  muscle,  the  external  jugular  vein,  and  some 
of  the  superficial  branches  of  the  cervical  plexus.  It  conceals  the  splenius  capitis, 
digastric,  levator  anguli  scapuke,  scaleni  and  infra-hyoid  muscles,  the  carotid 
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heath,  the  oervical  plexus,  and  the  spinal  accessory  nerve.     The  last-named  nerve 
the  muscle. 


The  stemo-cleido-mastoid  muscle  is  properly  divisible  into  three  parts :  (1)  stemo-mastoid, 
laoed  superficially,  and  passing  obliquely  from  the  sternum  to  the  mastoid  process ;  (2)  cleido- 
~    '  " " ,  placed  more  deeply,  and  directed  vertically  upwards  from  the  clavicle  to  the  mastoid 
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R<>ctiu  oap^itlft  poeticui^  minor 


capitis  poAtteus  m^or 


Tnipe]diu  ^c^rtgin) 


iniiertioTi) 


.-^(Insertidti) 


■liiltiuis  superior  (lUAei 


Rectus  capitis  Liljt?T&lln  (iusKrticn]) 

Rectus  c&pitis  Hziticns  minor  fiiuertion 


Superior  coniCrictor  of  phsrjniE  (tttMntfon) 


Rectia  cspltlB  Antfcua  major  (luicriioiO- 

Fio.  824. —Muscle- Attachmbnts  to  Occipital  Bone  (Inferior  Surface). 

ocesd  ;  and  (3)  cleido-occipitalis,  passing  obii<juely  upwards  and  backwards  behind  the  cleido- 
iiStoid  to  the  superior  curved  line  of  the  occipital  bone. 

The  stemo-mastoid  muscle  is  innervated  hy  the  spinal  accessory  nerve,  joined  by  a  branch 
)in  the  cenacal  plexus  (C.  2). 

The  action  of  the  muscle  is  referred  to  below. 


The  Muscles  of  the  Hyoid  Bone. 

The  muscles  attached  to  the  hyoid  bone  are  in  three  series:  (1)  infra-hyoid 
[luscles,  connecting  the  hyoid  bone  to  the  scapula,  thorax,  and  thyroid  cartilage ; 

2)  supra-hyoid  muscles,  connecting  it  to  the  lower  jaw,  cranium,  and  tongue ;  and 

3)  the  middle  constrictor  muscle  of  the  pharynx. 

The  infra-hyoid  muscles  comprise  the  omo-hyoid,  sterno-hyoid,  sterno-thyroid, 
aind  thyro-hyoid  muscles. 

The  omo-hyoid  is  a  muscle  with  two  bellies,  anterior  and  posterior.  The 
posterior  belly  arises  from  the  superior  border  of  the  scapula  and  the  suprascapular 
hgament  (Fig.  250,  p.  325).  It  forms  a  narrow  muscular  band,  w^hich  is  directed 
obUquely  forwards  and  upwards,  to  end  in  an  intermediate  tendon  beneath  the 
Btemo-mastoid  muscle.  From  this  tendon  the  anterior  belly  proceeds  upwards  to 
he  inaerted  into  the  outer  part  of  the  lower  border  of  the  body  of  the  hyoid  bone. 

The  posterior  belly  of  the  muscle  separates  the  posterior  triangle  into  occipittd 
and  subclavian  parts;  the  anterior  belly  crosses  the  common  carotid  artery  at  the 
level  of  the  cricoid  cartilage,  and  in  the  anterior  triangle  forms  the  boundary 
lietween  the  muscular  and  carotid  triangles.  A  process  of  the  deep  cervical  fascia 
binds  down  the  tendon  and  the  posterior  belly  to  the  scapula  and  the  first  rib. 

The  stemo-hyoid  muscle  arises  from  the  posterior  surface  of  the  presternum, 
from  the  back  of  the  first  costal  cartilage,  and  from  the  clavicle  (Fig.  243,  p.  319). 
It  passes  vertically  upwards  in  the  neck,  internal  to  the  omo-hyoid  and  in  front  of 
the  Bterno-thyroid  muscle,  to  be  inserted  into  the  inner  part  of  tlie  body  of  the 
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hyoid  bone.     Except  near  its  origin  the  muscle  lies  superficially  in  the 
triangle,  alongside  the  omo-hyoid  and  in  front  of  the  stemo-thyroid  and 
hyoid  muscles,  the  tracliea  and  the  thyroid  body. 

The  stemo-thyroid  muscle  arises  beneath  the  sterno-hyoid  from  the 
the  presternum  and  first  costal  cartilage.     Broader  than  the  preceding  mu 
passes  upwards  and  slightly  outwards  in  the  neck  in  front  of  the  trachea 
thyroid  body,  and  beneath  tlie  omo-hyoid  and  sterno-hyoid  muscles,  to  be  i 

Hyi)ORlo8saI  nerve    Vagus  nerv»> 
RecuTTt'iit  bfuich    |      I       Superior  cenlcaJ  ^nffUon  of  the  tiympitlietlQ 

First  cervical  nCTVP 


Second  cer\'ical  norvs 


Thinl  cerrftail  irerve 
Stvl«>-ph  ab  yso  El 


rhar}*ngeal  brainvh  of  vngui* 

Descendenn  hy|«-KUw«r- 

Middle  ookfthictor- 
Descendenji  wrvicii 

Int^nial  laryniEflftl  ner?  i' 

l.VKERIOR  CCtanffBICTOA 


OmQ»0T01D 


STYLn.Hiroio 


fua  Aerate 


Fi«.  325.— The  Muscles  of  thk  Hyoid  Bone  and  Styloid  Process,  and  the  Extrinsic  Muscu 

OF  THE  Tongue,  with  their  Nerves. 


into  the  oblique  line  of  the  thyroid  cartilage.     The  muscle  is  marked  by  an  oblic 
tendinous  intersection  in  the  middle  of  its  length. 

The  thyro-hyoid  muscle  continues  the  line  of  the  preceding  muscle  to 
hyoid  bone.     Short  and  quadrilateral,  it  arises  from  the  oblique  line  of  the  thyr 
cartilage,  and  passing  over  the  thyro-hyoid  membrane  beneath  the  omo-hyoid  t 
sterno-hyoid,  it  is  inserted  into  the  body  and  great  cornu  of  the  hyoid  bone. 

The  levator  glandnls  thsrroidesB  is  an  occasional  slip  stretching  between  the  hyoid  I 
and  the  isthmus  or  pyramid  of  the  thyroid  body. 

The  supra-hyoid  muscles  comprise  the  digastric,  stylo-hyoid,  mylo-hy< 
genio-hyoid  muscles,  and  also  two  muscles,  the  genio-liyo-glossus  and  hyo-gloei 
which  will  be  described  along  with  the  extrinsic  muscles  of  the  tongue. 
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The  digastric  xnuaole^  as  its  name  implies,  possesses  two  bellies — anterior  and 
OBtorior.  The  posterior  beUy  arises  from  the  digastric  groove  beneath  tlie  mastoid 
Kooess.  It  is  directed  forwards  and  downwards  to  end  in  an  intermediate  tendon, 
ifcich  is  connected  by  a  pulley-like  band  of  cervical  fascia  to  the  body  of  the  hyoid 
ifeiie.  The  anterior  belly  of  the  muscle  is  directed  forwards  and  upwards  to  the 
bin,  and  is  iiuerted  into  an  oval  impression  on  the  lower  border  of  the  mandible 
klBe  to  the  symphysis  (Fig.  327,  p.  414).  The  muscle,  forms  the  boundary  of  the 
i&bmaxillary  space.     The  posterior  belly  is  concealed  at  its  origin  by  the  mastoid 


MrLO-Uiruttii 

DlOAiiTniC 
iKFlJHIOli 


CHlTflTJtHimB 


StKIWO  rilYKOID 


Fig.  326. — Thb  Thianciles  ov  the  Xkck  (Muscles). 

ppN.^ess  and  the  muscles  attached  to  it.  In  company  with  the  stylo-hyoid  muscle 
it  crosses  the  carotid  vessels  and  the  hypoglossal  nerve  in  the  anterior  triangle. 
The  anterior  belly  of  the  digastric  covers  the  mylo-hyoid  muscle. 

The  stylo-hyoid  muscle  arises  from  the  styloid  process  of  tlie  temporal  hone 
near  its  base,  and  is  inserted  intc>  the  bcxly  of  the  hyoid  bone  by  two  slips  which 
enclc^e  the  tendon  of  the  digastric  umscle.  It  is  directed  downwards  and  forwards 
alongside  the  posterior  belly  of  the  digjistric,  and  crosses  the  anterior  triangle  in 
fp>nt  of  the  carotid  vessels. 

The  mylo-hyoid  muscle  arises  from  the  lower  three-fourths  of  the  mylo-hyoid 
ridge  of  the  lower  jaw  (Fig.  327,  p.  414).  It  is  directed  downwards  and  inwards, 
to  Ixi  inserted  into  (1)  the  upper  border  of  the  body  of  the  hyoid  bone,  and  more 
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Fk;.  327.— Mi'scle-Attachments  on  the  Inner  Side  of  the 
Lower  Jaw. 


anteriorly  (along  with  the  opposite  muscle)  into  (2)  a  median  raphe  extendin 
the  hyoid  bone  neariy  to  the  chin.     The  muscle  forms  a  diaphragm  in  the 

the  mouth,  and 
^l5';!™-';iS.,  ^;^  contact  with  ito 
ficial  or  external  i 
the  digaatric  mnai 
the  submaxillary 
Its  deep  or  ii 
surface  is  par 
covered  by  the  i 
membrane  of  th 
of  the  mouth,  i 
separated  from  tl 
glossus  and  geni 
glossus  muscles 
deep  part  of  th 
maxillary  glam 
suldingual  gland, 
ton'sductandthe 
and  hypoglossal  i 
The  genio  • 
muscle  arises  fr 
lower  of  the  two 
tubercles  on    th< 

of  the  symphysis  of  the  lower  jaw  (Fig.  327,  p.  414).  It  is  directed  dow 
and  backwards,  to  be  inserted  into  the  front  of  the  l)ody  of  the  hyoid  bone 
muscle  lies  along  the  lower  border  of  the  genio-hyoglossus,  and  is  conces 
the  digastric  and  mylo-hyoid  muscles.  The  muscles  of  opposite  sides  ar 
fused  together. 

The  Muscles  of  the  Tongue. 

The  muscular  substance  of  the  tongue  consists  of  two  symmetrical  a 
muscles  placed  on  either  side  of  a  membranous  raplie  in  the  middle  line, 
composed  of  (1)  extrinsic  muscles  arising  from  the  soft  palate,  styloid  process 
bone  and  lower  jaw,  and  (2)  intrinsic  muscles  projxir  to  the  tongue  itself, 
set  consists  of  four  series  of  muscles. 

The  extrinsic  muscles  are  four  in  number:  (1)  genio-hyo-glossus,  (: 
glossus,  (3)  stylo-glossus,  and  (4)  palato-glossus. 

The  genio-hyo-glossus  muscle  (Fig.  325)  is  an  extrinsic  muscle  of  the 
£is  well  as  a  supra-hyoid  muscle.  It  is  a  fan-shaped  muscle  arising  by  ii 
from  the  upper  of  the  two  genial  tubercles  behind  the  symphysis  of  the  W 
(Fig.  327,  p.  414).  From  this  origin  the  muscular  fibres  diverge ;  the  lowes 
are  directed  downwards  and  backwards,  to  be  inserted  into  the  Ixnly  of  the 
bone ;  the  highest  fibres  curve  forwards,  to  be  attiiched  to  the  tip  of  the  t 
the  intermediate  fibres  are  attached  to  the  sulistance  of  the  tongue  in  its 
length  between  the  base  and  tip.  The  muscles  of  opposite  sides  an.^  separa 
the  median  raphe  of  the  tongue.  On  the  outer  side  of  each  are  the  hyo-glo« 
mylo-hyoid  muscles.  Between  the  hyo-gl(»ssus  and  genio-hyo-glossus  are  pla( 
stylo-hyoid  ligament,  the  lingual  arter}',  and  the  glos80-phar}'ngoal  nerve. 

The  hyo-glossus  muscle  is  also  an  extrinsic  musclt*  of  the  tongue  as  w 
supra-hyoid  muscle.  It  arises  from  the  hyoid  bone  (body  and  great  comu), 
directed  upwards  and  forwards, to  be  inserted  into  the  side  ot  the  tongue.its  fibre 
lacing  at  its  insertion  with  the  fibres  of  the  stylo-^^lossus.  The  muscle  is  quadri 
and  lies  between  the  genio-hyo-glossus  and  mylo-hyoid  muscles,  separated  fr 
latter  by  the  mucous  membrane  of  the  floor  of  the  mouth,  the  sublingual  ar 
of  the  submaxillar}'  glands,  the  lingual  and  hypoglossal  ntTves,  and  Wharton 

The  chondro -glossus  la  a  small  separated  sUp  of  the  hyo-glossa-^,  not  always  present. 

The  stylo-glossus  muscle  arises  l)eneath  the  parotid  gland  from  the  lo^ 


THE  MUSCLES  OF  THE  TONGUE. 


415 


lie  styloid  process  and  from  the  stylo-mandibular  ligament.  It  sweeps  forwards 
inwards,  and  is  inserted  into  the  side  and  under  surface  of  the  tongue,  its 
»  spreading  out  to  decussate  with  those  of  the  palato-glossus  and  hyo-glossus 
icles.  It  is  covered  by  the  internal  pterygoid  muscle  and  by  the  mucous 
abrane  of  the  tongue. 

The  palato^OBSUs  is  a  thin  sheet  of  muscular  fibres  arising  from  the  under 
ace  of  the  soft  palate,  where  it  is  continuous  with  fibres  of  the  opposite  muscle. 
Mwses  downwards  in  the  anterior  pillar  of  the  fauces,  and  spreads  out,  to  be  in- 
isd  into  the  sides  of  the  tongue,  blending  with  the  stylo-glossus  and  the  deep 
isverse  fibres  of  the  tongue.  The  muscle  is  placed  directly  beneath  the  mucous 
nbrane  of  the  soft  palate  and  tongue. 

Intrinsic  Muscles  of  the  Tongue. — Besides  receiving  the  fibres  of  insertion 
he  extrinsic  muscles,  the  substance  of  the  tongue  is  composed  of  four  intrinsic 
scles  on  either  side,  two  in  the  sagittal  plane,  the  superior  and  inferior  linguales ; 
I  in  the  coronal  plane,  the  transverse  and  vertical  fibres. 

The  saperior  llngualifl  muscle  extends  from  base  to  tip  of  the  tongue,  placed  on 
dorsum  immediately  under  the  mucous  membrane,  into  which  many  of  its  fibres 
inserted. 

The  inferior  lingnalis  is  a  cylindrical  band  of  muscular  fibres  occupying  the  under 
t  of  the  organ  on  each  side,  in  the  interval  between  the  genio-byo-glossus  and 
hyo-glossus  muscles.  Posteriorly  some  of  its  fibres  extend  to  the  hyoid  bone. 
The  transverse  fibres  arise  from  the  median  raphe,  and  radiate  outwards  to  the 
sum  and  sides  of  the  tongue,  decussating  with  the  extrinsic  muscles  and  the 
es  of  the  vertical  muscle.  They  occupy  the  substance  of  the  tongue  between 
superior  and  inferior  linguales. 

The  so-called  vertical  fibres  arise  from  the  dorsal  surface  of  the  tongue,  and 
ep  do^-nwards  and  outwards  to  its  sides,  intermingled  with  the  fibres  of  the 
vious  muscle  and  the  insertions  of  the  extrinsic  muscles.  These  two  muscles 
u  a  very  considerable  part  of  the  total  muscular  substance  of  the  organ. 

Nerve-Supply. 

The  miL^cles  of  the  hyoid  bone  and  of  the  tongue  are  for  the  most  part  supplied  by  the  ansa 
rtcalis  (C.  1.  2.  3.)  and  by  the  hypoglossal  nerve.  A  few  of  the  muscles  are  supplied  by  the 
ffininal,  facial,  and  spinal  accessory  nerves. 


Huiclei. 


Omo-hyoid  . 

Stemo-hyoid 

Stemo-tliyroid 

Thyro^hyoid 

Genio-hyoid 

Qenio-hyo-glossus 

Hyo-glossus 

Stylo-glossus 

Intrinsic  muscles  of  tongue 

Palato-glossus 

Mylo-hyoid 

Digastric 

Anterior  }ye\\y 

Posterior  belly 
Stylo-hyoid 


Nerves. 


LAnsa  cervicalis  . 


Hypoglossal 


Origin. 


C.  1.  2.  3. 


C.  1.  2. 


Pharyngeal  plexus    . 

1 1  Mylo-hyoid  branch  of  in- 
!  I      ferior  dental  nerve 

I 


I  /"Hypoglossal. 
Spinal  accessory. 


Facial 


Trigeminal. 
Facial. 


Actions. 


These  muscles  have  a  complexity  of  action,  owing  to  their  numerous  attachments  to  more 
'.S5  movable  points.  The  movements  for  which  they  are  responsible  in  whole  or  part  are  (1) 
emeuts  of  tne  hyoid  bone  in  ma,><tication  and  deglutition,  (2)  movements  of  tiie  thyroitl 
ilage,  (3)  movements  of  the  tongue,  (4)  movements  of  the  head,  (5)  movements  of  the  shoulder, 
(6;  respiration. 
1)  Movements  of  the  Hyoid  Bone. — The  hyoid  bone  is  elevated  or  depressed,  and  moved 
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forwards  or  backwards  along  with  the  lower  jaw  and   tongue,  in  speech,  masticatic 
swaUowing. 


a.  Eleyation 

and    DepressioxL 

b.  Protraotion 

and    Beiraction. 

Digastric 

Thyro-hyoid 

1   Genio-hyoid 

Stjrlo-hyoid 

Stylo-hyoid 

Stemo-hyoid 

Genio-hyo-glossus 

1 

Middle  constrict 

Mylo-hyoid 

1  Onio-hyoid 

Genio-hyoid 

1  Stemo-thyroid 

ii 

Genio-hyo-glossus 

HyO-gl088U8 

Muscles    closing    the 

'I 

mouth 

'! 

(2)  Movements  of  the  Thyroid  Oartilage.— The  thyroid  cartilage  is  raised  and  1 
during  speech  and  deglutition. 


Elevation. 

Dapreuion. 

Thyro-hyoid 
Stylo-pharyngeus 
Palato-phanrngeus 
Elevators  of  hyoid  bone 
Muscles  closing  mouth 

Stemo-thyroid 
Crico-thyroid 
Depressors  of  hyoid  bone 

(3)  Movements  of  the  Tongue. — The  chief  movements  of  the  tongue  in  speech  fi 
glutition  are  elevation  and  depression,  protrusion  and  retraction,  and  lateral  movements. 


a.  Elevation      and      Depression. 


Stylo-glossus  (base) 

Palato-glossus 

Muscles  elevating  hyoid  bone 

Muscles  closing  mouth 


Genio-hyo-glossus 

Hyo-glossus 

Chondro-glossus 

Muscles  depressing  the  hyoid  bone 


b.  Protmsion      and      Retraction. 


Genio-hyo-glossus  {posterior  fibre$) 


Genio-hyo-glossus  (anterior  fibres) 
Stylo-glossus 


c  Lateral  Movements. — The  muscle^)  of  one  side  only. 


(4)  Movements  of  the  Head. — The  stemo-mastoid  muscles,  acting  together,  flex  the  1 
the  spinal  column,  assisted  by  the  supra-hyoid  and  infra-hyoid  muscles.  The  stemo-i 
muscle  of  one  side,  acting  alone,  bends  the  head  to  the  same  side,  and  simultaneously  ro 
to  the  omxwite  side,  as  seen  in  torticollis  (wryneck). 

(5)  Movementsof  the  Shoulder  Girdle.— The  omo-hyoid  and  stemo-mastoid  musch 
already  been  included  among  the  elevators  of  the  shoulder  girdle. 

(6)  Bespiration. — The  muscles  in  the  front  of  the  neck  are  auxiliary  muscles  in  extraoi 
or  difficult  inspiration.  The  masseter  and  temporal  muscles  fix  the  lower  jaw ;  the  hyoi 
is  raised  and  fixed  by  the  supra-hyoid  muscles ;  and  the  sternum  is  raised  by  the  stemo-i 
and  infra-hyoid  musdes. 

The  Muscles  of  the  Pharynx. 

The  muscular  envelope  of  the  pharynx  is  composed  of  two  strata.     The  ea 
or  circular  layer  consists  of  the  three  constrictor  muscles ;  the  internal  or 
tudinal  layer  consists  of  the  fibres  of  the  stylo-pharyngeus  and  palato-pharj 
muscles. 

The  superior  constrictor  muscle  is   triangular  or  fan -shaped.      It 
successively  from  the  lower  half  of  the  posterior  border  of  the  internal  pte 
plate,  from  the  pterygo-mandibular  ligament,  from  the  mylo-hyoid  ridge 
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ver  jaw  (Fig.  327,  p.  414),  and  from  the  mucous  membrane  of  the  lloor  of  the 
>uth  [glossO'pharyngeus).  The  muscular  fibres  radiate  backwards,  and  are  inserted 
•  the  most  i»art  into  a  median  raphe  extending  down  the  back  wall  of  the  pharynx 
the  middle  line.  The  highest  fibres  are  attached  to  the  pharyngeal  spine  of  the 
:ipital  bune  (Fig.  333,  p.  421),  and  the  lowest  fibres  are  overlapped  by  the 
.ddle  constrictor-     A  crescentic  in-  .«.    „„  .««„.„^:.  „*  ♦»,«  «k«„„.^ 

Ill  Fioroua  apnneurosis  of  the  pharynx 

rval  occurs  above  the  muscle,  below 
e  hise  of  the  skull,  in  which  the 
isUichiiin  tube  and  the  levator  and 
DSur  ^lalati  muscles  appear.  Its 
wer  lK»rder  is  seiwirated  from  the 
Lddle  constrictor  by  the  stylo- 
laryugeus  muscle  and  the  glosso- 
laryngeal  nerve.  The  superior 
BStrictor  muscle  separates  the  in- 
mal  carotid  artery  from  the  cavity 
the  pharynx  and  tonsil 

Tiie  middle  constrictor  muscle 
ises  from  the  stylo-hyoid  ligament 
id  from  both  cornua  of  the  hyoid 
)ne.  From  its  origin  the  muscular 
bres  radiate  backwards,  to  be  in- 
irted  into  the  median  raphe  on  the 
oslerior  aspect  of  the  pharynx.  The 
pper  fibres  overlap  the  lower  part  of 
he  suiHTior  constrictor;  the  lower 
ibrt?s  are  concealed  from  view  by  the 
aferior  constrictor  muscle.  In  the 
nierval  between  the  middle  and 
nferiuf  constrictors  are  found  the 
niernal  laryngeal  artery  and  nerve. 

The  inferior  constrictor  muscle 
irises  from  the  oblique  line  of  the 
thyr«)id  cartilage,  and  from  the  side 
if  the  cricoid  cartilage.  Its  fibres 
nuliaUj  'hack wards,  to  be  inserted  into 
the  int'diaii  mphe  on  the  back  of  the 
|»h;irynx,  the  upj)er  fibres  overlapping  the  lower  part  of  the  middle  constrictor, 
the  lower  fibres  blending  with  the  muscular  fibres  of  the  a^sophagus.  Bt^low  the 
lowrr  Uirder  of  the  muscle  the  inferior  laryngeal  artery  and  nerve  enter  into  relation 
with  tht^  larynx. 

The  deeper  longitudinal  stratum  of  muscles  in  the  i)haryngeal  wall  is  eoni- 
\io»'\  of  the  insertions  of  the  stylo-pharyngeus  and  palato-pharyngeus  niusulea. 

The  stylo-pharyngeus  arises  from  the  root  of  the  styloid  process  on  its  inner 
<\\\",  and  pa.*^ert  downwards  l)etwfen  the  external  and  internal  carotid  arteries.  It 
t-uiiTrt  tht'  wall  of  the  pharynx  in  the  interval  between  the  suyKirior  and  middle 
•••rwfriclor  musclea  Spreading  out  beneath  the  middle  constrictor  muscle,  it  is 
inserted  into  the  superior  and  posterior  borders  of  the  thyroid  cartilage  and  into 
lh»^  wall  of  the  pharynx  itself,  becoming  continuous  ]K)steriorly  with  the  j)alato- 
(thuryn^eus.  In  the  neck  the  glosso-pharyngeal  nerve  winds  round  it  <m  its  way 
l'»  th»*  tongue. 

The  palato-pharyngeus  occupies  the  soft  palate  and  the  pharyngeal  wall.  In 
lljt- i^uhstance  of  the  soft  ])alate  it  consists  of  two  layers,  a  postero-superior  layer, 
ihiri.  ami  c  lutinuous  across  the  middle  line  with  the  corresponding  hiyer  (»n  the 
'}'|H»siie  siile,  and  an  antero-inlerior  layer,  which  is  thicker,  and  is  attached  to  the 
j-ostcri'T  border  of  the  hard  palate.  The  levator  palati  and  azygos  uvula*  muscles 
ir..'  «uclo>«ed  between  the  two  laytTs,  which  unite  at  the  posterior  edge  (jf  the  pilate, 
r  ceiving  at  the  sani;;  time  additional  fibres  arising'  from  the  Eustachian  tube 
<'i^lHngo-pharf/7igeus).  The  muscle  descends  to  the  pharynx  in  the  posU^ior  pillar 
30 
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of  the  fauces.  Its  fibres  spread  out  in  the  form  of  a  thin  sheet  in  the  wi 
the  pharynx,  in  continuity  anteriorly  with  the  stylo-pharyngeus,  and  are  iai 
into  the  posterior  border  of  the  thyroid  cartilage,  and  behind  that  into 
aponeurosis  of  the  pharynx,  reaching  down  as  far  as  the  lower  border  of  the  ioi 
constrictor.  The  muscle  is  placed  beneath  the  middle  and  inferior  constrictoi 
the  pharyngeal  wall,  and  the  fibres  of  the  muscles  of  opposite  sides  decussate  ii 
middle  line  beneath  the  median  raphe. 


Buccinator 


■Tknj^oh  r*i.ATi  1ii^(u:lb 
ll.iiitiu'Mfttii  inUto 

8TiT-£[ttOA  cc*X«ri%irTon 

&T  vi.o-rii  A  n  vwn  iii^n 
SnrLooi^niet'a 


The  Muscles  of  the  Soft  Palate. 

The  soft  palate  and  uvula  form  a  muscular  fold,  covered  on  each  surfac 
mucous  membrane,  projecting  backwards  into  the  pharynx,  and  forming  the  poet 

part  of  the  ro 
the  mouth. 

The  mu9 
fold  is  compoe 
five  pairs  of 
cles — the  pa 
pharyngeus 
salpingo  -  pha 
geus),  az 
uvulae,  lev 
palati,  te 
palati,  and  pa 
glossus. 

The  pal 
pharyngeiui 
clehasl)eenah 
described  (p. 
among  the  mu 
of  the  pharyn 
The  as] 
uvolfle  consist 
two  narrow  bui 
enclosed,  a 
with  the  inse 
of  the  lev 
palati,  betwee 
layersofthepa 
pharyngeus. 
slips  arise  froi 
posterior  r 
spine  and  the 
neurosis  of  th 
palate,  and 
as  they  pr 
backwards  U 
in  the  uvula. 
The  lev 
palati  has  ad 
origin :  (1) 
the  under  si 

of  the  apex  of  the  petrous  portion  of  tlie  temporal  bone,  and  (2)  from 
lower  i)art  of  the  cartilaginous  Eustachian  tube.  It  passes  obliquely  c 
wards  and  inwards,  across  the  upper  border  (jf  the  sujverior  constrictor  m 
and  enters  the  soft  palate  between  the  two  layers  (►f  tlio  i)alato-pharyngeu8  m 
It  is  inserted  into  the  aponeurosis  of  the  soft  {^late,  and  some  of  its  fibres  be 
continuous   with  those  of  the  opposite  muscle.     It  is  separated  from  the  t 
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pftlati  muscle  by  the  Eustaohian  tube  and  the  deeper  layer  of  the  palato-pharyngeus 
■made. 

The  tensor  (drcninfleziis)  palati  arises  (1)  from  the  scaphoid  fossa  and  the  alar 
spne  of  the  sphenoid  bone,  and  (2 ,  from  the  outer  side  of  the  cartilaginous  Eustachian 
taba  It  descends  between  the  internal  pterygoid  muscle  and  the  internal  ptery- 
goid plate,  and  ends  in  a  tendon  which  hooks  round  the  hamular  process,  and  is 
iuerted  beneath  the  levator  palati  into  the  posterior  border  of  the  hard  palate,  and 
into  the  aponeurosis  of  the  soft  palate. 

The  palato-glossus  muscle,  occupying  the  under  surface  of  the  soft  palate  and 
the  anterior  pillar  of  the  fauces,  has  already  been  described  with  the  muscles  of  the 
tongue  (p.  415). 

Nerve-Supply. 

The  chief  nerve  supplying  the  muscles  of  the  pharynx  and  soft  palate  is  the  spinal  accessory 
nirre,  aid^  by  the  flftn  (otic  ganglion)  and  the  ninth  (gloeso-pharyngeal)  nerves  and  tlie  laryngeal 
Ixnnches  of  the  vafiriu  nerve. 

Muscles.  Nerves.  Origin. 

Constrictors  of  pharynx  "v 

Palato-glo68U8  I 

Palato-pharyngeus  -  Pharyngeal  plexus    .  XL 

Levator  palati 

Azygos  uvulae  J 

Tensor  palati Otic  ganglion    .  .V. 

Stylo-pharyngeus   ....       Glosso-pharyngeal  IX. 

Inferior  constrictor         .        .        .     {f.Sr'i^^ld  )         •         ^- 


AoTioNa 

The  muscles  of  the  pharynx  and  soft  ])alate  are  chiefly  brought  into  action  in  the  act  of 
iwallowing.  This  act  is  divided  into  a  voluntary  stagey  in  which  tlie  bolus  lies  in  front  of  the 
pilkrs  of  the  fauces,  and  an  involuntary  stagey  during  which  the  food  passes  from  the  mouth 
thiough  the  pharynx-  The  movements  occurring  during  the  passage  of  food  through  the  mouth 
are  as  follows  :  the  cheeks  are  compressed  by  the  action  of  the  buccinator  muscles  ;  the  tongue, 
hvoid  bone,  and  thyroid  cartilage  are  successively  raised  upwards  by  the  action  of  the  muscles 
which  close  the  mouth  and  elevate  the  hyoid  Ixine.  By  these  means  the  food  is  pushed  back- 
wards between  the  pillars  of  the  fauces. 

At  the  same  time,  by  the  contraction  of  the  palato-glossus  and  palato-pharyngeus,  the  pillare  of 
the  fauces  are  narrowed,  while  the  muscles  of  the  soft  palate,  contractin<j,  tighten  the  soft  palate, 
and  by  bringing  it  in  contact  with  the  posterior  wall  of  the  pharynx,  shut  off  the  upper  (nasal) 
portion  of  the  cavity.  The  elevation  of  tlie  tongue,  hyoid  bone,  and  larynx  simultaneously  causes 
the  elevation  of  the  epiglottis  and  the  aperture  of  the  glottis,  which  is  closed  by  the  approximation 
of  the  arytenoid  cartilages  and  the  combined  action  of  laryngeal  muscles  (arytenoideus,  thyro- 
aiytenoideus,  and  thyro-aryteno-epiglottideus).  The  food  thus  slips  over  the  posterior  surface  of 
the  epiglottis  and  the  closed  aperture  of  the  glottis,  and  between  the  pillars  of  the  fauces  on 
either  side,  into  the  pharynx-  It  is  now  clasped  by  the  constrictor  muscles,  which,  by  their 
contractions,  force  it  down  into  the  oesophagus.  The  contraction  of  the  constrictor  muscles  results 
in  a  flattening  of  the  pharynx  and  elevation  of  its  anterior  attachments. 

During  tlie  luX  of  swallowing,  it  is  generally  thought  that  the  Eui^tachian  tube  is  opened  by 
the  tontracticm  of  the  tensor  palati  muscle  which  arises  from  it.  It  has  been  held,  on  the  other 
hand,  that  the  Eustachian  tube  is  closed  during  swallowing  by  the  compression  of  its  wall  by  the 
contraction  of  the  levator  palati 

Deep  Lateral  and  Pii^evertebral  Muscles  of  the  Neck. 

Three  series  of  muscles  are  comprised  in  this  <^'roup :  (1)  vertebro-costal  (scaleni, 
inticuH,  medius,  and  posticus),  (2)  vertebro-cranial  (recti  capitis  antici,  major  and 
oinor,  and  lateralis),  and  (3)  vertebral  (longus  colli). 

The  scalenus  anticus  arises  from  the  anterior  tubercles  of  the  transverse 
•recesses  of  the  third,  fourth,  fifth,  and  sixth  cervical  vertebrae,  and  descends 
ehind  the  carotid  sheath,  to  be  inserted  into  the  sailene  tubercle  and  ridge  on  the 
rst  rib  (Fig.  330,  p.  420).  In  front  of  the  muscle  are  the  subclavian  and 
iternal  jugular  veins,  and  the  nerves  descending  through  the  neck.  Behind,  it  is 
30  a 
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(urigiij) 


FteiormtiH  minor  (occaAiontl  oriRJn) 


Fig.  380. — Muscle  -  Attachmbnts  to  the  Upper  Surface  of  the 
First  Rih,  and  the  Outer  Surface  of  the  Second  Rib. 


A,  First  rib  ;  B,  Second  rib. 


and  sixth  cervical  trans- 
verse processes,  and  is 
inserted  into  a  linear 
impression  on  the  outer 
side  of  the  second  rib. 
It  is  concealed  behind 
by  the  levator  anguli 
scapulae,  and  is  in  con- 
tact anteriorly  with  the 
scalenus  medius. 

The  rectus  capitis 
anticns  major  arises 
from  the  anterior 
tubercles  of  the  trans- 
verse processes  of  the 
third,  fourth,  fifth,  and 
sixth  cervical  vertebrae. 
It  forms  a  flat  triangular 
muscle,  which  is  directed 
upwards,  to  be  inserted 
into  an  impression  on 
the  under  surface  of  the 
basilar  process  of  the 
occipital  bone  in  front 
and  to  the  outer  side  of 
the  pharyngeal  spine 
(Fig.  333,  p.  421).  It 
lies  on  the  cervical 
vertebrae  behind  the 
carotid  vessels  and  the 


separated  from  the  sc 
medius   by  the  cords 
brachial  plexus,  the  subc 
artery,  and  the  pleura. 

The  scalenus  m 
arises  from  the  po 
tubercles  of  the  trai 
processes  of  the  c 
vertebrae,  from  the  seo 
the  sixth  inclusive, 
scends  in  the  floor  of  tl 
terior  triangle,  to  be  i] 
into  the  rough  impress 
the  first  rib  behind  tl 
clavian  artery  (Fig.  J 
420).  The  muscle  is  c 
anteriorly  by  the  cords 
brachial  plexus,  the 
clavian  artery,  and  tb 
hyoid  muscle,  and  is  i 
tact  behind  with  the  i 
anguli  scapulae  anc 
scalenus  posticus, 
pierced  by  the  po 
scapular  and  pos 
thoracic  nerves. 

The  scalenus  po 
arises  from  the  po 
tubercles  of  the  fourth 
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uynx,  external  to  the  longus  colli,  and  internal  at  its  origin  to  the  scalenus 
The  rectiui  capitis  anticus  minor  arises  from  the  anterior  arch  of  the  atlas,  and 


Porterioc'  I 
toberdMofJ 
transverse  "S 
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Tranhversalis  cebvicis 
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Anterior 
tubercles  of 
'transverse 
]»roce8ses 


(TraCHELO*MA8TOID 
Complexus 
Semibpinalis  colli 
MCLTiriDUS  SPIKiE  - 


Fig.  382. — i^ohemb  of  Muscular-Attachmbnts  to  Cervical  VERTEBRii>:. 


b  inBerted  into  the  basilar  process  between  the  previous  muscle  and  the  occipital 
condyle  (Fig.  333,  p.  421).     It  is  concealed  by  the  rectus  capitis  anticus  major. 
The  longus  ColU  is  a  flattened  muscular  band  extending  from  the  tliird  thoracic 
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FiG.  333. — Muscle-Attachments  to  Occipital  Bone  (Inferior  Surface). 


rtebra  to  the  atlas.     It  is  divisible  into  three  portions — a  vertical,  a  lower 
•ligue^  and  an  upper  oblique  portion. 
The  vertical  portion  of  tlie  muscle  arises  from  the  bodies  ot  Wve>  ta^\i  \X\x<b^ 
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thoracic  and  the  last  three  cervical  vertebrse ;  and  passing  vertically  upwardfl; 
inserted  into  the  bodies  of  the  second,  third,  and  fourth  cervical  vertebrse. 

The  lower  oblique  portion  arises  from  the  bodies  of  the  first  three  that 
vertebrse,  and  is  inserted  into  the  anterior  tubercles  of  the  fifth  and  sixth  cen 
vertebrae. 

The  upper  oblique  portion  arises  from  the  anterior  tubercles  of  the  transr 
processes  of  the  third,  fourth,  and  fifth  cervical  vertebrae,  and  is  directed  upwi 
to  be  inserted  into  the  anterior  tubercle  of  the  atlas. 

The  longus  colli  muscle  clothes  the  front  of  the  vertebral  column  in  the  n 
and  is  separated  by  the  deep  cervical  fascia  from  the  carotid  vessels,  pharynx, 
oesophagus. 

The  rectus   capitis  lateralis,  in   series  with  the  posterior  inter -trans^ 
muscles  in  the  neck,  arises  from  the  transverse  process  of  the  atlas,  and  is  Ihm 
into  the  under  surface  of  the  ex-occipital  bone.     It  is  placed  alongside  the : 
capitis  antici,  separated  from  them  by  the  anterior  primary  division  of  the 
cervical  nerve. 

Nerve-Supply. 

Tlie  praevertebral  muscles  ai-e  all  supplied  by  anterior  primary  divisions  of  the  cervical  i 
nerves  :  the  rectus  capitis  anticus  minor,  and  rectus  capitis  laterahs,  by  the  loop  between  tb 
two  nerves ;  the  rectus  capitis  anticus  major  by  the  first  four ;  the  longus  colli  by  the  st 
third,  and  fourth  ;  the  scaleni  by  the  lower  four  or  five  cervical  nerves. 

Actions. 

The  movements  produced  by  these  muscles  are  considered  along  with  those  of  other  m 
acting  on  the  head,  spinal  column,  and  thorax  (pp.  398.  426). 

THE  MUSCLES  OF  THE  THORAX. 

Muscles  of  Respiration. 

The  muscles  which  complete  the  boundaries  of  the  thorax  are  the  diaphi 
and  intercostal  muscles  (external  and  internal),  along  with  three  series  of  sm 
muscles — the  triangularis  sterni,  the  levatores  costarum,  and  the  infra-costalea 

The  intercostsd  muscles  are  arranged  in  eleven  pairs,  forming  thin  la 
filling  up  the  intercostal  spaces. 

Each  external  xnusole  arises  from  the  sharp  lower  border  of  a  rib, 
is  directed  downward  and  forward,  to  be  inserted  into  the  outer  edge  of 
upper  border  of  the  rib  below.  It  extends  from  the  tubercle  of  the  rib  bet 
nearly  to  the  costal  cartilage  in  front.  The  anterior  intercostal  aponeurosi 
continuous  with  it  anteriorly,  and  extends  forwards  to  the  side  of  the  sternum. 

Each  internal  muscle  arises  from  the  costal  cartilage  and  the  inner  edge  of 
subcostal  groove,  and  is  directed  downwards  and  backwards,  to  be  inserted  into 
inner  edge  of  the  upper  border  of  the  rib  and  costal  cartilage  below.  It  exte 
from  the  side  of  the  sternum  in  front  to  the  angle  of  the  rib  liehind,  wher 
becomes  continuous  with  the  posterior  intercostal  aponeurosis  extending  to 
tubercle  of  the  rib. 

The  external  intercostal  muscles  are  covered  by  the  pectoral  muscles,  serr 
magnus,  and  the  muscles  of  the  back ;  the  internal  muscles  are  in  contact  i 
the  pleura.  The  intercostal  vessels  and  nerve  lie  between  the  two  muscles  in 
posterior  part  of  the  thorax. 

The  levatores  costarum  are  in  series  with  the  external  intercostal  mus 
They  are  twelve  small  slips  arising  from  the  transverse  processes  of  the  sevi 
cervical  and  upper  eleven  thoracic  vertebrae.  They  spread  oit  in  a  fan -like  mai 
as  they  descend,  to  be  inserted  into  the  outer  surface  of  the  ribs  posterior  to 
anglea     They  lie  under  cover  of  the  longissimus  dorsi  muscle. 

The  infira-costales  (subcostales)  are  slips  of  muscles  found  on  the  inner  sui 
of  the  lower  ribs  neai  their  angles.  They  are  in  series  with  the  internal  ii 
costal  muscles,  but  pass  over  the  deep  surface  of  several  ribs. 

The  triangularis  sterni  (m.  transversus  thoracis)  occupies  the  posterior  as 
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e  anterior  thoracic  wall  It  aiises  from  the  back  of  the  ensiform  cartilage 
mesostemum  as  high  as  the  level  of  the  third  costal  cartilage.  From  this 
1  its  fibres  radiate  outwards,  the  lower  ones  horizontally,  the  upper  ones 
iiely  upwards,  to  be  inserted  into  the  costal  cartilages  of  all  the  true  ribs 
»t  the  first  and  seventh.  The  muscle  lies  against  the  ])ericardium  and  pleura. 
separated  from  the  chest  wall  by  the  internal  mammary  vessels  and  the 
■ior  branches  of  the  intercostal  nerves.  The  muscle  is  continuous  below  with 
ransversalis  abdominis. 

he  diaphragm  is  the  great  membranous  and  muscular  partition  separating 
*^vities  of  the  thorax  and  abdomen.     It  forms  a  thin  lamella  arching  over 
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Fio.  334.  —The  Mubclks  ok  the  Thoracic  Wall. 


liver,  st*)iiiacli,  and  spleen,  with  its  convex  uj)per  surface  in  oonUict  witli  the 
•ardium,  pleur«ii,  and  chest  wall.  It  possesses  a  j)eripheral  origin  from  the 
luni,  ribs,  and  vertebral  column,  and  an  insertion  into  a  central  tendon.  It 
B  (1;  anterioHy  from  the  posterior  surface  of  the  ensiform  cartilage  by  two 
ler  lie.shy  slij>s,  directed  backwards ;  (2)  laterally,  from  the  deep  surface  of  the 
r  six  rib-cartilages  on  each  side  hy  fleshy  bands  which  iuterdi<^itate  with  those 
le  transversrtlis  alKloniinis;  (.S)  iwi^teriorb/,  from  the  lumbar  vertebrae,  by  the 
ijind  from  the  arcuate  ligaments.  The  crura  are  two  elongated  libro-muscular 
lies  which  arise  from  the  front  of  th(^  ))odies  of  the  lumbar  vertebrae,  on  the 
.  side  from  the  first  three,  on  the  left  side  from  the  first  two  vertebrae.  Tliey 
irected  upwards  and,  passing  in  front  of  the  aorta,  decussate  across  the  middle 
in  fnmt  of  that  vessel,  the  fibres  of  the  right  crus  passing  in  front  of  those  of 
eft  crus.  The  fibres  then  encircle  the  (esophagus,  forming  an  elliptical  opening 
30  h 
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lor  its  passage,  and  finally  join  the  central  tendon,  after  a  second  decussation  i| 
front  of  the  gullet. 

The  arcuate  ligaments  are  live  in  number. 

The  middle  arcuate  ligament  is  a  fibrous  arch  connecting  together  the  crun  ( 
the  diaphragm  in  front  of  the  aorta,  and  giving  origin  to  fibres  which  join  the  < 
a«  tliey  decussate  to  encircle  the  gullet. 

The  internal  arcuate  ligament  is  a  thickening  formed  by  the  attachment  of  1 
psoas  fascia  to  the  body  of  the  first  lumbar  vertebra  internally  and  its  transve 
process  externally.     Stretching  across  the  upper  end  of  the  psoas  muscle,  th 
ligament  gives  origin  to  muscular  fibres  directed  upwards  on  each  side  of 
crura. 

The  external  arcuate  ligament  is  the  thickened  upper  end  of  the  fascia  uver  thi] 
(^uadratus  lumborum  (anterior  layer  of  the  lumbar  fascia),  and  is  attached  inter- 
nally to  the  transverse  process  of  the  first  lumbar  vertebra,  and  externally  to  thsj 


l.|^t{]hHgti«  and  iU 


ForHiiHMi  quaUiiiLHni 
(for  iiifuriMr  cav-4)  ~, 
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UH'iit  (ill  ln>nt  tif 

aortic  HipMihi;;) 


>it«'fii«i1  arctuU« 

lljL^HrTlfllt 


Right  cru8  of  diAphngin 

Fio.  335.— The  Diaphragm  (from  below). 

last  rib.  It  gives  origin  to  another  broad  band  of  muscular  fibres,  separated  fro— ^ 
those  arising  from  the  internal  arcuate  ligament  by  an  interval,  and  passin:^ 
upwards  to  the  central  tendon  of  the  diaphragm. 

From  this  extensive  origin  the  muscular  fibres  of  the  diaphragm  converge  C:^ 
an  insertion  into  a  large  trilobed  central  tendon.  Of  its  loljes  the  right  one  is  tli^ 
largest,  the  middle  or  anterior  is  intermediate  in  size,  and  the  left  is  the  smalles  ^ 
It  does  not  occupy  the  centre  of  the  muscle,  Ijeing  placed  nearer  the  front  tha^^ 
the  l)ack.  The  fibres  of  the  crura  are  consequently  the  longest;  those  from  th«^ 
sternum  are  the  shortest. 

The  diaphragm  is  pierced  by  numerous  structures.  The  superior  epigastric 
artery  enters  the  sheath  of  the  rectus  abdominis  between  its  sternal  and  costal 
origins ;  the  musculo-phrenic  artery  passes  between  its  attachments  to  the  seventh 
anil  eighth  ribs.  The  sympathetic  cord  and  the  splanchnic  nerves  pierce  or  pass 
behind  tlie  diaphragm ;  the  last  thoracic  nerve  paases  beneath  the  external  arcuate 
ligament ;  and  the  aorta,  the  vena  azygos  major,  and  thoracic  duct  pass  between 
the  crura,  underneath  the  middle  arcuate  ligament  (aortu  opening).  The  special 
foramina  are  two  in  number.     The  foramen  quadratum  in  the  right  lobe  of  the 

Ltral  tendon  transmits  the  inferior  vena  cava,  and  small  branches  of  the  right 
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^lirenic  nerve.  The  oesophtigeal  opening  is  in  the  muscular  substance  of  the 
liaphragm,  behind  the  central  tendon,  and  is  surrounded  by  a  8j)hinct<^r-like 
kZrangement  of  the  crural  fibres.  Besides  the  oesophagus,  this  0{)eDiug  transmits 
Sie  two  pneumogastric  nerves.  The  upper  convex  surface  of  the  diaphragm  forms 
blie  sloping  floor  of  the  thorax,  and  is  in  contact  with  the  pleuraj  and  the  peri- 
saidium  (which  is  firmly  bound  down  to  the  central  tendon,  and  less  firmly  to  the 
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juiiscular  fibres  on  the  left  side).     By  its  lateral  mar^ans   the  diaphragm  is  in 

contjict  on  each  side  witli  the  thoracic  wall  beyond  tlie  reflection  of  the  ])leura, 

•dnd  l>ehind  with  the  oesophagus  and  descending  thoracic  aorta.     Tlie  under  surface 

oi  the  diaphragm  is  concave,  and  is  for  tJie  moat  ]>art  invested  l)y  peritoneum.     It 

i.s  in  relation  with  the  liver,  stomach,  spleen,  kidneys,  suprarenal  l)0(iiea,  duodenum 

iiixA  i>ancreas,  the  inferior  vena  cava,  and  the  branches  of  the  ccelijic  axis.     Its 

vault  is  higher  on  the  right  side  than  on  the  left,  owing  to  the  upward  projection 

o\'  the  liver  on  that  side. 
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Tho  (liaj>hragiii  is  f(jimd  ;i.s  a  foniplete  septum  between  the  thorax  and  abdomen  ooif  I 
inamiiials.  It  i«  ocnu^ionally  deficient  m  the  human  subject,  producing  hernia  of  tht  diapt — 
either  into  the  ])ericai-dial  cavity  tlirough  the  central  tendon,  or  into  the  thoracic  cavity  th 
tlie  hitrral  jK)i'tionrf*  of  the  mu.sch*.  A  rare  condition  is  congenital  deliciency  of  a  jiart  of  1 
lateral  lialf  of  the  muscle,  generally  placed  posteriorly,  and  on  the  left  side.  This  prudnee^l 
<*ontinuity  of  the  j>eritoneum  and  jJeura  behind  the  diaphragm,  a  congenital  dmpkr  ' 
hvrnia. 

Nerve-Supply. 

The  intercostal  muscles,  levatore,s  costarum,  infra-C(xstal  muscles,  and  triangularis  sterai,! 
all  supplied  by  the  anterior  primary  divisions  of  the  intercostal  nerves.     The  diaphragm  ] 
its  chief,  if  not  its  entire,  motor  supply  from  the  phrenic  nerves  (C.  3.  4.  5.)     It  is  innei 
also  by  the  diaphragmatic  plexus  of  tiie  sympathetic,  and  is  said  to  receive  fibres  from  the  1 
intercostal  nerves. 

Actions. 

The  act  of  respiration  consists  of  two  opiKwite  movements,  inspiration  and  expiration. 

1.  The  movement  of  expiration  is  performed  by  (1)  the  elasticity  of  the  lungs,  (2)  the  i 
of  the  chest  walls,  (3)  the  elevation  of  the  diaphragm,  (4)  the  action  of  muscles — triani 
sterni  and  muscles  of  the  abdominal  wall.  It  is  sometimes  stated  that  the  interoeseous  fib 
the  internal  intercostal  muscles  are  depressors  of  the  ribs. 

2.  The  movement  of  inspiration  results  in  the  enlargement  of  the  thoracic  cavity  in  i 
its  diametei-s.  lU  antero-posterior  and  transverse  diameters  are  increased  by  the  elevation  uA^ 
forward  movement  of  the  stA^nium,  and  by  the  elevation  and  eversion  of  the  ribe,  while  ill  I 
vertical  diameter  is  inci-eased  by  the  descent  of  the  diaphragm. 

The  muscles  of  inspiration  are  divided  into  two  series — onlinary  and  accessor^'. 

a.  Ordinary  Mnscles.  '  b.  Extraordinary  and  Accessory  Mnsdes 


Diaphragm  '  Quadratus  lumlx)nim 

Intercostals  \  Pectorales 

Scaleni  ,  Serratus  magnus 

Serrati  ixxjtiri  i  Stemo-mastoid 

Levatores  costarum  Latissimus  dorsi 

'  Infra-hyoid  muscles 

'  Extensors  of  the  spine 

Of  the  oidinary  muscles  the  diaphi-agm  is  tlie  m<jet  important  Its  action  is  twofoW- 
centrifugal,  elevating  the  ribs  and  increasing  the  transverse  and  antero-})osterior  diametenof 
I  he  thorax,  and  centripetal,  drawing  downwards  the  central  tendon  and  increasing  the  verticil 
diameter  of  the  thorax.  Of  the  two  movements  the  former  is  the  more  imj)ortant  There  liM 
l)een  considerable  diversity  of  opinion  regarding  the  action  of  the  intercostal  nmscleai  It  ii 
generally  agieed  that  the  external  muscles  elevate  the  rilw  ;  it  is  probable  that  the  whole  of  eich 
internal  luuscle  nniA  in  the  same  way,  although  it  has  been  stated  by  different  observers  that  the 
whole  internal  muscle  is  a  de]>ressor ;  or  that  the  interasseous  jxart  is  a  depressor,  the  inter- 
chondral'^Kjrtion  of  the  muscle  an  elevator  of  the  ribs. 

FASCL*:  AND  MUSCLES  OF  THE  ABDOMINAL  WALL. 

The  space  l)et\veen  the  margins  of  the  bony  thorax  and  the  pelvis  is  filled  up  by 
a  aeries  of  muscular  slieets,  covered  externally  and  internally  by  fasciae. 

FASCLE. 

The  fasciie  of  the  abdominal  wall  'dm— externa  I  It/,  the  superficial  and  deep  fascia; 
infernal///,  the  fascia  transversalis,  which  is  continuous  with  the  diaphragmatic, 
lumbar,  psoas,  iliac,  and  indvic  fascia^  and  is  lined  within  by  the  extra-peritoiiMl 
tissue. 

The  superficial  fascia  of  the  abdomen  is  liable  to  contain  a  large  quantity 
of  lal.  It  is  st^paratA^nl  in  the  groin  int(j  tw  layers :  a  sui)erlicial  fatty  layer  con- 
tinuous over  Toupart's  ligament  with  the  fiiscia  of  the  front  of  the  thigh  (p.  356), 
and  a  ileei>er  membranous  layer  attaclied  to  the  inner  lialf  of  Poupart's  liganieut, 
and  mon;  externally  to  the  fascia  lata  of  the  thigh  ])elow  Toupart's  ligament.  The 
two  layei-s  are  separated  by  the  lymidiatic  glands  and  the  superficial  vessels  of  the 
groin.     Higher  up  in  the  abdominal  wall  the  two  layers  blend  together,  and  passing 
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niiwards  over  the  spermatic  cord,  they  unite  to  form  the  fascia  and  dartos 
laole  of  the  scrotum.  The  attachment  of  the  fascia  to  the  groin  prevents  the 
nage  into  the  thigh  of  fluid  extravasated  in  the  abdominal  wall. 

The  deep  fiEUlcia  of  the  abdominal  wall  resembles  similar  fasciae  in  other  situa- 
Mos.  It  forms  an  investment  for  the  obliquus  externus  muscle,  and  becomes  thin 
id  almost  im- 
joroeptible  in  re- 
tlion  to  the 
poneurosis  of 
tttt  muscle. 

The  fascial 
Bing  of  the  ab- 
ominal  cavity 
hacia  transver- 
ilis)  consists  of  a 
(mtinuous  layer 
f  membrane 
rhich  receives 
ifferent  names  in 
ifferent  parts  of 
te  extent  It 
overs  the  deep 
urface  of  the 
lansversalis  mus- 
ile,  and  is  con- 
inuous  internally 
through  the  lum- 
Dar  fascia)  with 
the  fasciae  of  the 
]uadratus      lum- 

Donun  and  the  psoas  muscles.  It  is  continuous  above  with  the  diaphragmatic 
ascia,  and  below  (the  iliac  crest  and  Poupart's  ligament  intervening)  with  the 
ascia  iliaca.  Along  with  the  last-named  fascia  it  forms  the  femoral  sheath.  It  is 
uerced  by  the  spermatic  cord  or  round  ligament  of  the  uterus  at  the  internal 
.bdominal  ring,  and  its  prolongation  into  the  inguinal  canal  around  the  cord  forms 
he  infondibuliform  fascia.  It  is  lined  internally  by  the  peritoneum,  from  which  it 
s  separated  by  a  layer  of  extra-peritoneal  tissue. 

Tlie  extra-peritoneal  tissue  is  usually  loaded  with  fat ;  it  envelops  the  kidneys, 
ireters,  suprarenal  capsules,  abdominal  aorta  and  inferior  vena  cava  and  their 
)ranche9,  and  forms  sheaths  for  the  vessels  and  ducts  (ureter,  vas  deferens, 
5tc.)  It  is  continued  upwards  into  the  posterior  mediastinum  of  the  thorax 
through  the  aortic  opening  in  the  diaphragm,  and  below  is  in  continuity  with  the 
5xtra-i)eritoneal  tissue  in  the  pelvis.  It  not  only  completely  invests  the  kidneys 
ind  suprarenal  capsules,  but  it  also  becomes  interpolated  between  the  layers  of 
peritoneum  upholding  and  enveloping  the  intestines.  This  tissue  is  absent  in 
'eLation  to  the  diaphragm,  on  the  under  surface  of  which  there  is  also  no  fat. 


Fig.  337.— The  Ghoin.    Structures  between  the  Layers  of  the 
Superficial  Fascia. 


THE  MUSCLES  OF  THE  ABDOMINAL  WALL. 

The  muscles  of  the  abdominal  wall  are  in  three  series — lateral,  anterior,  and 
osterior. 

The  lateral  muscles  of  the  abdominal  wall  comprise  the  obliquus  externus, 
)liquus  intern  us,  and  transversalis  abdominis. 

The  obliquus  externus  abdominis  is  a  broad  thin  sheet  of  muscle,  with  an 
igin  from  the  outer  surfaces  of  the  lower  eight  ribs,  by  slips  which  inter- 
gitate  with  the  serratus  magnus  and  latissinius  dorsi  muscles.  The  muscular 
)re8  radiate  downwards  and  Ibrwards,  the  lowest  fibres  passing  vertically  down- 
irds.  The  lower  and  posterior  part  of  the  muscle  is  inserted  directly  by  fleshly 
►res  into  the  outer  lip  of  the  iliac  crest  in  its  anterior  half  or  two-thirds  (Fig. 
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Tlie  diiiphragm  is  found  as  a  complete  septum  between  the  thorax  and  abdomen  ooljr 
mammals.  It  is  occasionally  deficient  in  the  human  subject,  producing  hernia  of  thediafkni^ 
either  into  the  pericardial  cavity  through  the  central  tendon,  or  into  the  thoracic  cavity  thiw 
the  lateral  i^rtions*  of  the  muscle.  A  rare  condition  is  congenital  deticiency  of  a  part  of  1 
lateral  half  of  the  muscle,  generally  j)laced  posteriorly,  and  on  the  left  side.  This  produce^ 
continuity  of  the  peritoneum  and  pleura  behind  the  diaphragm,  a  congenital  dtapkragm 
hernia. 

Nerve-Slpply. 

The  intercostal  muscles,  levatores  costariim,  infra-costal  muscles,  and  triangularis  stcrai, 
all  supplied  by  the  anterior  j)rimary  divisions  of  the  intercostal  nerves.  The  diaphragm  reod 
its  chief,  if  not  its  entire,  motor  supply  from  the  phrenic  nerves  (C.  3.  4.  5.)  it  i»  innern 
also  by  the  diaphragmatic  plexus  of  tiie  sympathetic,  and  is  said  to  receive  fibres  from  the  lo 
intercastal  nerves. 

Actions. 

The  act  of  resj)iration  consists  of  two  opposite  movements,  inspiration  and  expiration. 

1.  The  movement  of  expiration  is  performed  by  (1)  the  elasticity  of  the  luncs,  (2)  the  wei 
of  the  chest  walls,  (3)  the  elevation  of  the  diaphragm,  (4)  the  action  of  muscles — triangul 
stemi  and  muscles  of  the  abdominal  waU.  It  is  sometimes  stated  that  the  interoeeeous  fibw 
the  internal  intercostal  muscles  are  depressors  of  the  ribs. 

2.  The  movement  of  inspiration  results  in  the  enlargement  of  the  thoracic  cavity  in 
it«  diameters.  Its  antero-posterior  and  transverse  diameters  are  increased  by  the  elevation 
forwai-d  movement  of  the  sternum,  and  by  the  elevation  and  e version  of  the  ribs,  while 
vertical  diameter  is  increased  by  the  descent  of  the  diaphragm. 

The  muscles  of  inspiration  are  divided  into  two  series — ordinary  and  accessory. 

'  a.  Ordinary  Mnscles.  |  b.  Extraordinary  and  Accessory  Mnsdei  I 


Diaphragm  j        Quadratus  lumbonim 

Intercostals  i         Pectorales 

Scaleni  i        Sermtus  magnus 

Serrati  postici  '        Stemo-mastoid 

Levatores  costarum  j        Latissimus  dorsi 

Infra-hyoid  muscles 
Ext-ensors  of  the  spine 


Of  the  ordinary  muscles  the  diaphragm  is  the  most  important  Its  action  is  twofoi 
centrifagal,  elevating  the  ribs  and  increasing  the  transverse  and  antero-posterior  diametei 
the  thorax,  and  centripetal,  drawing  downwards  the  central  tendon  and  increasing  the  ven 
diameter  of  the  thorax.  Of  the  two  movements  the  former  is  the  more  important.  There 
l>een  considerable  diversity  of  opinion  regarding  the  action  of  the  intercostal  muscles.  1 
generally  agreed  that  the  extenial  muscles  elevate  the  ribs ;  it  is  probable  that  the  whole  of « 
mternar  muscle  acts  in  the  same  way,  although  it  has  l^een  stated  by  different  observers  that 
whole  internal  muscle  is  a  depressor ;  or  that  the  interosseous  part  is  a  depressor,  the  ii 
chondral'T)ortion  of  the  muscle  an  elevator  of  the  ribs. 

FASCIiE  AND  MUSCLES  OF  THE  ABDOMINAL  WALL. 

The  space  between  the  margins  of  the  bony  thorax  and  the  pelvis  is  filled  w] 
a  series  of  muscular  sheets,  covered  externally  and  internally  by  fasciae. 

FASCL'E. 

The  fascise  of  the  abdominal  wall  are — externalh/,  the  superficial  and  deep  fag 
internally,  the  fascia  transversal  is,  w^hich  is  continuous  with  the  diaphragm 
lumbar,  psoas,  iliac,  and  pelvic  fasciae,  and  is  lined  within  by  the  extra-peritc 
tissue. 

The  superficial  fascia  of  the  abdomen  is  liable  to  contain  a  large  quai 
of  fat.  It  is  separated  in  the  groin  into  tiro  lai/crs :  a  superficial  fatty  layer 
tinuous  over  Poupart's  ligament  with  the  fiuscia  of  the  front  of  the  thigh  (p.  \ 
and  a  deeper  membranous  layer  attached  to  the  inner  half  of  Poupart's  ligan 
and  more  externally  to  tlie  fascia  lata  of  the  tliigli  below  Poupart's  ligament, 
two  layers  are  separated  l)y  the  lymphatic  glands  and  the  superficial  vessels  of 
groin.     Higher  up  in  the  abdominal  wall  the  two  layers  blend  together,  and  pag 
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over  the  spermatic  cord,  they  unite  to  form  the  fascia  and  dartos 
»he  scrotum.  The  attachment  of  the  fascia  to  the  groin  prevents  the 
)  the  thigh  of  fluid  extravasated  in  the  abdominal  wall. 
»p  fascia  of  the  abdominal  wall  resembles  similar  fasciae  in  other  situa- 
orms  an  investment  for  the  obliquus  externus  muscle,  and  becomes  thin 
t    im- 
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>  the 
ds    of 


Superficial  luyr-r  nl 
saperficial  ^M:ifl 


Superficial  circumflex  iliac  vt-naf]? 
Inguinal  lyinpliatie^litniiF' 

Deep  layer  of  superficial  tmHn 
Femoral  lymphatic  ^biji'lit 


Crural  bnuir'h  iif 
genito^niral  []('rv+*' 
Superficial  l.i>>r  ii3 

HUi>erficiat  U^v\t\ 

Internal  saphenoiiti  \v\h 


l}w\i  layer  nf 
MiLptirflcial  faocia 

'Vnign'ttiie  vesHela 
Su pet  H rial  layer  of 

'aupertkclEtl  faticia 
Supprloj  pTsternal 
pudic  vtsjiels 

IlioiiiKuhiftl  nerve 
s^ifirrinatii^  cord 


kscial 

he  ab- 
avity 
insrer- 
>tsof  a 
layer 
brane 
3eives 
mesin 
irts  of 

u  It 

deep 
f  the 
ismus- 
s  con- 
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the  psoas  muscles.  It  is  continuous  above  with  the  diaphragmatic 
below  (the  iliac  crest  and  Poupart's  ligament  intervening)  with  the 
i.  Along  with  the  last-named  fascia  it  forms  the  femoral  sheath.  It  is 
the  spermatic  cord  or  round  ligament  of  the  uterus  at  the  internal 
ring,  and  its  prolongation  into  the  inguinal  canal  around  the  cord  forms 
bullform  fascia.  It  is  lined  internally  by  the  peritoneum,  from  which  it 
1  by  a  layer  of  extra-peritoneal  tissue. 

;ra-peritoneal  tissue  is  usually  loaded  with  fat ;  it  envelops  the  kidneys, 
prarenal  capsules,  abdominal  aorta  and  inferior  vena  cava  and  their 
and  forms  sheaths  for  the  vessels  and  ducts  (ureter,  vas  deferens, 
is  continued  upwards  into  the  posterior  mediastinum  of  the  thorax 
e  aortic  opening  in  the  diaphragm,  and  below  is  in  continuity  with  the 
Dneal  tissue  in  the  pelvis.  It  not  only  completely  invests  the  kidneys 
eiial  capsules,  but  it  also  becomes  interpolated  between  the  layers  of 
I  upliolding  and  enveloping  the  intestines.  This  tissue  is  absent  in 
the  diaphragm,  on  the  under  surface  of  which  there  is  also  no  fat. 


Fig.  837.— Thk  Groin. 


Strdctdres  between  the  Layers  of  the 
Superficial  Fascia. 


THE  MUSCLKS  OF  THE  ABDOMINAL  WALL, 
jscles  of  tlie  abdominal  wall  are  in  three  series — lateral,  anterior,  and 


teral  muscles  of  the  abdominal  wall  comprise  the  obliquus  externus, 
iternus,  and  transversalis  abdominis. 

Liquus  externus  abdominis  is  a  broad  thin  sheet  of  muscle,  with  an 
11  the  outer  surfaces  of  the  lower  eight  ribs,  by  slips  which  inter- 
th  the  serratus  magnus  and  latissinius  dorsi  muscles.  The  muscular 
Lte  downwards  and  forwards,  the  lowest  fibres  passing  vertically  down- 
le  lower  and  posterior  part  of  the  muscle  is  inserted  directly  by  fleshly 
the  outer  lip  of  the  iliiic  crest  in  its  anterior  half  or  two- thirds  (Fig. 
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290,  p.  373).     The  rest  of  the  muscle  is  inserted  into  an  extensive  tiiangukr 

neurosis 

Rkctdb  abdominis  .  .  ,  , 

—  ing  the  anl 

abdominal 
This  apoj 
is  broader 
than  above ; 
united  with 
of  theaponeuroail 
of  the  obliqnm 
intemus  in  the 
upper  three- 
fourths  of  its  ex- 
tent, to  form  tin 
anterior  layer  of 
the  sheath'of  tti 
rectus  muscle.  It 
thus  gains  an  at- 
tachment, abofB 
to  the  ensifoni 
cartili^,  below 
to  the  symphyn 
pubis,  and  by  iti 
intermediate 
fibres  to  the  linaa 
alba,  a  broad  io- 
terlacing  band  of 
fibres  about  half 
an  inch  in  width 
which      occupies 

the  middle  line  of  the  anterior  abdominal  wall  in  its  whole  extent,  and  forms  the 
greater  part  of  the  ultimate  insertion  of  all  the  lateral  aMominal  muscles. 


OujQiruB  mmuNva 

TRANSVEBSAI.lft 

Faticia  tnn^vei'it&Ui 
Colon 
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Lumbar 

LATitSMlMVt 
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vitrtcbra 


_  AnV^rior  layer  of 
luinltar  fiiscia 
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Hi'iifje 
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DOEMl 


Fkj.  338.- 


ilMdlfr  layer  of  Lunibar  Gkaoia 

iLID'OCMTALia 

V^rti'bnLl,  apdnf^artijit^  hoH  u  i^  r  ^  r  t^  i>'  >iuil 

-Transverse  Section  throuqh  the  Abdomen,  opposite  the 
Second  Lumbar  Vertebra. 


ObLIQUUH  EXTERNI'I^  Ml  ilt'Lt- 
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s  u  H  ]  1*^  1 1  sory  ligament  of  penis 
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Fia.  339. —The  Groin.    The  Structures  seen  on  removal  op  the  Superficial  Fascia. 
The  upper  part  of  the  aponeurosis  covers  the  insertion  of  the  rectus  abdominis 
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l.'CiBcle  on  the  chest  wall,  and  gives  origin  to  fibres  of  the  pectoralis  major.     Below, 

the  groin,  it  gives  rise  to  Poupart's  ligament,  Gimbernat's  ligament,  the  external 

■  lal  ring  with  its  two  pillars,  the  intercolumnar  ftwcia  and  fibres,  and  the 

liar  fascia. 

Fmiput't  ligament  is  a  fascial  band  which  extends  from  the  anterior  superior 


CoracoUl 
process 

Pectoralis 
MAJOR  (divided) 

PE<rTf>RALI8 
MINOR 

PKi.TORALIrt 

j     MAJOR  (divided) 

Srrratus 
Haon'I.'h 


Lhjenr  tt^tiKverSii' 


DBUgT^im  EX1KKM-H 

L1ti«L  stimilunariH 


/ 


Fm.  340. — Anterior  Muscles  of  thk  Trunk. 

iliac  spine  to  the  spine  of  the  pubis,  arching  over  the  iliacus,  psOiis,  and  pectineus 
nuiscles.  It  represents  the  lower  limit  of  the  a]^)oneuro8is  of  the  obliquus  externus 
alHlominis,  and  gives  attachment  Ik^Iow  to  the  fascia  lata  of  the  thigh.  Its  outer 
part  affords  partial  origin  to  the  deeper  lateral  muscles  of  the  abciominal  wall, 
and  receives  the  attachment  of  the  fti-^cia  transversalis  and  fascia  iliaca  ;  the  iuner 
part  forms  the  gutter-like  floor  of  the  inguinal  canal.  At  its  inner  end  a  triangular 
band  of  fibres  is  reflected  horizontally  backwards  to  the  ilio-pectineal  line,  forming 
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Gimbemat's  ligament,  the  outer  edge  of  which  limits  internally  the  cmnl  linf. 
femoral  vessels  enclosed  in  the  femoral  sheath  enter  the  thigh  beneath  Po 
ligament,  in  front  of  the  psoas  muscle,  and  the  term  superficial  crurcU  areh  is  j 
to  the  part  of  the  ligament  which  covers  the  vessels. 

The  external  abdominal  ring,  the  place  of  exit  of  an  inguinal  hernia,  is  a  8plik| 
the  aponeurosis  of  the  obliquus  externus,  just  above  the  spine  of  the  puhui 
transmits  the  spermatic  cord,  or  round  ligament  of  the  uterus,  covered  by  I 
cremaster  muscle  or  cremasteric  fascia.     The  opening  is  of  considerable  extent,! 
its  edges  are  drawn  together  by  a  thin  fascia,  strengthened  superficially  by  a  nn 
of  arched  and  horizontal  fibres,  .called  the  intercolumnar  fibres,  which  arise  ; 
Poupart's  ligament  and  sweep  inwards  across  the  cleft  in  the  aponeurosis. 

Tlie  margins  of  the  ring  constitute  its  pillars.     The  external  pillar  is  i 
and  is  formed  from  that  part  of  the  aponeurosis  which  joins  the  pubic  spine,  i 
continuous  with  the  inner  end  of  Poupart's  ligament.     The  internal  pillar  is  I 

part  of  the  i 

neurosis  inl 

to  the  ring  wl 

is  attached  to  ti 

crest   and 

physis   of  t; 
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Fio.  341.— The  Groin. 


Thb  Structures  seen  on  removal  of  i'art  ok  the 
Obliquus  Externus. 


AponeunMli  uf 
uKteriJUii  (cut) 

TweifUi  tiionicic  and  broad. 
The 
columnar  fil 
and  the  pillars 
the  external  ab-l 
dominal  ringanj 
continuous  wilh 
a  thin  tubular 
sheath,  the  inUr- 
colnnmar  or  a- 
temal  spezmitk 
fascia,  which  is 
attached  to  the 
mar<4ns  of  the 
"ring/'andformft 
an  envelope  for 


WtiBpennoiy  li^a- 
ineht  or  ^wtilM 

1rtt«rcoluiiiriar 
DartoH  muscle 


the  spermatic  cord  or  round  ligament  in  their  further  passage  beyond  the  abdominal 
wall. 

The  triangular  fascia,  lastly,  is  a  triangular  band  of  fibres  placed  behind  the 
internal  pillar  of  the  external  abdominal  ring.  It  consists  of  fibres  from  the 
opposite  external  oblique  aponeurosis,  which,  having  traversed  the  linea  alba,  gidft 
an  insertion  into  the  crest  and  spine  of  the  pubis. 

The  obliquus  externus  muscle  is  superficial  in  almost  its  whole  extent  It  i* 
overlapped  posteriorly  by  the  latissimus  dorsi  muscle,  but  may  be  separated  from 
it  just  above  the  iliac  crest  by  an  angular  interval  (triangle  of  Petit). 

The  obliquus  intemus  abdominis,  a  broad  thin  sheet  lying  between  the 
obliquus  externus  and  the  transversalis,  arises  from  (1)  the  lumbar  fascia,  (2)  the 
anterior  half  of  the  iliac  crest,  and  (3)  the  outer  half  of  Poupart's  ligament. 
Directed  for  the  most  part  upwards  and  forwards,  its  highest  fibres  are  inserted 
directly  into  the  last  three  ribs.  The  rest  of  the  fibres  form  an  extensive  aponeu- 
rosis, broader  above  than  below,  which  splits  along  the  linea  semilunaris,  to  form,  along 
with  the  aponeuroses  of  the  obliquus  externus  and  transversalis  muscles,  the  sheath 
of  the  rectus  abdominis,  and  is  thereafter  inserted  into  the  seventh,  eighth,  and  ninth 
costal  cartilages,  and  into  the  linea  alba  from  the  ensiform  cartilage  to  the  symphysis 
pubis.  The  fibres  arising  from  Poupart's  ligament  join  with  those  of  the  trans- 
versalis muscle  having  a  similar  origin  to  form  the  conjoint  tendon,  which  passes 
altogether  in  front  of  the  rectus  muscle,  to  be  attached  to  the  pubic  crest  and  spine 
and  to  the  iUo-pectineal  line. 


THE  MUSCLES  OF  THE  ABDOMINAL  WALL. 


431 


The  obliquus  intemus  is  limited  above  by  the  costal  arch.  Its  lower  fibres, 
hing  over  the  spermatic  cord,  assist  in  forming,  externally,  the  anterior  wall  of 

inguinal  canal ;  internally,  by  means  of  the  conjoint  tendon,  it  helps  to  form 
:  posterior  wall  of  the  canal. 

Its  lowest  fibres  are  continued  into  the  cremaster  muscle,  which  is  prolonged 
ng  the  spermatic  cord  through  the  inguinal  canal. 

The  cremaster  muscle  may  be  said  to  have  an  ori|^  from  the  lower  border  of  the 
iquiis  intemus,  and  from  the  centre  of  Poupart's  ligament.  It  forms  a  thin  sheet, 
reloping  the  testicle  and  spermatic  cord ;  its  fibres  are  arranged  in  loops  which  arch 
•r  the  cord,  and  are  inserted  into  the  fascia,  and  to  a  less  extent  (uppermost  fibres)  into 
■  pubic  spine.  The  muscle  is  more  largely  represented  by  fascia  in  the  female,  and 
Mtitutes  the  cremasteric  flEUKda. 

The  transveraalia  muscle  arises  (I)  from  the  under  surface  of  the  costal 
rtilfl^es  of  the  lower  six  ribs,  inter-digitating  with  the  origins  of  the  diaphragm  ; 
)  from  the  lumbar  fascia ;  (3)  from  the  anterior  half  of  the  inner  lip  of  the  iliac 
est :  and  (4)  from  the  outer  third  of  Poupart's  ligament.     The  muscular  fibres 
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fi-;.  342.— The  Uroin.     The  Structures  seen  ox  rkklexion  of  part  ok  the  OiiLigurs  Inteusus. 

ire  directed  for  the  most  part  horizontally  forwards,  and  end  in  an  aponeurosis 
which  has  a  twofold  insertion.  (1)  After  foruiiug  Calong  with  the  apoiu  urosis  of 
the  obliquus  internus)  the  posterior  layer  of  the  sheath  of  the  rectus,  the 
ijwnKirosis  is  attached  to  the  ensiform  cartilage  and  liuea  alba.  (2)  The  lower 
fil»res  of  the  muscle  arising  from  Poupart's  ligament  are  joined  by  the  lower  part 
jfthe  obliquus  internus  to  form  the  larger  ])art  of  the  conjoint  tendon,  w^iiich  ]>asse8 
n  front  of  the  lower  i)art  of  the  rectus  muscle,  to  be  inserted  into  the  crest  and  spine 
»f  the  pubis  and  the  ilio-pectineal  line. 

The  transversalis  muscle  is  separated  by  the  lower  intercostal  nervt»s  from  the 
•i'liquus  internus  muscle,  and  is  lined  on  its  dee])  surface  by  the  transversalis  fascia. 
ts  lower  border  forms  a  conc:\ve  edge,  separated  from  Toupart's  ligament  by  a 
iimilar  interval  in  which  the  transversalis  fascia  appears,  and  through  which  the 
(^erinatic  cord  emerges  at  the  internal  abdtaninal  ring,  under  cover  of  tlie  ol»li<[uu8 
aternus  muscle  and  the  aponeurosis  of  the  ol)li([Uus  extern  us. 

The  anterior  muscles  of  tlie  abdominal  wall  include  the  pyramiiialis  and 
Hitus  abdominis,  enveloped  by  the  sheath  of  the  rectus  on  either  side  of  the  linea 

11^.  .    .   • 

The  pyramidalis  abdominis  is  a  small  triangular  muscle  arising  from  the  pubic 
rt-st  in  front  of  the  rectus  muscle  (Fig.  2«S2,  p.  'M]i)\     It  is  directed  obliquely 
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upwards,  to  be  inBerted  for  a  variable  distance  into  the  linea  alba.      The  mu 
is  often  abssnt. 

The  rectus  abdominis  muscle  is  broad  and  strap-like,  and  axiaes,  by  an  in 
and  an  outer  head,  from  the  symphysis  and  crest  of  the  pubis  (Fig.  282,  pi  T 
Expanding  as  it  passes  upwards,  the  muscle  is  inserted  from  within  outwaidsi 
the  front  of  the  ensiform  cartilage  (Fig.  246,  p.  322),  and  into  the  front  of  I 
seventh,   sixth,   and   fifth   costal   cartilages.      On  its  anterior  surface,  but 
extending  through  the  entire  substance  of  the  muscle,  are  three  or  more  tran 
tendinous  intersections  (linesB  transversa),  adherent  to  the  sheath  of  the  muacb| 
the  lowest  opposite  the  umbilicus,  and  the  highest  about  the  level  of  the  enaifoi 
cartilage.     Enclosed  in  its  sheath,  and  covered  anteriorly  by  the  pyramidalis  mu 

the  rectus  conceals  the  superiorandd 
epigastric  vessels,  the  terminal  brand 
of  the  lower  thoracic   nerves  (wk 
pierce  the  muscle  to  reach  the  anti 
abdominal  wall),  the  fold  of  Doug 
and  the  fascia  transversalia    The  in 
border  of  the  muscle  lies  alongside  t 
linea  alba;  its  outer  border  isconvex,! 
corresponds  to  the  linea  semilnnuk 

The  sheath  of  the  rectos  musdeiil 
derived  from   the  aponeuroses  of 
lateral  muscles  of  the  abdominal ' 
which,  after  enclosing  the  muscle,  i 
rise  in  the  middle  line  to  the  linea  albil 
At  the  linea  semilunaris,  at  the  outer  I 
border  of  the  rectus  muscle,  the  apo-  ^ 
neurosis  of  the  obliquus  intemus  spliti  ^ 
into  anterior  and  posterior  layers.   The 
anterior  layer,  joined  by  the  aponeurooi 
of  the  obliquus  extemus,  passes  in  front 
of  the  rectus,  and  constitutes  the  anterior 
lamina  of  the  sheath.     The  posterior 
layer,  joined  by  the  aponeurosis  of  the 
transversalis  muscle,  passes  behind  the 
rectus,   and  constitutes   the  posterior 
lamina  of  its  sheath.    This  arrangement 
obtains  in  the  upper  three-fourths  of 
the  abdominal  wall.     Below  the  level 
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-The  Sheath  ok  the  Rectus  Abdominis 
Muscle. 

(I.)   In    the  thoracic   wall;    (II.)  In    the  upper  three-       «      ,        ...  i.    i.i.         i.      4.1.      r    aV>o 

quarU-rs  of  the  abdominal  wall ;  (HI.)  In  the  lower    Ot     ttlC    lliac   CrCSt    the    Sheath    Ot    tue 


fourth  of  the  abdominal  wall. 
A,  Rectus  muscle  ;  B,  Obliquus  kxtkrnus  ;  C,  Dia- 
phragm ;  I),  Obliquus  intern  us  ;  E,  Transver- 
salis ABDOMINIS,  rt.  Anterior  layer  of  rectus  sheath  ; 
6,  Fifth  costal  cartilage  ;  c  Sixth  costal  cartilage  ; 
d,  Xiphoi<l  cartilage  ;  t',  Posterior  layer  of  rectus 
sheath  ;  /,  Transversalis  fascia  ;  g,  Peritoneum  ;  /*, 
Linea  alba.     1,  Deep  epigastric  artery. 


muscle  is  deficient  posteriorly,  and   * 
crescentic  border,  the  fold  of  Dongl^* 
marks  the  lower  limit  of  the  posterior 
lamina.     In  consequence,  the  rectus  i^ 
the  lower  fourth  of  the  abdominal  w»J^ 
rests    upon    the    fascia    transversalis 
directly.     Close  examination,  boweve^: 
usually  reveals  a  thin  layer  behind  the  muscle  in  continuity  with  the  fold  c^^ 
Douglas,  and  merging  below  with  the  fascia  transversalis.     In  this  region  the  rectu^ 
is  covered  anteriorly  by  the  conjoint  tendon  of  the  obliquus  internus  and  trans-' 
versalis,  and   by  the   aponeurosis  of  the   obliquus  externus,  which  is  graduallv^ 
liecoming  separate  from  the  subjacent  aponeurosis.     The  upper  part  of  the  rectus. 
lying  on  the  chest  wall,  is  only  covered  anteriorly  by  a  single  layer  of  aponeurosis 
dirived  from  the  obliquus  externus,  which  in  this  situation  is  giving  origin  to  the 
pectoralis  major  muscle. 

Inguinal  Canal. — The  si)ermatic  cord  in  the  male,  and  the  round  ligament  in 
the  female,  in  their  passage  through  the  lower  part  of  the  abdominal  wall,  pass 
through  the  inguinal  canal,  which  is  bounded  by  these  abdominal  muscles.  The 
canal  Ijegina  at  the  internal  abdominal  ring,  placed  half  an  inch  above  Poupart's 
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nent,  and  midway  between  the  anterior  superior  iliac  spine  and  the  symphysis 
s.  It  ends  at  the  external  abdominal  ring,  placed  above  the  spine  and  crest 
he  pubis.  The  front  wall  of  the  canal  is  formed  by  the  aponeurosis  of  the 
luus  externus,  and  in  its  outer  part  by  the  muscular  fibres  of  the  obliquus 
mus ;  the  back  ioall  of  the  canal  is  formed  by  the  fascia  transversalis,  and  in 
nner  part  by  the  conjoint  tendon ;  while  the  Jloor  of  the  canal  is  formed  by 

caval  opening    (Esophageal  opening    Central  t^tndon  (middle  iiart) 
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HKirt's  ligament,  and  in  its  inner  ]>arL  by  (iimbernal's  li»^'ameiit.  Tlic  spermatic 
1,  piercing  the  transv(»rsalis  fascda,  enters  the  inguinal  canal  at  the  internal 
nininal  ring,  and  is  there  invest(^d  by  its  Jicst  enveloim,  the  infundibuliform  or 
mal  spermatic  fascia,  a  sheath  of  fascia  derived  from  the  margin  of  the  ring  and 
tiniious  with  the  fascia  transversalis.  It  then  jfasses  oblicjuely  inwards,  down- 
ds,  and  forwards,  and  est  rapes  below  the  lower  l)(ader  of  the  obliquus  in  tern  us 
;cle,  from  which  it  carries  ott'a  second  inrcstmtnt,  partly  fascial,  partly  uui«wuU\.\: 


434  THE  MUSCULAR  SYSTEM. 

— the  cremaster  muscle  or  cremasteric  fascia.      Continuing  its  course  in  front  of  I 
conjoint  tendon,  it  eiuerges  through  the  external  abdominal  ring,  from  the  ( 
which  the  intercolunmar  fascia  is  derived,  the  third  or  external  investment  for  tbeQ 

Hesselbach's  triangle,  bounded  below  by  the  line  of  Poupart  s  ligament,  int 
by  the  rectus  abdominis  muscle,  and  externally  by  the  deep  epigastric  artoj^ 
the  mesial  side  of  the  internal  abdominal  ring,  is  the  site  of  one  form  of  ii 
hernia.     The  spermatic  cord  passes  over  the  base  of  the  triangle,  coven 
by  the  aponeurosis  of  the  obliquus  externus.     Behind  the  cord,  and  forming  I 
floor  of  the  triangle,  are  the  fascia  transversalis  and  the  conjoint  tendon  of  1 
obliquus  internus  and  transversalis  musclea 

TngTilnal  Hernia. — For  an  account  of  the  anatomical  relations  of  the  ing 
canal  to  the  various  forms  of  inguinal  hernia,  see  the  section  on  "  Applied  Anat 

The  posterior  muscles  of  the  abdominal  wall  and  false  pelvis  include  \ 
psoas  (magnus  and  parvus)  and  iliacus,  described  already  (p.  363),  and  the  qu 
lumborum. 

The  quadratus  lumborum  lies  on  the  posterior  wall  of  the  abdomen  exten 
to  the  psoas,  and  extends  between  the  iliac  crest  and  the  last  rib.     It  arises  f 
the  posterior  part  of  the  iliac  crest,  from  the  ilio-lumbar  ligament,  and  from  1 
transverse  processes  of  the  lower  lumbar  vertebrae.     It  is  inserted  above  into  thil 
inner  part  of  the  lower  border  of  the  last  rib  and  the  transverse  processes 
the  upper  lumbar  vertebrae.      It  is  enclosed  between  the  anterior  and  mid" 
layers  of  the  lumbar  aponeurosis  (p.  391),  and  is  placed  behind  the  colon,  kidney,! 
and  psoas  muscle,  in  front  of  the  multiiidus  spinse  and  the  lumbar  transvenej 
processes.     Its  outer  border  is  directed  obliquely  upwards  and  inwards. 

Nerve-Supply. 

The  nerve -supply  of  all   the   foregoing   muscles  except  the   psoas,  cremaster,  qiiadntv 
luniboruni,  and  iliacus,  is  derived  from  the  anterior  primary  divisions  of  the  lower  six  thoiadt 
nerves.    Tlie  j)yramidalis  muscle  is  innervated  by  the  last  thoracic  nerve.     The  ci-eniaster  musde 
receives  its  sui)ply  from  the  genito-crural  nerve,  whilst  the  quadratus  lumborum  is  innervated 
by  the  first  tliree  or  four  lumbar  nerves.     The  psoas  and  ihacus  muscles  are  supplied,  directly  or 
througli  the  anterior  crural  nerve,  from  the  second,  third,  and  fourth  lumbar  nervea. 

Actions. 

Many  of  the  actions  of  the  above  muscles  have  already  Ixjen  given  in  previous  sections.  C^) 
Their  chief  action  is  to  retract  the  abdominal  walls,  and,  by  compressing  the  contents  of  t:li« 
alxlouien,  they  are  powerful  agents  in  vomiting,  defiecation,  micturition,  parturition,  »«»d 
lal)oured  exnii-atioiL  (2)  Thev  are  also  flexors  of  the  spine  and  pelvis — the  muscles  of  both  sid** 
acting  togetiier  ;  the  sj>ine  antf  pelvis  are  laterally  flexeci,  when  one  set  of  muscles  acts  alone.  C^) 
Tlie  (juadratus  luml)orum  is  a  muscle  of  inspiration,  an  extensor  of  the  spine,  and  a  lateral  fle^.*^'' 
of  the  spine  and  j)elvi8. 

FxVSCl^:   AND   MUSCLES   OF   THE   PERINEUM   AND   PELVIS. 
FASCLE  OF   THE   PERINEUM. 

The  superficial  fascia  of  the  perineum  possesses  certain  special  features.     I  ^ 
is  coutinuous  with  tlie  superficial  fascia  of  the  abdominal  wall,  thigh,  and  buttocI^» 
aud  is  piolonged  on  to  the  penis  and  scrotum.     In  rektion  to  the  penis,  it  i^ 
devoid  of  fat  and  consists  only  of  areolar  tissue.     In  relation  to  the  scrotum,  it  i^ 
intermingled  with  involuntary  muscular  fibres,  and  constitutes  the  dartos  mnscla, 
which  assists  in  suspending  the  testicles  and  corrugating  the  skin  of  the  scrotum^ 
This  fascia  also  forms  the  septum  of  the  scrotum,  whicTi,  extending  upwards,  in- 
completely separates  the  tw^o  testicles  and  their  coverings.     In  the  female  the 
superlicial  fascia  takes  a  large  share  in  the  formation  of  the  mons  veneris  and 
hil)ia  majora,  in  which  a  considerable  (quantity  of  fat  occurs. 

lite  fascia  over  the  posterior  part  of  the  perineum  fills  up  the  ischio-rectal  fossse, 
in  the  form  of  two  pads  of  adipose  tissue,  on  either  side  of  the  rectum  and  anua 
Over  the  tuberosities  of  the  ischium  the  fat  is  largely  rei)laced  by  bauds  of  fibrous 
tissue  closely  adherent  to  the  subjacent  deep  fascia. 
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The  fascia  in  the  anterior  part  of  the  perineum  closely  resembles  the  same 
cia  in  the  groin.  It  is  divisible  into  a  superficial  fatty  and  a  deeper  membranous 
'er ;  the  former  continuous  with  the  same  layer  in  the  thigh,  and  with  the  fat 

the  iachio-rectal  fossa  posteriorly.  The  deeper  membranous  layer  is  attached 
leially  to  the  pubic  arch,  posteriorly  to  the  base  of  the  triangular  ligament,  and 

the  middle  Ime  to  the  root  of  the  penis  (bulb  and  corpus  spongiosum)  by  a 
sdian  raphe  continuous  farther  forwards  with  the  septum  of  the  scrotum 
SDtioned  above.  Anteriorly  the  fascia  is  continued  over  the  spermatic  cords  to 
e  anterior  abdominal  wall.  The  importance  of  this  fascia  lies  in  relation  to  the 
travasation  of  urine  from  a  rupture  of  the  urethra.  By  the  fascial  attachments 
e  fluid  is  prevented  from  pcissing  backwards  into  the  ischio-rectnl  fossa,  or 
terally  into  the  thigh.  It  is  directed  forwards  into  relation  with  the  scrotum 
id  penis,  and  along  the  spermatic  cord  to  the  anterior  abdominal  wall.  The 
ptum  of  the  scrotum  being  incomplete,  fluid  extravasated  on  one  side  can  pass 
roes  the  middle  line  to  the  opposite  half  of  the  perineum  and  scrotum. 

The  deep  fascia  of  the  perineum  only  exists  in  the  form  of  the  delicate 
ioneuro5$e8  of  the  muscles. 

THE   MUSCLES  OF  THE   PERINEUM. 

The  i^erineal  muscles  are  naturally  separated  into  a  superficial  and  a  deep  set  by 
le  triangular  ligament.     Superficially  are  the  sphincter  ani  externus,  transversus 
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erinei  superficialis,  Imlbo-cavernoaiis,  and  ischio-cavernosus  ;  beneath  tlie  triangular 
ijMiiient  is  the  compressor  urethne. 

Sphincter  ani  Externus. — This  muscle  is  fusiform  in  outline,  flattened,  and 
iliquely  placed  around  the  anus  and  anal  canal.  It  can  be  separated  into 
ree  layers, — subcutaneous,  superficial,  and  deep.  (1)  The  most  superficial  lamina 
nsists  of  8ul)cut*xneou8  fibres  decussating  behind  and  in  front  of  the  anus,  but 
thout  Ixmy  attachments.  (2)  The  sphincter  ani  superficialis  constitutes  the 
lin  pc^rtion  of  the  muscle.  It  is  attached  posteriorly  to  the  coccyx,  nnd  in 
»nt  of  the  anus  reaches  the  centrjil  point  of  the  |)erineum.     (.S)  The  deep  fibres 
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of  the  muscle  form  for  the  most  part  a  complete  sphincter  for  the  anal  canal 
are  continuous  with  the  fibres  of  the  levator  ani ;  they  encircle  the  anal  canal,  i 
blend   anteriorly  with  the  central  point  of  the  perineum  and   the  transT 
perinei. 

The  muscle  surrounds  the  anus,  covered  only  by  the  skin,  superficial  fascia^  i 
the  corrugator  cutis  ani  (a  series  of  non-striated  muscular  fibres  radiating  from  j 
anal  opening),     it  rests  on  the  edge  of  the  levator  ani,  and  forms  the 
boundary  of  the  ischio-rectal  fossa. 

The  transversus  perinei  superficialis  is  not  always  present     It  consists  of  j 
more  or  less  feeble  bundle  of  fibres,  arising  from  the  ascending  ramus  of  the  i 
and  the  fascia  over  it,  and  from  the  liase  of  the  triangular  ligament     It  is  i 
inwards  and  forwards  to  be  inserted  into  the  central  point  of  the  i)erineum. 
conceals  the  biise  of  the  triangular  ligament,  and  has  a  variable  relation  to  i 
superficial  ^)erineal  vessels  and  nerves. 

The  bulbo-cavemosus  (ejaculator  urinro),  in  the  male,  surrounds  the  bulb,  ( 
spongiosum,  and  root  of  the  penis.     It  is  sometimes  separated  into  two  part*^l 
posterior  (compressor  bulbi),  and  anterior  (compressor  radicis  penis).     It  arises  &oa| 
the  central  point  of  the  perineum,  and  from  a  median  raphe  on  the  under  surface  c 

the  bulb  and 
spongiosum.  The  mil 
cular  fibres  aredi 
outwards  and  forward^] 
and  have  a  triple  inav- 
tion :  from  behind  for- 
wards, (1)  into  the! 
under  surface  of  the 
triangular  ligamcDt ; 
(2)  into  the  membraDe 
covering  the  corpus 
spongiosum;  and  (3), 
after  encircling  tie 
corpora  cavernosa,  into 
the  fascia  covering  the 
dorsum  of  the  penis. 

The  ischio-bul- 
bosus,  not  always 
present^  arises  from  the 
ischium,  and  passes  oh- 
liquely  inwards  and  for- 
wards over  the  bull»- 
cavemosus,  to  be  il»- 
serted  into  the  raphe 
superficial  to  that  must*  J  ^• 
It  belongs  to  the  saiU^ 
stratum  as  the  tran**' 
versusperinciand  erector 
l)eni8. 

The  compressor 
hemispherium  bulbi 
is  frefpientlv  absent.     It 

consists  of   a  thin  ciii)-like  layer  of   muscular  fibres  surrounding  the  extremitv  of   the 

bulb  under  cover  of  the  bullx)-euvernosus. 

The  bulbo-cavernosus  (sphincter  vaginie),  in  the  female,  is  separated  into  lateral 
halves  by  the  vaginal  and  urethral  openings.  It  forms  two  thin  lateral  layers 
covering  the  vaginal  bulbs,  and  arises  behind  the  vaginal  orifice  from  the  central 
point  of  the  perineum.  Anteriorly  it  is  inserted  into  the  root  of  the  clitoris, 
some  of  its  fibres  embracing  the  corpora  cavernosa  so  as  to  reach  the  dorsum  of 
the  clitoris. 

The  ischio-cavemosus  (erector  penis),  in  the  male,  covers  the  cms  penis.     It 
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m  from  the  ischial  tuberosity  and  the  great  sacro-sciatic  ligament,  and  passing 
'ards,  is  Inserted  by  a  fascial  attachment  into  the  under  surface  of  the  crus 
18,  and  into  the  outer  side  and  dorsal  aspect  of  the  corpus  cavernosum. 
The  isohio-cavemosus  (erector  clitoridis),  in  the  female,  has  a  similar  disposition, 
is  of  much  smaller  size  than  in  the  male. 

Hie  pabo-caTemosus  is  an  occasional  slip  arising  from  the  pubic  ramus,  and  inserted  into 
ior&iun  of  the  penis.     It  coiTesponds  to  the  levatoi  penis  of  lower  animals. 

The  compressor  urethrse  (constrictor  urethrae)  constitutes  the  deeper  muscular 
*tum  of  the  perineum.  It  is  placed  on  the  pelvic  aspect  of  the  triangular 
Dient.  It  arises  from  the  lower  part  of  the  pubic  ramus,  and  is  directed  inwards, 
fibres  radiating  so  as  to  enclose  the  membranous  urethra.  It  is  inserted  into  a 
lian  raphe,  partly  in  front  of  the  urethra,  but  for  the  most  part  behind  it.  The 
es  most  intimately  related  to  the  urethra  form  a  tubular  sheath  for  the  canal, 
have  no  bony  attachments. 

The  most  anterior  and  most  posterior  fibres  of  the  compressor  urethne  exist  sometimes 
ep>arate  muscles. 

The  transversus  perinei  profundus  consists  of  a  bundle  of  fibres  on  either  side, 
ing  from  the  ascending  ramus  of  the  ischium  just  below  the  compressor  urethra?.     It 
noted  into  a  median  raphe  continuous  with  that  of  the  compressor  urethne.     Tlie 
icle,  in  fact,  constitutes  a  separate  bundle  below  and  behind  the  compressor  urethne. 
The  ischio-pubicus  is  a   term   applied    to   a  feeble   bundle  of   fibres  which,   when 
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?sont,  lies  alx^vc  and  in  front  of  the  compressor  urethne.  It  arises  from  the  pubic 
iius.  and  is  inserted  into  a  median  raphe  in  front  of  the  membranous  urethra.  This 
scic  is  homologous  with  the  compressor  vense  dorsalis  penis  of  lower  animals. 

The  compressor  urethrse  in  the  female  is  smaller  than  in  the  male.  Its 
?rtion  is  mmlified  by  the  relations  of  the  urethra  to  tlie  vagina.  The  anterior 
es  are  continuous  with  those  of  the  opposite  side  in  front  of  the  urethra ;  the 
Tmediate  fibres  pass  between  the  urethra  and  vagina,  and  tlie  posterior  lil)res 
attached,  along  with  the  transversus  perinei  profundus  (transversus  vagiuie),  into 
side  of  the  vagina. 

Nkrvk -Supply. 

The  pudic  nerve  (S.  2.  3.  4.)  suj)i)lirs  all  tlu*  inusclt's  in  this  group ;  ihv  external  i^phincter 
ugh  the  inferior  lieniorrhoidal,  aiul  the  others  through  tin*  i>erineal  hranch  of  tho  nerve. 
external  »phinctor  is  also  supplied  hy  the  j>erinoal  hranch  of  tiie  fourth  sacral  nerve. 


438 


THE  MUSCULAR  SYSTEM. 


Actions. 

The  external  sphincter  closeA  the  anal  canaL     The  transyergiu  perinei  laptrflculii  < 

back  and  tixt\s  the  central  point  of  the  perineum,  assisted  by  the  external  sphincter.     The  I 
cavernosas  of  the  male  constricts  the  bulb  and  cor])us  spongiosum,  and  so  expresses  the  laitd 
of  urine  or  s<*nien.     In  the  female  it  acts  as  a  feeble  sphincter  of  the  vagina.     The 
cavernosas  and  balbo-cavernosas  help  in  erection  of  the  penis  or  clitoris.     The 
arethrsB  ocmstrictd  the  membranous  urethra,  and  in  the  female  helps  to  flatten  and  fix  thei 
the  vafirina.     It  also  fissists  in  causing  erection  of  the  penis  or  clitoris  by  compression  of  the  i 
in  relation  to  it. 


FASCIA  OF  THE  PELVIS. 
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The  pelvic  basiu,  placed  obliquely,  deeper  and  more  hollowed  behind 
front,  and  imperfect  in  its  bony  boundiaries,  is  to  a  large  extent  completed  by 
ments.  The  sacro-sciatic  ligaments  behind,  the  obturator  membrane  laterally, 
the  triangular  ligament  in  front  assist  in  filling  up  its  osseous  deficiencies.  1 
almost  entirely  clothed  internally  by  muscles:  by  the  pyriformis  on  each 
behind,  the  obturator  internus  at  the  side,  and  the  compressor  urethrae  in  coni 


Pubo-provtntlc  Lt||^ment4 
0:lp«^ll^  or  pro9tat«  ^land 
Prt^tate  y;1iaiicil 


Corpiu  spongtosom  penis 
Cori>as  cavernoKum 

Ujjii  '.t.  t,r  .-.^  ■-  L  U  IlKT  H  A  M.  V.V9CIM 

Pust4^nor  bi^^r  qT  ttiaoguUr  ligament 


Obturator  membnuie 

OBTrntATOR  iHTCBinn 
Parietal  (obturator)  layn  of 
pelvic  fkflcia 
Ischio-rectal  foaaa 

Anal  CuciA 

Obtciutor  BXTKBSrua 

Levator  akt 

Visceral  layer  of  pelrie  tedi 

^    Innominate  bone  (ischium) 

ir^^--       Recto-vesicRl  layer  of  pelTk 

fiucia  (enclosing  vasa  defemsia  1 
and  vesieulse  seminalw) 

Rectal  layer  of  peUic  fksda 
Rectum 


PTRirORMfS 


Sacrum 


Fio.  348.-  DissKcnoN  op  the  Pblvio  Fascia  from  Abovb  (diagrsmniAtic). 


with  the  triangular  ligament  in  front.  Indeed,  the  bones  of  the  pelvis  only 
project  into  the  cavity  in  three  places ;  the  spines  of  the  ischium  project  into  the 
cavity  on  each  side,  and  the  pubis  appears  in  its  anterior  wall. 

I'he  pelvic  fascia  forms  a  cylindrical  membrane  lining  the  wall  of  the  pelvis,  as 
an  aponeurosis  for  its  muscles.  It  is  attached  above  and  below  to  the  inlet  and 
outlet  of  the  pelvis  ;  above  to  the  promontory  of  the  sacrum,  ilio-pectine^l  line,  and 
back  of  the  pubis ;  below  to  the  coccyx,  great  sacro-sciatic  ligament,  tuber  ischii, 
and  the  base  of  the  triangular  ligament.  This  cylindrical  membrane  is  the 
parietcd  pelvic  fascia ;  it  forms  the  psrriformis  fl&scia  behind,  the  obtnrator  UadA 
at  the  side  of  the  pelvis,  and  the  so-called  posterior  layer  of  the  triangular  ligament 
in  front.  As  this  fascia  lines  the  pehdc  wall  it  obtains  attachments  to  the  pro- 
jecting bones,  to  the  back  of  the  pubis  anteriorly,  and  to  the  spine  of  the  ischium 
on  each  side.  It  is  deficient  in  relation  to  the  obturator  groove,  through  which 
the  ol)turator  artery  and  nerve  pass  to  reach  the  thigh. 

The  white  line,  a  thickened  band  of  the  fascia,  extends  between  the  back  of 
tlie  pubis  and  the  spine  of  the  ischium,  and  roughly  indicates  the  line  of  separation 
of  the  pelvic  cavity  from  the  ischio-rectal  fossa.  The  white  line  serves  two 
purposes  :  it  gives  origin  to  fibres  of  the  levator  ani  muscle,  and  also  to  a  seoondaiy 
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■  fascia,  known  as  the  visceral  pelvic  fascia,  which  arches  downwards  and 
\  acioss  the  floor  of  the  pelvis  to  be  connected  with  the  pelvic  viscera.  This 
ine  is  thin  and  unimportant  behind,  as  it  passes  forwards  from  the  lower 
ertebrae  to  the  rectum.  It  is  thicker  at  the  sides  and  front  of  the  pelvis, 
it  forms 
nembrane 
5  upwards, 
LOUS  mesi- 
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^'°*  ^*^' — Obuqui  Section  across  the  Pelvis,  to  show  the  Disposition  of 
' and  pros-  thi  Pblvic  Fascu  and  the  Boundaries  op  the  Ischiorectal  F<j8sa. 

land,  and 

ise    to   two    lateral    folds — the  pubo-iirostatic   ligaments,   whicli    enclose 

1  them  a  hollow  on  the  pelvic  aspect  of  the  fascia,  known  as  the  cavum 

The  lateral  portion  of  the  visceral  pelvic  fascia  constitutes  the  recto-vesical 

ivisible  into  three  parts — vesical,  rectal,  and  between  these  the  recto-vesical 

layer,  a  partition  insinuated 
iliac  arwrj^  ^  ^    .   ,,  ^      ^  --^  bctwcen    the    rectum    and 

bladder,  and  enclosing  the 
vesiculse  seminales  and  vasa 
det'erentia.  This  visceral 
pelvic  fascia  thus  forms  a 
support  for  the  pelvic  vis- 
cera, and  at  the  same  time 
acts  as  a  partition  between 
the  pelvic  cavity  and  the 
j  perineum.     It  is  separated 

-H^!'.'.^*^^^*°  from  the  pelvic  cavity  by 
Aii^^hmentto  thc  pcritoncum  and  the 
extra-peri toueal  tissue,  and 
is  in  contact  with  the  levator 
ani  muscle  on  its  perineal 
surface.  The  internal  iliac 
vessels  and  their  branches 
lie  on  the  pelvic  aspect  of 
the  fascia,  and  the  parietal 
vessels  pierce  it,  and  are  en- 
d  by  it  as  they  leave  the  pelvis.  On  the  other  hand  the  spinal  nerves 
r  the  sacral  plexus  lie  outside  the  fascia  with  one  exception.  The  obturator 
ifter  piercing  the  inner  border  of  the  psoas  muscle  and  the  psoas  fascia,  leaves 
vis  through  a  special  hole  in  the  jxilvic  wall,  after  traversing  the  extra- 
eal  tissue. 

!  pelvic  fascia  in  the  female  only  differs  in  slight  detail  from  that  of  the 
It  encloses  the  neck  of  the  bladder  and  vagiua  instead  of  tlie  prostate 
md  invests  the  lower  part  of  the  neck  of  the  uterus  instead  of  the  vesicuke 
le& 
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J50.— The  Outer  Wall  of  the  Pelvis  (Pelvic  P'ascia). 
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MUSCLES  OF  THE  PELVIS. 

The  pelvic  diaphragm  consists  of  several  more  or  less  rudimentary  mua 
slips,  constituting  the  levator  ani  and  ischio-coccygeus  muscles,  which  sen 
uphold  the  pelvic  floor,  and  are  related  to  the  rectum  and  the  prostate  glao 
vagina. 

The  levator  ani  arises  from  (1)  the  back  of  the  body  of  the  pubis,  (2 
parietal  pelvic  fascia  above  or  along  the  white  line,  and  (3)  the  spine  of  the  isch 
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Fia.  351.— The  Fascial  and  Muscdlau  Wall  op  the  Pelvis  after  Removal  of  Pabt  of  the 

Innominate  Bone. 

Its  fibres  are  directed  downwards  and  backwards,  to  be  inserted  into  (1)  the  ce 
point  of  the  jierineum,  (2)  the  external  sphincter  around  the  anus  and  the 
coccygeal  raphe  behind  the  anus,  and  (3)  into  the  sides  of  the  lower  sacral  an< 
coccygeal  vertebrje. 

The  concave  uppjr  surface  of  the  muscle  is  covered  in  part  by  the  vif 
pelvic  fascia;  in  part  it  is  in  contact  with  the  rectum  behind  and  the  pre 
gland  or  vagina  in  front.  The  inferior  convex  surfiice  of  the  muscle  foruu 
inner  wall  of  the  ischio-rectal  fossa.  Its  posterior  edge  is  overlapped  b) 
iscliio-coccygeus ;  its  anterior  edge  is  in  contact  with  the  posterior  layer  o 
triangular  ligament. 
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le  levator  ani  is  divisible  into  four  parts — pubo-rectalis,  pubo-coccygeus,  ilio- 
:eu8,  and  ilio-sacralis.  The  pubo-rectalis  (levator  prostata)  is  the  part  inserted  into 
ntral  point  of  the  perineum.  The  pabo-coccygens  is  the  part  inserted  into  the  anus 
le  auo-Goccjgeal  raphe,  and  the  ilio-coccygeuB  and  ilio-sacralis  are  represented  by 
)res  attached  to  the  sacrum  and  coccyx.  The  firat  two  are  best  developed  ;  the  last 
ries  of  fibres  are  the  most  rudimentary.  These  seveml  parts  of  the  muscle  represent 
mains  of  the  flexor  caudee  of  tailed  animals. 

he  ischio-COCCygens  is  a  rudimentary  muscle  overlapping  the  posterior  border 
e  levator  ani  It  arises  from  the  ischial  spine  and  the  small  sacro-sciatic 
it*nt,  and  is  inserted  into  the  sides  of  the  lower  two  sacral  and  upper  two 
geal  vertebrae.  The  muscle  is  separated  from  the  rectum  by  the  visceral 
c  fascia,  and  is  in  contact  externally  with  the  sacro-sciatic  ligaments. 

Nerve-Supply. 

le  levator  ani  is  supplied  from  two  sources :  bv  the  perineal  (muscular)  branch  of  the  piidic 
,  and,  on  its  pelvic  surface,  by  special  branches  from  the  third  and  fourth  sacral  nerves. 
ichio-coccygeiiB  is  supplied  on  its  pelvic  surface  by  the  third  and  fourth  sacral  nerves. 

Actions. 

I  Tlie  le\'ator  ani  and  ischio-coccy^ua  serve  to  uphold  and  slightly  raise  the  pelvic  floor, 
hfv  are  likewise  capable  of  producmg  slight  flexion  of  the  coccyx.  (3)  The  anterior  fibres 
e  levator  ani,  in  the  female,  sweeping  round  the  vagina,  compress  its  walls  laterally,  aud 
with  the  sphincter  vamnas,  help  to  voluntarily  diminish  the  lumen  of  the  tube.  (4)  The 
part  of  the  muscle  in  the  male  elevates  the  prostate  gland  (levator  prostatae).  (6)  The  chief 
1  of  the  levator  ani  is  in  defcecation.  Along  with  the  external  sphincter  it  acts  as  a  sphincter 
p  rectum,  closing  the  anal  canaL  During  defalcation  the  muscle  draws  upwards  the  anus 
the  faecal  mass,  and  so  assists  in  its  expulsion.  (6)  In  parturition,  in  the  same  way,  the 
le,  contracting  below  the  descending  fcetal  head,  retards  delivery.  Contracting  on  the  fajtal 
it  draws  upwards  the  pelvic  floor  over  the  foetus,  and  so  assists  delivery. 

IE  DEVELOPMENT  AND  MORPHOLOGY  OF  THE  SKELETAL  MUSCLES. 

Kir  knowledge  of  the  development  and  morphology  of  the  muscular  system  is  very 
apleto.  It  has  already  been  shown,  in  the  chapter  on  general  embryology,  that  the 
blast  on  either  side  of  the  embryonic  medullary  tube  separates  into  three  main  parts — 
ayotome,  nephrotoine,  aud  sclerotome  or  lateral  plates  (somatopleure  and  splanchno- 
•e). 

lie  myotomes  are  probably  directly  or  indirectly  the  source  of  the  striated  muscles 
10  whole  body.  Each  consists  at  first  of  a  quadrilateral  bilaminar  mass,  resting 
ist  the  me<lullary  tube  aud  notochord  on  either  side.  The  cleft  between  its  two  layers 
&eut.s  the  remains  of  the  ccelomic  cavity.  In  the  early  stages  of  embryonic  life  the 
til  of  the  myotome  is  rapid.  On  its  inner  side  masses  of  cells  arise,  which  grow  in- 
s  and  surround  the  medullary  tube  and  notochord  to  form  the  foundation  of  the 
?bral  column.  On  its  outer  side  cells  appear  to  be  given  ofl^  which  participate  in  the 
ation  of  the  cutis  vera.  At  the  same  time  the  dorsal  aud  ventral  borders  of  the 
tome  continue  to  extend,  and  present  extremities  (growing  points)  with  an  epithelial 
tiire  f(>r  a  considerable  period.  On  the  (hrmi  side  it  overlies  the  medullary  tube,  and 
;  rise  to  the  muscles  of  the  back  ;  while  by  its  ventral  extension,  which  traverses  the 
.toplouric  nicsoblast  in  the  Ixxly  wall,  it  produces  the  lateral  and  ventral  muscles  of 
runk.  Hy  an  inward  extension  it  probably  gives  rise  also  to  the  hypaxial  muscles  of 
leck  and  loin.  The  cells  of  the  inner  layer  of  the  myotome  are  responsible  for  the 
ation  of  the  muscle  fibres.  The  cells  elongate  in  a  direction  parallel  to  the 
axis  of  the  embryo,  and  give  rise,  by  fusion  with  the  cells  of  neighbouring  myotomes, 
V  tM)lumn8  and  sheets  of  muscles  of  the  back  and  trunk.  For  the  most  part(e.</.  back 
ilxlonien)  the  originally  segmental  character  of  the  muscular  elements  is  lost  by  the 
or  less  complete  fusion  of  adjacent  myotomes.  The  intercostid  nniscles,  however, 
he  direct  derivatives  of  individual  myotomes. 

Muscles  of  the  Limbs. — In  fishes  and  (doubtfully)  reptiles  there  is  evidence  that 
iiyotomes  are  concerned  in  the  formation  of  the  limb-muscles  by  their  extension  into 
inib-bud  in  a  manner  similar  to  that  described  for  the  trunk.  In  birds  and  mammals, 
?ver,  in  which  the  limb- bud  arises  as  an  undifterentiated,  unsegmented  mass  of 
)blastic  tissue,  partly  from  the  mosoblast  surrounding  the  notochord,  and  partly  from 
somatopleuric  mesoblast,  tiie  myotomes  stop  short  at  the  root  of  each  limb,  and 
ot  penetrate  into  its  substance.  Instead,  the* muscular  elements  of  the  limb  t».kvi 
32 
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origin  independently  aa  dmtbk  dorMil  and  ventrai  simia  of  ftiKifonii  cells  on  the  * 
ventral  surfaces  of  the  limlj-ltuid.  These  strata  are  uftmfmentetf  ;  they  are  grouped  i 
the  skeletal  elements  of  the  limb,  and  they  gmdually  become  differentiated  into  Uiei 
masses  and  individual  muscles  of  the  limb. 

Muscles  of  the  Head^ — Notwitbatanding  the  obscurity  and   complexity  of  I 


Fio.  352. 
Scheme     to     Illustrate 

THE    DksPOSITION  OF   THE 

Myotomes  in  tJie  Em- 
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the  Head,  Trunk,  and 
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A,  B,  C,  First  three  cephalic 
myotomes ;  N,  1,  2,  3,  4, 
Tiftst  persisting  cephalic 
myotomes  ;  C,  T.,  L.,  S., 
Co.,  The  myotomes  of  the 
cervical,  thoracic,  lumbar, 
sacral,  and  caudal  regions  ; 
I.,  II..  III.,  IV.,  v.,  VI., 
VII.,  VIII.,  IX.,  X.,  XI., 
XII.,  refer  to  the  cranial 
nerves  and  the  structures 
with  which  they  may  l)e 
embryologically  associ  - 
ated. 


subject,  it  appears  certain  that  at  hfiH  two  serjtm  of  elementary  structures  are  cou<^n»pd 
in  the  formation  of  the  tuuBclei;  of  the  head  and  face— the  cephalic  myotomes  and  tbe 
muscular  structure  of  the  branchial  arches. 

The  number  of  myotomes  originally  existing  in  the  region  of  the  head  is  not  knofBt 
although  it  is  stated  with  some  authority  that  nine  is  the  perfect  number.  The  ^firvt  ^m 
are  described  as  persisting  in  the  form  of  the  ocular  muscles,  the  last  ihret  in  relatimitti 
the  muscles  of  the  tongue,  while  the  three  inttrt'veTiimf  myotcmies  disappear. 

The  following  table  shows  the  possible  fate  of  the  cephalic  myotomes : — 

First,  Superior,  iutemal  and  inferior  recti,  obliquus  inferior,  levator  palpebree  8uperiori& 

Second,  OMi(iuuH  superior. 

Third,  Rectus  extenius. 

Fourth,  Fifth  and  Sixth,  Al>sent 

Seventh,  \ 

Eighth,  I  Muscles  of  the  tongue. 

Ninth,  j  Muscles  connecting  the  cranium  and  shoulder  girdle. 

Tenth  (first  cervical)    ] 

The  mesoblastic  tissue  of  the  branchial  arches  is  probably  concerned  in  the  production  of 
tin?  following  muscles  of  the  face  and  neck  : — 

First  (inandibular)  arch  .         .  Muscles  of  ma.stication. 

f  Platysma  inyoido^  and  facial  mu8cle& 
Se/'07id  (hyoid)  arch  .  -!  l^Iuscles  of  the  soft  palate. 

I  Stapedius,  stylo-hyoid,  and  digastric. 

mnHt,yro-kyoi<i)arck  .        .         {gpi^&r. 

f  Middle  and  inferior  constrictors. 
)  Muscles  of  the  larynx. 


Fourth  and  Fifth  (hranchiul)  arches 
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THE  BRAIN  AND  SPINAL  CORD,  WITH  THEIR  MENINGES. 

B7  D.  J.  Cunningham. 


system  connects  the  various  parts  of  the  body  with  each  otlier  and 
them  into  one  harmonious  whole.  Its  relatively  great  bulk  and  its 
oomplexity  constitute  two  of  the  most  distinctive  structural  features 
t  ma.  It  oonsiBts  of  two  parts,  viz.  the  cerebrospinal  nervous  system  and  the 
(pimilhetic  nervous  system. 

Ilift  WfmptkUbBtic  nervous  system  is  composed  of  a  chain  of  serially  disposed 
pag^  bound  to  each  other  by  intervening  nervous  cords,  and  placed  one  on  either 
ile  of  the  yertebial  column.  In  addition  to  these  gangliated  cords,  the  sympathetic 
mtem  indudes  oertain  dense  plexuses  of  nerves  and  numerous  scattered  ganglia. 
The  whole  is  most  intimately  connected  with  the  cerebrospinal  nervous  system,  and 
both  have  apparently  a  common  developmental  origin.  The  separation  of  the 
nervous  system  into  the  two  leading  subdivisions  of  sympathetic  and  cerebro- 
^nnal  is  therefore  of  a  somewhat  arbitrary  kind. 

The  cerebrospinal  nervous  system  consists  of  the  brain,  which  very  nearly 
completely  fills  the  cranial  cavity,  and  the  spinal  cord  or  spinal  marrow,  which  only 
partially  fills  the  vertebral  canaL  These  are  continuous  with  each  other,  and  together 
constitute  the  cerebrospinal  axis.  Attached  to  the  brain  and  spinal  cord  are  the 
numerous  nerves  which  bring  the  various  parts  of  the  body  into  connexion  with  the 
central  nervous  axis.  There  are  thirty-one  pairs  of  symmetrically  disposed  spinal 
ifffw  attached  to  the  sides  of  the  spinal  cord.  Each  of  these  nerves  is  connected 
to  the  side  of  the  cord  by  a  ventral  or  anterior  and  a  dorsal  or  posterior  root,  and 
the  dorsal  root  is  distinguished  by  presenting  a  distinct  oval  swelling,  termed  a 
qiail  ganglion,  on  that  part  of  its  course  immediately  internal  to  the  place  where 
the  two  roots  unite  to  form  the  spinal  nerve-tnmk  (Fig.  365,  p.  453). 

The  cranial  nerves  are  twelve  in  number  on  each  side,  but  one  only  (viz.  the 
fifth  or  trigeminal)  presents  a  double-rooted  attachment  similar  to  a  spinal  nerve 
Several,  however,  possess  ganglia  in  every  respect  comparable  with  the  ganglia  on 
the  dorsal  roots  of  the  spinal  nerves.  These  are  the  tilth  or  trigeminal,  the  sevenlh 
^r  facial,  the  eighth  or  auditory,  the  ninth  or  glosso-pharyngeal,  and  the  tenth  or 
s'agus  cranial  nerves. 

CEREBROSPINAL  NERVOUS  SYSTEM. 

The  brain  and  spinal  cord  are  composed  of  two  substances  which  present  a 
iiffvrent  appearance  to  the  eye,  and  which  are  distinguished  by  the  terms  white 
natter  and  gray  matter.  The  difference  in  colour  between  tlu^se  two  substances 
lepends  not  only  upon  the  different  elements  which  cuter  into  their  formation,  but 
ilso  upon  the  fact  that  the  gray  matter  is  the  more  vascular  of  the  two.  The 
*hite  matter  is  chiefly  composed  of  nerve-filjres,  whilst  the  essential  constituents 
>f  the  gray  matter  are  nerve-cells  which  give  origin  to  nerve- fibres.  An  all  per- 
vading matrix  termed  the  neuro^'lia  forms  the  bed  in  which  the  ueTve-f\\>T^'ft  vvwd 
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nerve-cells  lie,  and  is  present  both  in  the  gray  and  the  white  matter.  The  elen 
tlierefore,  which  constitute  nervous  tissue  are  nerve-cells,  nerve-fibres,  and  neup 
Nerve-fibres. — Nerve-fibres  arranged  in  bundles  of  greater  or  less  bulk 
the  nerves  which  pervade  every  i>art  of  the  body.  They  also  constitute  the  : 
part  of  the  brain  and  spinal  cord.  Nerve- fibres  are  the  conducting  elements  oft 
nervous  system ;  they  serve  to  bring  the  nerve-ceUs  into  relation  both  with 
other  and  with  the  various  tissues  of  the  body. 

There  are  different  varieties  of  nerve-fibres,  but  in  all  the  leading  and  essei 
constituent  is  a  delicate  thread-like  band,  termed  the  axis-cylinder.     The  diffej 
between  individual  fibres  depends  upon  the  fact  that  in  some  cases  the  axis-cyL 
becomes  invested  by  one  or  two  coats,  whilst  in  other  cases  it  remains  naked. 
the  axis-cylinder  is  coated  on  the  outside  by  a  more  or  less  thick  sheath  of  a  i 
substance  termed  myelin,  it  is  said  to  be  a  myelinated  or  medullated  fibre.     When  t 
coating  of  myelin  is  absent,  the  fibre  is  termed  a  non-myelinated  i 
a   non- medullated   fibre.      A  second   sheath — thin,  delicate, 
membranous,  and  placed  externally — may  also  be  present  in 
cases.     It  is  termed  the  primitive  sheath  or  the  neurolenmuL    Fn 
a  structural  point  of  view,  therefore,  four  different  forms  of  ne 
fibre  may  be  recognised : — 
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N      t  fid  11  ted  i  ^*  Naked  axis-cylinders. 

(  2.  Axis-cylinders  with  primitive  sheaths. 
j  3.  Primitive  sheath  absent. 
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Every  nerve-fibre  near  its  origin  and  as  it  approaches  its  terminatkt 
is  unprovided  with  sheaths  of  any  kind,  and  is  simply  repieseDtel 
by  a  non -medullated  naked  axis  -  cylinder.  The  fibres  of  thi 
olfactory  nerves  afford  us  an  example  of  non-meduUated  fibm 
furnished  with  a  primitive  sheath. 

Medullated  fibres  are  present  in  greater  quantity  in  the  cerebio- 
spinal  system  than  non-medullated  fibres.  Thus  all  the  nerva 
attached  to  the  brain  and  cord,  with  the  exception  of  the  olfactoij 
and  optic,  are  formed  of  medullated  fibres  provided  with  a  primitiiv 
sheath ;  whilst  the  entire  mass  of  the  wliite  substance  of  the  bnin 
and  cord,  and  also  the  optic  nerves,  are  formed  of  medullated  fihni 
devoid  of  a  primitive  sheath. 

It  is  important  to  note  that  the  distinction  between  the  medul- 
lated and  non-medullated  fibres  is  not  one  which  exists  throughool 
all  stages  of  development.  As  will  be  presently  pointed  out,  eveiy 
fibre  is  a  direct  outgrowth  from  a  cell,  and  in  the  first  instance  itii 
not  provided  with  a  medullary  sheath.  Indeed,  it  is  not  until 
about  the  fifth  month  of  foetal  life  that  those  fibres  which  are  to 
form  the  white  substance  of  the  cerebrospinal  axis  begin  to  acquire 
their  coating  of  myelin.  Further,  this  coating  appears  in  the  fihw 
of  different  strands  or  tracts  at  different  periods,  and  a  knowledge 
^**^^  Ko^ih^i^^^^^^  ^f  ^^^^^  ^*^^^  *^^^  enabled  the  anatomist  to  follow  out  the  connexionfl 
of  the  tracts  of  fibres  which  compose  tlie  white  matter  of  the 
brain  and  cord. 

But  it  nijiy  be  asked:  How  does  a  nerve-fibre  arise  and  how  does  it  end? 
Every  fibre  is  directly  continuous  by  one  extremity  with  a  nerve-cell,  whilst  its 
o]>posite  extremity  breaks  up  into  a  num])er  of  ramifications,  all  of  which  end 
freely  in  relation  to  another  nerve-cell,  or  in  relation  to  certain  tissues  of  the  body, 
as  for  example,  to  muscle-fibres  or  to  the  epithelial  cells  of  the  epidermis.  The 
length  of  nurve-iibres,  therefore,  varies  very  greatly.  Some  fibres  are  short  and 
merely  bring  two  neighbouring  nerve-cells  into  relation  with  eiich  other:  others 
travi'l  lung  distances.  Thus  a  fibre  arising  from  one  of  the  motor  cells  of  the  lower 
end  of  the  spinal  cord  may,  after  leaving  the  cord,  extend  to  the  most  outlying 
muscle  in  th(»  sole  of  the  foot  before  it  reiiches  its  destination.  But  even  when  a 
fibre  iloes  not  leave  the  central  axis  a  great  length  may  be  attained,  and  cells 
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lAted  in  the  motor  area  of  the  cortex  of  the  cerebrum  give  origin  to  fibres  which 

ft  down  to  the  lower  end  of  the  cord. 

n&yaiologists  classify  the  fibres  which  form  the  nerves  into  two  sets,  afferent 

I  effisrent.      Aflerent  nerve-filireB  conduct  the  impulse  of  impressions  from  the 

^heial  organs  into  the  central  nervous  system ;  and  as  a  change  of  consciousness, 

in  other  words^  a  sensation  is  a  frequent  result,  these  fibres  are  often  called 

mrjf,     EffBrant  nerve-flfares  carry  impulses  out  from  the  brain  and  cord  to  peri- 

Uml  organs     The  majority  of  these  fibres  go  to  muscles  and  are  termed  inotor ; 

Mn,  however,  go  to  glandis  and  are  called  secretory ;   whilst  some  are  inhibitory 

d  serve  to  carry  impulses  which  restrain  or  check  movement  or  secretion.     As 

moosly     stated, 

ft  wpinal  nerves  are 

Bh  attached  to  the 

id  by  a  ventral  or 

terior  root,  and  a 

ml  or  posterior 

Dfc;  the  fibres  com- 

■ing  the    former 

B efferent;  whilst 

le  fibres  of  the 

sterior    root    are 

most     entirely 

brent 

Nerve -cells. — 
bsnerve-^sells  con- 
atate  the  active 
id  all-essential 
kements  of  nerve- 
isBae.  At  the  very 
tart  it  is  necessary 
0  draw  a  broad 
lutinction  between 
JM  ganglionic  cells, 
vfaich  are  found  in 
iie  spinal  ganglia, 
nd  the  cells  which 
m  80  plentifully 
wtfcered  through 
^gray  matter  of 
ihe  brain  and  cord, 
fhey  differ  not  only 
^  their  mode  of 
rigin  and  in  their 
ttbaequent  develop- 
oent,  but  also  in  the  connexions  of  the  nerve-fibres  to  which  they  give  origin. 

Nerve-cells  of  the  Brain  and  Cord. — The  cells  in  the  gray  matter  of  the 
erebrospinul  axis  are  variable  both  in  size  and  form.  Some  are  relatively  large, 
a,  for  example,  certain  of  the  pyramidal  cells  of  the  cerebral  cortex  and  tlie  motor 
sella  in  the  gray  matter  of  the  cord,  which  almost  come  within  tlie  range  of  unaided 
Tsion;  others  are  exceedingly  minute,  and  require  a  high  power  of  the  microscope 
0  bring  tlu^m  into  view.  The  cell  consists  of  a  j)rot()j)la.sniic  nucleated  body,  from 
iliieh  certain  processes  proceed.  One  process  is  termed  the  axis-cylinder  process  or 
ion:  aud  as  a  rule  it  is  easily  distinguished  from  the  others,  which  are  collectively 
ailed  the  protoplasmic  processes  of  Deiters,  or  the  dendrites. 

The  axon  presents  a  uniform  diameter  and  a  smooth  and  even  outUne.  It  gives 
•ff  in  its  course  fine  collateral  branches,  hut  does  not  suffer  thereby  any  marked 
iiminution  in  its  girth.  The  most  important  point  to  note  in  counexion  with  the 
ixou,  however,  is  the  fact  that  it  beccmies  continuous  with  the  axis-cylinder  of  a 
lerve-fibre.     The  significance  of  this  is  obvious,  aud  will  become  more  ttt.i\k\\i^ 


Fio.  854. — Thueb  Nervk-Cklls  from  the  Anterior  Horn  ok  CJray 
Matter  ok  the  Human  Spinal  Cord. 
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Fig.  365.— Two  Multipolar  Nkrve- 
Cklls,  from  a  specimen  prepared 
by  the  Golgi  method. 


In     cases 
axon    emerges 


basket  -  work, 
where    the 

from  the  cerebrospinal  axis 
its  terminal  arborisation 
ends  in  relation  to  a  muscle- 
fibre  or  some  other  tissue 
in  the  manner  already  re- 
ferred to.  In  all  cases, 
however,  it  would  appear 
that  the  terminal  branches 
of  the  axon,  no  matter  how 
complicated  the  connexion 
may  seem,  are  free,  and 
that  the  connexion  is 
simply  one  of  contact  or 
contiguity,  and  not  one  of 
continuity. 

Held  maintains  that, 
although  at  first  the  terminal 
arborisations  of  an  axon  are 
quite  free,  in  the  process  of 
growth  and  development  they 
exhibit  a  tendency  to  become 
fused  with  the  dendrites  and 
even  the  bodies  of  other 
nerve-cells. 


when  the  development  of  the  nei 
is  studied.  The  axon  then  is  si 
nerve-fibre,  and  in  certain  circumst 
assumes,  as  already  stated,  one 
investing  sheath&  The  axon  may 
entire  course  within  the  substance 
brain  or  cord  either  for  a  short  or 
distance,  or  it  may  emerge  from  tb 
or  cord  in  one  of  the  cranial  or 
nerves  as  the  essential  part  of  an 
nerve -fibre,  and  run  a  variable  ( 
before  it  finally  reaches  the  pej 
structure  in  relation  to  which  it  end 
axon  and  the  collaterals  which  sprii 
it  terminate  either  in  small  butt 
swellings  or  knobs,  or  more  fireque 
terminal  arborisations,  the  extrem 
which  are  free  and  are  furnished  ? 
ceedingly  small  terminal  varicodti 
those  cases  where  the  axon  or  its  col 
end  within  the  brain  or  cord,  some 
terminal  arborisations  interlace  w 
dendrites  of  nerve-cells,  whilst  otl 
twined  around  the  bodies  of  otb 
In  the  latter  case  the  interlaceme 
be  so  close  and  complete  that  it 
presents  the  appearance  of    an  ei 


Fio.  356.  —  Nerve-Cell   prom   Cerebelldm   (Cell  of  I 

8H0WINO  THE   BRANCHING    OK    THE    DkNDRITIC    PrOCIS 

a  lantern  slide  by  Professor  Symington). 
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i«iicUitfl8,  or  protoplasmic  processes  of  the  nerve-cell,  are  thicker  than  the 
d  present  a  rough -edged  irregular  contour.  They  divide  into  numerous 
),  and  these  'CTadually,  as  they  pass  from  the  cell-body,  become  more  and 
^nuated  until  they  finally  end  in  free  extremities.  The  branching  of  the 
:;  processes  sometimes  attains  a  marvellous  degree  of  complexity  (Fig.  356), 
ept  in  exceptional  circumstances,  there  is  no  anastomosis  between  the 
8  of  neighbouring  cells,  or  between  the  dendrites  of  the  same  celL  It 
ppear,  therefore,  that  nothing  in  the  shape  of  a  network  is  formed  by  these 
s. 

lie  chapter  upon  Embryology  it  has  been  shown  that  in  the  early  condition 
erebrospinal  axis  the  brain  and  cord  consist  simply  of  a  tube  (p.  21).  The 
this  tube  is  formed  of  a  single  layer  of  tall  columnar  neuro-epithelial  cells, 
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-Trassverse  Section  through  the  early  Neural 
liaprammatically  represented  (Alfred  H.  Young). 

'ft  side  of  the  .section  exhibits  an  earlier  stage  of 
development  than  the  right  side. 


Fig.  858. —The  Developmental 
Stages  exhibited  by  a  pyra- 
midal Cell  of  the  Brain  (after 
Ramun  y  Cajal). 

a,  Neuroblast  with  rudimentary 
axon,  but  no  dendrites  ;  h  an«l  r, 
The  dendrites  beginning  to  sprout 
out ;  d  and  e.  Further  develop- 
ment of  the  denilrites  and  ap- 
pearance of  collateral  branches 
on  the  axon. 


its  deepest  or  most  internal  part  large  round  cells  make  their  appeamnce 
utervals  between  the  epithelial  columns.  These  new  cells  are  termed  the 
.  cells,  and  from  them  the  nerve-cells  are  derived.  They  are  present  in 
ahle  numbers,  and  towards  the  fourth  week  of  embryonic  life  they  form  an 
tontinuous  layer.  Although  these  cells  ultimately  become  nerve-cells  they 
lutely  without  processes  in  their  early  state,  and  therefore  at  this  period, 
i  there  is  a  nervous  system,  there  are,  as  His  remarks,  no  nerves.  In 
)f  time,  and  as  the  wall  of  the  neural  tube  thickens,  the  germinal  cells 
>  migrate  in  an  outward  direction.  They  leave  the  deep  part  of  the  wall 
leural  tube  and  proceed  to  take  up  the  positions  they  occupy  in  the  gray 
)f  the  c/jnl  and  bmin  of  the  adult.  These  migrating  cells  assume  a  pyriform 
nd  are  termed  neuroblasts.  The  drawn-out  portion  or  stalk  of  the  pear- 
(leuroblast  represents  the  early  axon,  and  this  continues  to  grow  and  increase 
\\  until  it  ultimately  attains  the  terminal  relations  characteristic  of  the 
The  study  of  embrj'ology  ])resents  few  more  remarkable  ])henomena  than  the 
in  which  this  axon  grows  out,  and,  in  the  efferent  nerve-fibres,  emerges 
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from  the  central  axis,  and  yet  pursues  its  allotted  path  with  the  most  ui 
exactitude  and  precision  until  it  ultimately  reaches  the  nerve-cell  or  the  per 
tissue  element  with  which  it  becomes  associated.  The  growing  point  of  I 
and  its  collaterals  is  slightly  bulbous,  and  it  is  out  of  this  that  the  te 
arborisation  is  formed. 

This  conception  in  regard  to  the  outgrowth  of  the  axon  in  the  case  of  the  pei 
nerve-fibres  has  not  been  allowed  to  pass  unchallenged,  and  it  must  be  admitu 
certain  facts  recently  observed  militate  against  it. 

Whatever  opinion  may  be  held  in  regard  to  the  developmental  origin  of  tt 
cylinder  and  medullary  sheath  of  a  peripheral  nerve-fibre,  there  is  every  reason 
belief  that  the  neurolemma  is  mesodermic  in  its  origin,  and  is  therefore  formed  frc 
outside  the  ectodermic  neural  tube.  There  are  some  who  think  that  the  axis-cyt 
secreted  in  situ  by  a  chain  of  these  colls,  whilst  others  consider  that  the  mesoblasi 
of  a  nerve-fibre  merely  constitute  a  cellular  tube  through  which  the  growing  axou 
its  way  to  its  destination,  and  perhaps  also  supply  the  pabulum  necessary  for  its  g 

The  dendritic  processes  of  the  nerve-cell  appear  at  a  later  period  than  th 
The  surface  of  the  neuroblast  becomes  rough  and  then  somewhat  spiny, 
growth  and  subdivision  of  these  spiny  projections  the  dendrites  are  forme 
His  remarks,  the  nerve-cell  is  therefore  the  genetic  centre  from  which  all  th 
of  a  nervous  element  proceed. 

It  must  now  be  clear  that  each  ner\'e-cell  is  a  unit  which  is  separate  andc 
from  the  nerve-cells  which  lie  around  it.  Further,  it  is  obvious  that  it  is  w: 
consider  the  nerve-cell  as  something  apart  from  the  nerve-fibre.  The  nei 
with  its  dendrites  and  axon,  how^over  wide-spreading  these  processes  n 
constitutes  an  independent  system  to  which  the  term  neuron  is  applie 
the  only  relation  which  it  has  with  other  neurons  or  with  peripheral  tissuei 
of  contact. 

Ganglionic  Nerve-Cells. — The  ganglionic  neurons  found  in  the  ganglia 
cranial  nerves  and  in  the  ganglia  on  the  dorsal  roots  of  the  spinal  nerves 
different  origin,  and  present  many  points  of  contrast  with  neurons  in  the  gray 
of  the  brain  and  cord.  As  already  indicated  in  the  chapter  on  Embryology 
the  ganglia  in  question  are  derived  from  the  neural  crest.  The  cells  formin 
ganglionic  masses  are  somewhat  oval  in  form,  and  from  either  extremity  oi 
process  grows  out,  and  the  neurons  in  this  manner  become  bipolar.  These  pi 
are  distinguished  as  central  and  peripheral,  according  to  the  direction  whi( 
take.  The  central  processes  grow  inwards,  and  penetrate  the  wall  of  the 
tube.  In  the  region  of  the  spinal  cord  they  form  almost  the  whole  of  th 
which  enter  into  the  composition  of  the  dorsal  roots  of  the  spinal  nerves, 
substance  of  the  cerebrospinal  axis  they  give  off  numerous  collaterals,  and 
course  of  varying  extent  they  end,  after  the  manner  of  an  axon,  in  U 
arborisations,  which  enter  into  relationships  of  contact  with  certain  nerve- 
the  cerebrospinal  axis.  The  peripheral  processes  grow  outwards  along  the 
the  particular  nerve  with  which  they  are  associated,  and  they  finally  e$ 
peripheral  contact  relations.  Thus,  to  take  one  example :  the  majority  of  th 
which  go  to  the  skin  break  up  into  fine  terminal  filaments,  which  end 
between  the  epithelial  cells  of  the  epidermis.  The  two  processes  of  a  gangli 
therefore,  form  the  afferent  fibres  of  the  cerebrospinal  nerves,  and  constit 
path  along  which  the  influence  of  peripheral  impressions  is  conducted  towa 
brain  and  cord.  The  body  of  the  cell  is  as  it  were  interposed  in  the  path 
impulses. 

But  the  original  biix)lar  character  of  these  cells,  with  very  few  exc 
(ganglia  in  connexion  with  the  auditor}-  nerve  and  the  bipolar  nerve-cells 
olfactory  mucous  membrane),  gradually  undergoes  a  change  which  ultimate 
to  their  transformation  into  unipolar  cells.  This  is  brought  about  by  the  t< 
which  the  cell-body  has  to  grow  to  one  side,  viz.  the  side  towards  the  surface 
ganglion  (v.  Lenhossek).  This  unilateral  growth  leads  to  a  gradual  appi 
tion  of  the  attached  ends  of  the  processes,  and  finally  to  a  condition  in  whi( 
appear  to  arise  from  the  extremity  of  a  short  common  stalk  in  a  T-shaped  : 


CEREBROSPINAL  NERVOUS  SYSTEM. 


449 


^^^^L 


Fig.  359. — Diagram  of  the  Connexion  estab- 
lished BY  A  Ganglionic  and  a  Motor 
Neuron  (Ramon  y  Cajal). 

A.  Fibre  cuining  down  from  a  pyramidal  cell  in  the 

motor  area  of  the  cerebral  cortex. 

B.  Motor  cell  in  gray  matter  uf  Rpinal  coni. 

C.  MuBcle-flbreii. 

D.  Collateral  branch  from  the  pyramidal  flbre. 


;.  360).      It  is  interesting  to  note  that    in  certain  fish  the  original   bipolar 
iition  of  these  cells  is  retained  throughout 
without  change. 

Both  the  central  and  peripheral  processes 
these  ganglionic  cells  become  the  axis- 
nders  of  nerve-fibres,  which,  acquiring  a 
iullarj  sheath,  belong  therefore  to  the 
iullated  variety.  From  this  it  might  very 
urally  be  thought  that  the  ganglionic 
jron,  with  its  two  axons  and  no  typical 
idrites,  is  a  nervous  unit  very  different 
m  a  neuron  in  the  gray  matter  of  the 
ebrospinal  axis.  It  is  believed  by  some, 
rever  (van  Grehuchten  and  Cajal),  that  the 
ipheral  process,  in  spite  of  its  enclosure 
hin  a  medullary  sheath,  and  though  pra- 
ting all  the  characters  of  a  true  axon,  is  in 
lity  a  dendrite.  If  this  be  the  case,  the 
rphological  difference  between  a  dendrite 
I  an  axon  disappears,  and  van  Grehuchten's 
ctional  distinction  alone  remains  character- 
c,  viz.  that  the  axon  is  cellulifugal  and 
duct«  impulses  away  from  the  cell,  whilst 
dendrites  are  cellulipetal  and  conduct  im- 
9es  towards  the  cell. 

[n  the  foregoing  brief  account  of  the  elements  which 

,d  up  the  nervous  system,  the  neuron  doctrine,  as  it 

been  enunciated  by  Waldeyer,  has  been  followed. 

f  obaen'ations  of  Ramon  y  Cajal  and   His  form   ,,.  ^,...^^.„,  „.„„^..  „„.„  „„^ 

foundation  upon  which  this  doctrine  mainly  rests,   e.*  Ceii7iVThr  m«iVua"obiongau  axon 

lOUgh  it  should  not  be  forgotten  that  many  other   ^  cJK'the^s  ^inar^n^^in"^'^"" 

tomists,  amongst  whom    may  be    mentioned   v.    a.  PeripheraiySSJs^gangHonic  cell  ending  in  skin. 

liker,  van  Gehuchten,  and  v.  Lenhossek,  have  by   i.  Collateral  branches  of  central  process  of  gan- 

ir  investigation^<  greatly  strengthened  the  coiicep-    j^  ^,  ijlfnaf  nerve 

L    Two  primary  considerations  may  be  considered 

to  constitute  its  leading  supjKjrt :  (1)  the  absolute 
indej)endeiice  of  the  earlv  nerve-cell  or  neuroblast 
and  its  processes,  as  was  first  clearly  shown  by  His  ; 
(2)  the  fact  that  when  nerve  tissue  is  treated  by  the 
Golgi  method  or  by  the  vital  methylene  blue  method 
no  continuity  of  any  kind  can  1^  observed  l)etween 
neigh lx)uring  cells,  although  the  procext^es  of  the  cells 
can  apparently  be  traced  to  their  ultimate  divisions. 
Further,  it  should  be  noted  that  the  neuron  doctrine 
receiver  strong  sup])ort  fn)m  ]>athologi(!al  observa- 
tions, and  that  bett)re  it  assumed  crmcrete  form  idt'as 
of  a  somewhat  similar  kind  were  present  in  the 
minds  of  pathologists. 

Still  the  neuron  theory  is  not  accepted  by  seveial 
leading  Ilistologist^.  Apathy,  Nissl,  and  ik*the  at 
the  present  moment  form  a  powerful  combination 
against  it.  It  is  therefore  ne<es>ary  to  indicate  the 
views  entertaine<l  by  these  observei-s. 

More  than  thirty  years  ago  Max  Schultze  called 
attention  to  the  fact'  that  the  axis -cylinder  of  a 
nerve-fibre  is  composed  of  exceedingly  fine  fibrils  ^ 
which,  when  traced  to  the  cell  from  which  the 
fibre  takes  origin,  are  there  seen  to  enter  the  cell- 
Ixxly  and  spread  out  within  it.  By  more  deli(;ate 
metho<ls  of  research,  Ajmthy  and  Bethe  have  been 
able  to  place  this  early  observation  of  Schultze 
beyond  the  realm  of  doubt.  Apathy,  who  worked 
chieiiv  at  the  invertebrate  nervous  system,  not  only 
traced  tin'  nenro-fibrilbe  through  the  cell-lxnly  but 

'  It  raay  be  mentioned  that  Keniak,  the  disooverer  of  the  axis-cyliinler  in  l.*<38,  stated  that  it  was  finely 
vAtd  in  the  longitudinal  direction. 

33 


J.  360.— Three  Staoes  in  the  Dkvelopment 
OF  A  Cell  from  a  Spinal  Ganc.mon. 


450 


THE  NERVOUS  SYSTEM. 


into  all  ltd  pi'ocesses,  and  he  believes  that  he  has  been  able  to  follow  them  beyond  theK  i 
delicate  fibrillar  interlacement  whi(;h  constitutes  a  bond  of  union  between  all  the  nerre-ceDstf  4 
nervous  system.    Bethe's  observations  have  been  carried  out  in  vertebrates.    Two  illustnitioDi  I 
his  book  are  ivprcxhiced  in  Fig.  361.     The  cell  represented  in  A  is  from  the  grav  matter  of  j 
anterior  horn  of  the  human  spinal  cord,  and  the  relati(m  present«l  by  the  neuro-fibrils  witlual 
cell  and  to  its  various  pi-ocesses  are  verr  clearly  depicted     The  axon  apjiears  to  receive  at 
tribution  of  neui-o-fibrilliB  from  all  the  dendritic  processes ;  this,  according  to  Bethe,  is  cb 
istic  of  the  great  majority  of  nerve-cells.     In  the  cells  indicated  by  the  letter  B,  which  are  I 
the  cerebral  cortex  of  man,  it  will  be  noticed  that  the  axons  as  thev  leave  the  cell  beeo 
ceeilingly  tine  and  delicate,  and  the  neuro-tibrillse  w^hich  compose  tnem  are  so  closely 
together  that  all  trace  of  their  individual  existence  disappears.     When  the  medullary' 
is  assumed  by  the  fibre  the  neuro-fibrillas  of  the  axis-cylinder  again  lx?come  apparent. 


Axon 


/ 


M/ 
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Fig.  :3G1.— Nkrvs  Cells  as  depictrd  by  Bethe. 

A,  A  ic'II  from  the  anterior  horn  of  gray  matter  of  the  si>iual  conl  of  man. 
i^,  Two  cells  from  tlie  human  cerebral  cortex. 

In  vertebrates  Bethe  has  not   Ihien   able  to  trace  the   neuro-fibrils  into  an  all-pervadiflg    i 
fibrillar  network  such  as  Apathy  has  desctribed  as  binding  the  various  nerve  elements  together i» 
the  invertebrates,  but  he  has  followe<l  them  into  the  finest  of  the  dendritic  branchings,  andl« 
assumes  that  the  eonmxting  network  exists  in  the  higher  as  well  as  in  the  lower  members  of  the 
animal  kingtlom. 

This  ("onception  of  the  structure  of  the  axon  rendei-s  tlu^  giving  off  by  the  ner>*e-fibpe  of 
collateral  branches  aud  also  its  terminal  splitting  or  arborisation,  matters  which  can  be  the  mow 
easily  undt'i'stood. 

On  tli(?  strength  of  the  observations  detailed  above,  Apathy,  Bethe,  ami  Nissl,  all  of  whom  ate 
authoriti<'S  who  deserve  the  highest  degree  of  attention,  have  assailed  the  neunm  theory. 
Apj'ithy  has  advanced  the  hvj>othesis  that  the  all -pervaf ling  iil>rillar  interlacement,  which  stream* 
continutnisly  throughout  the  whole  nervous  system  and  is  found  not  only  in  the  cell  and  it* 
pn)crsses  but  also  in  the  form  of  a  connecting  network  outside  the  evils,  is  the  essential  uart 
of  the  nervous  system  and  not  the  so-called  independent  neurons  of  the  neuron  theory.  It  i« 
also  contended  that  axons  or  axis-cylindei-s  may  anse  in  two  ways  :  (1)  directly  from  the  nerve- 
cells  ;  (2)  indirectly  from  the  neuro-fibrillar  network  between  the  nerve-cells. 

In  a  striking  address  recently  delivered  by  Professor  Waldeyer  to  the  Royal  Society  of  Edin- 
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^  the  essential  points  of  the  neuron  doctrine  were  vigorously  maintained  and  several  new 
paiationB  by  Ram6n  y  Cajal  and  Beilschowsky  were  demonstrated.  In  the  latter  the  neuro- 
ilLe  were  seen  to  enter  the  cell-body,  spread  out  and  break  up  into  a  plexus  within  it,  but 
e  ooald  be  detected  pursuing  an  uninterrupted  course  right  through  the  cell  and  then  passing 
from  it 

As  Ediofler  remarks,  investigation  in  the  immediate  future  will  be  largely  concerned  in  the 
onpt  to  further  elucidate  the  following  questions :  (1)  Are  the  connexions  between  neurons 
rely  thoee  of  contact  ?  (2)  Do  the  fibres  wliich  proceed  from  one  cell  fuse  with  the  constituent 
ts  of  another  neuron  ?  (3)  Do  the  neuro-fibrillae  form  an  inter-connecting  network  between 
t  iMFve-cells,  and  do  axons  or  axis-cylinders  arise  from  such  a  network  ?  It  is  questionable 
n  if  the  last  two  of  these  queries  are  answered  more  or  less  in  the  affirmative  whether  it  will 
neoessary  to  abandon  the  essential  points  in  the  neuron  theory. 

Since  tue  foregoing  has  been  printed  an  instructive  monograph  on  the  subject  has  been 
tilished  bv  Professor  Gustaf  Retzius  ("  Punktsubstanz  *  Nervoses  Grau '  und  Neurouenlehre," 
4n^iche  (/ntersuchungen^  Neue  Folge,  xii.). 

Neuroglia. — The  neuroglia  is  the  supporting  tissue  of  the  cerebrospinal  axis. 

may  be  considered  to  include  two  different  forms  of  tissue,  viz.  the  lining 
^ndymal  cells  and  the  neuroglia  proper.  We  place  these  under  the  one  heading, 
ting  that  in  all  probability  they  both  have  a  common  developmental  origin. 

The  ependymal  cells  are  the  columnar  epithelial  cells  which  line  the  central 
aal  of  the  spinal  cord  and  the  ventricles  of  the  brain.  In  the  embryonic  condi- 
u  a  process  from  the  deep  extremity  of  each  cell  traverses  the  entire  thickness 
the  neural  wall  and  reaches  the  surface.  It  is  not  known  whether  this  process 
Lsts  in  the  adult. 

The  neuroglia  proper  is  present  in  both  the  white  and  the  gray  matter  of  the 
rebro-spinal  axis.  It  constitutes  an  all- 
r\ading  basis  substance,  in  which  the 
rious  nerve  elements  are  embedded  in 
ch  a  way  that  they  are  all  bound  together 
to  a  consistent  mass  and  are  yet  all  sever- 
ly  isolated  from  each  other.  Neuroglia 
nsists  of  cells  and  fine  filaments.  The 
jiib  are  present  in  enormous  numbers, 
id  by  their  interlacements  they  constitute 
hat  appears  to  be  a  fine  feltwork.  At  the 
)ints  where  the  fibrils  intercross  may  be 
eD  the  flattened  glial  cells.  Whilst  the 
juroglia  is  for  the  most  part  intimately 
it^niiixed  with  the  nerve  elements,  there 
■e  in  l»oth  brain  and  cord  certain  localities 
here  it  is  spread  out  in  more  or  less  pure 
vers.  Thus  upon  the  surface  of  the  brain 
id  of  the  spinal  cord  there  is  such  a  layer ; 
vewiso  lH3ne{ith  the  epithelial  lining  of  the 
ntml  canal  and  of  the  cavities  of  the  brain 
ere  is  a  thin  stratum  of  neuroglia. 

Tlie  ependymal  cells  are  derived  from 
e  original   neuro- epithelial   cells   of   the 
riy  neural    tube,  and   in    all    probability 
e  neuroglia  proper  has  a  similar  origin.     They  both,  therefore,  are  products  of  the 
todenn. 

Summary. — 1.  The  cerebrospinal  nervous  system  is  composed  of  two  parts,  viz. 
)  a  medollaiy  part,  consisting  of  the  brain  and  spinal  cord,  with  the  efferent  norve- 
ires  which  i)as8  out  from  them ;  (h)  the  ganglionic  part,  with  the  afferent  nerve-fibres. 

2.  Each  of  these  parts  has  a  different  origin  and  is  composed  of  neurons  which 
"SJ^ss  characteristic  features. 

3.  The  ganglionic  neurons  are  derived  from  the  primitive  cells  of  the  neural 
est,  and  have  each  one  process  which  divides  into  two.  Of  these  the  central 
vision  enters  the  cerebrospinal  axis  and  prol)al>ly  Represents  the  axon,  whilst  the 
jripheral  division,  which  becomes  connected  with  a  peripheral  part,  may  pro- 
isionally  be  regarded  as  a  dendrite.     The  central  fibres  from  the  ganglionic  cells 


Fi(i 


.  362.  —  Section  throucjh  the  Ckntual 
Canal  ok  the  Spinal  Coud  of  a  Human 
Embkyo,  8Ho\vin<}  Ependymal  and  Neuk- 
0(iLiAL  Cells  (after  v.  Lenhossek). 

A,  KiHfiMlyinal  cpU.  U,  N>uiX);^lial  c«'ll. 


452 


THE  NERVOUS  SYSTEM. 


in  the  region  of  the  cord  form  the  dorsal  or  posterior  roots  of  the  spinal  ne 
These  roots  have  thus  an  origin  outside  the  cord,  and  grow  into  its  substance  | 
the  process  of  development  in  the  same  manner  that  the  roots  of  a  plant 
into  the  soil. 

4.  The  cerebrospinal  neurons  are  derived  from  the  germinal  cells  in  the  i 
of  the  early  neural  tube.     Certain  of  these  furnish  efferent  nerve-fibres, 
issue  from  the  cord  in  separate  bundles  termed  the  anterior  or  ventral  roots  of  I 
spinal  nerves.     In  the  case  of  the  cranial  nerves,  however,  with  the  exception  i 
the  trigeminal  and  facial  nerves,  the  efferent  fibres  are  not  thus  separated  from  \ 
afferent  fibres  at  their  attachment  to  the  brain. 

5.  The  brain  and  cord  when  studied  by  the  naked  eye  are  seen  to  be  comp 
of  white  matter  and  gray  matter.     The  white  matter  forms  very  nearly  two-thin 
of  the   entire   cerebrospinal   axis.      It   is   composed   of   medullated   nerve-fih 
embedded  in  neuroglial  tissue.     The  gi*ay  matter  is  comi)osed  of  nerve-cells  ^ 
their  dendrites  and  axons.     Some  of  the  axons  are  in  the  form  of  naked 
cylinders,  whilst  others  have  a  coating  of  medulla.     Intimately  intermixed 
these  ])arts  is  the  neuroglia,  which  isolates  tliem  more  or  less  completely 
each  other. 

SPINAL  CORD. 


CenBbfflliau 
tVjurtli  veutricle 


Tlie  spinal  cord  is  that  part  of  the  cerebrospinal  axis  which  occupies  the  up 
two-thirds  of  the  spinal  canal  of  the  vertebral  column.     It  is  an  elongated  cyB 
(h'ical  structure,  slightly  flattened  in  front  and  behind,  which  extends  from 
margin  of  the  foramen  magnum  to  the  level  of  the  lower  border  of  the  body  of  1 

first  lumbar  vertebra  or  to  the   upper  border 
the  body  of  the   second   lumbar   vertebra.     Ill 
average  length  in  the  male  is  45  cm.  and  in 
female  43  cm. 

A  considerable  amount  of  variation  within  oertml 
limits  (viz.  the  mid-point  of  the  body  of  the  last  donril 
vertebra  and  the  upper  border  of  the  body  of  tte 
third  lumbar  vertebra)  is  observed  in  different  in- 
dividuals as  to  the  precise  level  at  which  the  spiml 
cord  ends  inferiorly,  and  in  the  female  there  would 
appear  to  be  a  tendency  for  the  cord  to  reach  a 
slightly  lower  point  in  the  canal  than  in  the  male. 
Further,  the  relation  presented  by  the  spinal  cord  to 
the  vertebral  colunui  differs  in  a  marked  degree  in  the 
foetus  and  infant  at  different  periods  of  development 
I'P  to  the  third  month  of  intrauterine  life  the  coid 
occupies  the  entire  length  of  the  spinal  canal ;  it  ex- 
tends downwanis  to  the  lowest  limit  of  the  canal.  Bat 
from  this  time  on,  as  growth  proceeds,  the  vertebral 
column  lengthens  at  a  more  rapid  rate  than  the  coid. 
The  spinal  cord,  therefore,  has  the  appearance  d 
shrinking  in  an  upward  direction  within  its  canal,  and 
at  biith  its  lower  end  is  usually  found  to  be  opposite 
the  body  of  the  third  lumbar  vertebra. 

The  attitude  iissumed  by  the  individual  affects  to 

a  small  degree  the  position  of  the  lower  end  of  th? 

cord.     Thus,  when  the  trunk  is  bent  well  forwaida, 

it  is  noticed  that  the  temn'nal  part  of  the  cord  liaei 

BitAiN    AND    Spinal    Cord    exposed  slightly  within  its  lx)ny  canal. 

FROM    BEHIND.  ..in 

At  the  margin  of  the  foramen  magnum  the 
spinal  cord  Ijecomes  continuous  with  the  medulla  oblongata  of  the  brain,  whilst 
l)elow,  it  tapers  rapidly  to  a  \xnnt  and  forms  a  conical  extremity  termed  the  conns 
medullaris.  From  the"  end  of  the  conus  medullaris  a  slender  glistening  thread  is 
l>rolon^'ed  downwards  within  the  spinal  canal,  and  finally  anchors  the  spinal  cord 
to  the  l^ack  of  the  coccyx.      This  prolongation  receives  the  name  of  the  fllnm 


Vui.  :3t>3. — Human  Fdirrs  in  the  Third 
Month   ok  Development,  with  the 
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le.     The  diameter  of  the  cord  is  very  much  shorter  than  that  of  the  spinal 

nthin  which  it  lies.     A  wide  interval 
between  its  surface  and  the  walls  of 

al,  and  this  excess  of  space  is  clearly  a 

5n   for  allowing  free  movement  of  the 

-al  column  vdthout  producing  any  jar- 

>ntact  between  the  delicate  spinal  cord 

3  surrounding  bones. 

•ee  protective  membranes  are  wrapped 
the  cord.     From  within  outwards  these 

med  (1)  the  pia  mater,  (2)  the  arachnoid 

and  (3)  the  dura  mater.     The  pia  mater 

brous  membrane  which  forms  the  im- 

B  investment.     It  is  closely  applied  to 

•d,  and  from  its  deep  surface  numerouH 

pta  penetrate  into  the  substance  of  the 

The  arachnoid  mater  is  an  exceedingly 

i  transparent  membrane  which  is  loosely 

d   around   the  cord   so  as   to  leave   a 

arable  interval,  termed  the  subarachnoid 

)etween  itself  and  the  pia  mater,  in  which 

8  always  a  varying  amount  of  cerebro- 

fluid.     Outside  the  arachnoid  mater,  the 

ater  forms  a  wide,  dense,  fibrous,  tubular 
which  extends  downwards  within  the 

canal  for  a  considerable  distance  beyond 

lical  extremity  of  the  cord.     The  spinal 

I  suspended  within  its  sheath  or  (heca  of 

later  by  two  lateral  wing-like  ligaments, 

i  the  lifl^enta  denticulata.    These  extend 

*ds  from  the  sides  of  the  cord  and  are 

ed  by  a  series  of  pointed   or  tooth-like   processes  to  the   inner  surface  of 

the  theca  of  dura  mater.  Between  the  wall 
of  the  spinal  canal  and  the  dura  mater 
there  is  a  narrow  interval,  which  is  filled  up 
by  soft  areolo- fatty  tissue  and  numerous 
thin-walled  veins  arranged  in  a  plexiform 
manner. 

Thirty-one  pairs  of  spinal  nerves  arise 


Fiti.  364.— The  C'oncs  Medullaris  and  thb 
FiLUM  Terminale  exposed  within  the 
Spinal  Canal. 


Ant"*rJor  nerve-nx)l 
'^jMt*'!  ior  nervH-rcjt 


>;Majii  ganglion 

Antnrior  primary 
Ihi^^iou  of  iH'rvo 
l^0fttt>nor  jiriiiijiry 

flfvj^toii  of  n»Tv«- 


5. — The    Root*   of    Okiuin    of    the 
EJfTH  Dorsal   Nerve   (semi-dingrain 
ic). 


JI^TitU  rjf  first 

luiuUit  nerve 


Fic;.  360.— Section  thhouou  the  Convs  Medullaris  and 
THE  Cauda  K(iUiNA  as  thky  lie  in  the  Spinal  Canal. 


he  sides  of  the  spinal  cord.     These  are  classified  into  eight  cervical,  twelve 
33  fl 
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dorsal,  five  lumbar,  five  sacral,  and  one  coccygeal;  and  acconling  to  the 
ments  of  these  groups  of  nerves  the  spinal  cord  is  arbitrarily  subdivided 
cervical,  dorsal,  lumbar,  and  sacral  regions.  In  employing  these  terms,  the 
for  different  districts  of  the  cord,  it  must  be  understood  that  the  regions  aiei 
mined  by  the  nerve  attachments,  and  not  by  any  direct  relationship  lietween  I 
parts  of  the  cord  and  the  sections  of  the  vertebral  column  which  bear  the  i 
names. 

Each  spinal  nerve  is  attached  to  the  cord  by  a  ventral  and  a  dorsal  root,  andi 
these  are  traced  to  their  central  attachments  they  are  seen  to  break  up  into] 
number  of  separate  nerve  fascicles  or  bundles,  which  spread  out,  in  some  cases  i 
widely  from  each  oth^r,  as  they  approach  the  side  of  the  eord  (Fig.  365). 
pair  of  nerves  is  therefore  attached  to  a  portion  of  spinal  cord  of  some  length,  i 
such  a  portion,  with  its  pair  of  nerves,  receives  the  name  of  a  "segment  of  1 
spinal  cord."     It  must  be  clearly  understood,  however,  that,  in  so  far  as  the  su 
of  the  cord  is  concerned,  there  is  absolutely  no  means  of  marking  off  one 
from  another,  except  by  the  nerve  attachments. 

In  the  cervical  and  lumbar  regions  of  the  cord   the  nerve-roota  are  somewhat 
together,  po  tliat  little  or  no  interval  is  left  between  the  adjoining  root  fascicles  of  neighb 
nerves.     In  the  dorsal  region,  however,  distinct  intervals  may  be  observed,  and  the  root  h 
are  more  loasely  arrangecL     From  this,  it  will  be  evident  that  the  cord  segments  in  different] 
of  the  cord  are  not  of  equal  length.     In  the  cervical  I'egion  the  segments  measure  about  IS  i 
in  length,  in  the  dorsal  region  from  20  to  24  mm.,  and  in  the  lumbar  region  about  10  nun. 
number  of  fascicles  which  attach  the  diflVrent  nerve -roots  to  the  cord  is  very  different  i 
different  nerves,  and  is  not  necessarily  the  same  in  the  same  nerve-root  in  different  individnik  | 

Owing  to  the  great  difierencc  which  exists  between  the  length  of  the  i 
cord  and  the  length  of  the  vertebral  colunm,  the  farther  we  pass  down  the  i 
the  distance  becomes  between  the  attachment  of  the  various  nerve-roots  to 
cord  and  the  invertebral  foramina  through  which  the  corresponding  nerves  1 
the  spinal  canal.     The  lower  nerve-roots,  therefore,  have  to  traverse  the  spinal  caodl 
for  a  considerable  distance  before  they  reach  their  apertures  of  emergenca     It  thai| 
hapi>en8  that  the  nerve-roots  which  spring  from  the  lumbar  and  sacral  r^onsc 
the  cord  attain  a  very  great  length  and  descend  vertically  in  the  lower  part  { 
the  sj)inal  canal  in  a  l)unch  or  leash,  in  the  midst  of  which  lie  the  conus  meduDin] 
and  the  filum  teruiinale.     This  great  l>undle  of  nerve-roots  receives  the  appropriite  | 
name  of  the  cauda  equina. 

Enlargements  of  the  Cord. — Throughout  the  greater  part  of  the  dorsal  region, ! 
the  8i)inal  cord  presents  a  uniform  girth  and  a  very  nearly  circular  outline  wha 
seen  in  transverse  section.  In  the  cervical  and  lumbar  regions,  however,  it  show 
marked  swellings.  The  cervical  enlargement  (intumescentia  cervicalis)  is  the  more 
eviilent  of  the  two.  It  bv>gins  very  gradually  at  the  upper  end  of  the  cord»  attains 
its  greatest  ])readth  (12  to  14  mm.)  op\)Osite  the  fifth  or  sixth  cervical  vertebn, 
and  finally  subsides  opposite  the  second  dorsal  vertebra.  To  this  portion  of  the 
cord  are  attached  the  great  nerves  which  supply  the  upper  limbs.  The  Innilir 
enlargement  (intumescentia  lumbalis)  begins  at  the  level  of  the  tenth  dorsal 
vertebra,  and  acquires  its  maximum  transverse  diameter  (11  to  13  mm.)  opposite  \ 
the  last  dor«il  vertebra.  Below,  it  rapidly  tai>ers  away  into  the  conus  mediulaiis. 
To  the  lumbar  enlargement  are  attached  the  great  nerves  of  the  lower  limba 

'I'liese  enlargements  of  the  cord  are  ass<vciated  with  the  outgrowth  of  the  limbs.  In 
the  earlier  developmcntjxl  stages  of  the  spinal  cord  they  are  not  present,  and  they  only 
take  form  as  the  limbs  become  (leveloj)e(l.  In  the  lower  mammalia  their  size  correspondd 
witii  the  degree  of  devolopuicnt  of  the  limbs.  Thus,  in  the  long-armed  orang  and  gibboiip 
the  cervical  swelling  stands  out  with  a  remarkable  degree  of  prominence.  It  'i^  however, 
interesting:  to  note  that  although  in  the  eetacea  there  are  no  visible  hind-limbs,  there  is 
nevortiieless  a  well-marked  lumbar  enlargement  of  the  cord. 

Fissures  and  Furrows  of  the  Cord. — When  cross-sections  of  the  spinal  cord 
are  niad(j,  it  is  seen  to  l)e  a  bikteral  structure  which  is  ]mrtially  subdivided  into  a 
right  and  left  half  by  two  median  clefts — one  upon  the  anterior  and  the  other  upon 
the  posterior  aspect.  These  clefts  are  termed  the  antero-malian  and  the  postero- 
median fissures,  and  they  extend  along  the  entire  length  of  the  cord.     At  the  same 
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nust  be  noted  that  these  two  median  clefts  present  many  points  of  dififer- 

'he  aatero-median  fissnre  (fissura  mediana  anterior)  is  for  the  greater  part  of 

ch  muqh  shallower  than  the  postero-median  fissure. 

«rvical  and  dorsal  regions  it  only  penetrates  for  a 

corresponding  to  somewhat  less  than  a  third  of  the 

osterior  diameter  of  the  cord.     Further,  the  antero- 

cleft  is  much  the  wider  and  more  apparent  of  the 

the  pia  mater  dips  down  into  it  and  forms  a  fold 
plication  within  it.  The  postero-median  fissure 
mediana  posterior)  in  the  cervical  and  dorsal  regions 
es  into  the  cord  until  it  reaches  a  point  somewhat 
its  centre.     It  is  extremely  narrow,  and  contains 

septum  which  is  derived  from  ependymal  and 
al  elements,  and  is  intimately  connected  with  the 
sides  of  the  two  halves  of  the  cord,  between  which 
•enes.  The  pia  mater,  which  invests  the  surface  of 
,  passes  continuously  over  the  postero-median  fissure 
is  no  prolongation  of  any  kind  into  it.  In  the 
region  of  the  cord  the  postero-median  fissure  becomes 
r,  whilst  the  antero- median  fissure  deepens,  and 
ly  in  the  lower  part  of  the  cord  the  two  fissures 
a  very  nearly  equal  depth. 

two  halves  of  the  cord,  which  are  marked  oflF  from 
er  by  the  median  fissures,  may  show  trifling  differ- 
the  arrangement  of  the  parts  which  compose  them ; 
11  intents  and  purposes  they  are  symmetrical.  They 
?d  together  by  a  more  or  less  broad  band  or  com- 
which  intervenes  between  the  two  median  fissures, 
nspection  of  the  surface  of  each  lateral  half  of  the 
ngs  into  view  a  longitudinal  groove  or  furrow,  at 
tie  distance  from  the  postero-median  cleft,  which 
along  the  whole  length  of  the  cord.  Along  the 
)f  this  groove  the  fascicles  of  the  posterior  nerve- 
ter  the  cord  in  accurate  linear  order.  It  is  called 
Bro-lateral  sulcus  (sulcus  lateralis  posterior).  There 
•rresponding  furrow  on  the  forepart  of  each  lateral 
the  cord  in  connexion  with  the  emergence  of  the 
of  the  anterior  nerve-roots.  These  fascicles  emerge 
•ly  over  a  broad  strip  of  the  surface  of  the  cord, 
orresponds  in  its  width  to  the  thickness  .  of  the 
t  extremity  of  the  anterior  horn  of  ^ray  matter, 
postero-lateral  (groove  subdivides  each  lateral  half  of 

into  a  small  posterior  column  (funiculus  posterior) 
uch  larger  antero-lateral  column,  and  it  is  (customary 
rarily  map  off  the  latter  into  a  lateral  column 
LIS  lateralis)  and  an  anterior  column  (funiculus 
)  by  a  line  corresponding  to  the  emergence  of  the 
=?t  fascicles  of  the  anterior  nerve-roots, 
be  cervical  region  a  distinct  longitudinal  groove 
observed  on  the  surface  of  the  posterior  column.  It 
.  rather  nearer  to  the  posttTo- median  than  to  the 
ateral  furrow,  and  as  it  is  traced  down  into  the 
?gion  it  gradually  becomes  indistinct  and  finally 
rs.  This  is  called  the  posterior  paramedian  groove, 
narks  on  the  surface  the  position  of  a  septum  of 
?r  which  dips  int<j  the  cord  and  subdivides  the 
'  column  into  an  oute^r  part,  termed  the  funiculus 
or  the  column  of  Burdach,  and  an  inner  portion,  which  receives  the  name 
niculus  gracilis  or  the  column  of  GK>11. 
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Fio.  367.— Diagram  of  the 
Spinal  Cord  as  seen 
from  behind. 

CV'i  shows  the  level  of  the  1st 
rervirai  vertehm  ;  CVvo!  tho 
5th  cenical  VMrtcbra ;  DVii 
(»f  the  'Jnd  ilorsal  vertebra  ; 
DVx  of  the  10th  dorsal  verte- 
bra :  DVxii  of  the  12th  donsal 
vertebra  ;  LVii  of  the  '2nd 
lumbar  vortebrn. 
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Internal  Structure  of  the  Spinal  Cobd. 

The  spinal  cord  is  composed  of  a  central  core  of  gray  matter  thickly  coated  4 
the  outside  by  wliite  matter.  At  only  one  spot  does  the  gray  matter  come  cloie  ( 
the  surface,  viz.  at  the  bottom  of  the  postero-lateral  groove. 

Gray  Matter  of  the  Cord. — The  gray  matter  in  the  interior  of  the  cord  1 
the  form  of  a  fluttjd  column,  but  it  is  customary  to  describe  it  as  it  appean  i 
transverse  sections  through  the  cord.     It  then  presents  the  appearance  of 
capital  letter  H.     In  each  lateral  half  of  the  cord  there  is  a  semilunar  or  era 
mass,  shaped  somewhat  like  a  comma,  the  concavity  of  which  is  directed  outu 
and  the  convexity  inwards.     The  two  crescents  of  opposite  sides  are  conne 
across  the  middle  line  by  a  transverse  band,  which  receives  the  name  of  the  i 
commissure  (commissura  grLsea).     The   postero- median  fissure   cuts  through 
cord  until  it  reaches  the  gray  commissure.     The  bottom  of  the  antero-n 

fissure,  however,  is  sep 
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Aut4*rior  column 
Kkj.  368.  — Transvekse  Seition  THuoutiH  THE  Upper   Part  of  the 
Cervical  Hbcion  of  the  Cord  of  an  Okanu.     (From  a  specimen 
prepared  )»y  tlie  Weigert-l*al  metho<l,  by  which  the  \vliit«  matter 
is  reiulered  dark  wliilst  the  gray  matter  is  bleached. ) 


from  it  by  an  intervei 
strip  of  white  matter,  wl 
is  termed  tlie  anteruMr 
commissure  (commissuiai 
terior  alba).  In  the 
commissure  may  be 
the  central  caiuJ  of  tl 
cord  (canalis  centralis]^! 
which  tunnels  the  eul 
length  of  the  cord  and  ii 
just  visible  to  the  nakdi 
eye  as  a  minute  speck.  The 
portion  of  the  gray  am- 
misaure  which  lies  behind 
the  central  canal  is  caUed 
the  posterior  gray  commu- 
sure  (commissura  grisa 
posterior);  whilst  the  portion  in  front  receives  the  name  ot  the  anterior  grof 
commissure  (commissura  grisea  anterior). 

Each  crescentic  mass  of  gray  matter  presents  certain  well-defined  parts.  The 
projecting  portions  which  extend  behind  and  in  front  of  the  connecting  transvem 
gray  commissure  are  termed  respectively  the  posterior  and  the  anierior  comua  of 
gray  matter  (columntc  grisese).  These  stand  out  in  marked  contrast  to  each  other. 
The  anterior  comu  (c(»lumna  grisea  anterior)  is  short,  thick,  and  very  blunt  at  its 
extremity.  Further,  its  extremity  falls  considerably  short  of  the  surface  of  the 
cord  ancl  is  separated  from  it  by  a  tolerably  thick  coating  of  white  matten 
Through  this  the  fascicles  of  the  anterior  nerve-roots,  as  they  emerge  from  the 
gray  matter  of  the  anterior  horn,  pass  on  their  way  to  the  surface.  The  thickened 
end  of  the  anterior  comu  is  called  the  caput  comu,  whilst  the  part  close  to  the 
gray  commissure  is  termed  the  cervix  or  basis  coma.  Throughout  the  greater  part 
of  the  cord  the  posterior  comu  (columna  grisea  posterior)  is  elongated  and  narrow, 
and  is  drawn  out  to  a  fine  point,  which  almost  reaches  the  bottom  of  the  postero- 
lateral sulcus.  This  pointed  extremity  receives  the  name  of  the  apex  comn;  the 
slightly  swollen  part  which  succeeds  it  is  the  caput  comu;  whilst  the  slightly 
constricted  part  adjoining  the  gray  commissure  goes  under  the  name  of  the  cenrix 
or  basis  comu. 

The  apex  or  tip  of  the  posterior  cornu  differs  considerably  in  appearance  from 
the  general  mass  of  the  gray  matter.  It  is  composed  of  a  material  which  presents 
a  lighter  hue  and  has  a  somewhat  translucent  look.  It  is  called  the  substantia 
gelatinosa  Bolandi,  and,  when  seen  in  transverse  section,  it  exhibits  a  V-shaped  out- 
line and  fits  on  the  caput  cornu  like  a  cap. 

A  pointed  and  prominent  triangular  projection  juts  out  from  the  external 
aspect  of  gray  matter  nearly  opposite  the  gray  c<»mmissure.  This  is  the  lateral 
horn  (columna  grisea  lateralis),  and  it  is  best  marked  in  .the  upper  dorsal  region  (Fig. 


Traced  upwards  it  becx)me8  absorbed  in  the  greatly  expanded  anterior  horn 
ical  swelling,  but  it  reappears  again  in  the  upper  part  of  the  cord  and 
irly  noticeable  in  the  second  and  third  cervical  segments;  followed  in  a 

direction  it  blends  with  the  anterior  horn  in  the  lumbar  swelling  and 
^  to  ihe  thickening  of  that  corriu. 

ly  matter  is  for  the  most  part  mapped  off  from  the  surrounding  white  matter 
isiderable  degree  of  sharpness ;  but  in  the  cervical  region,  on  the  outer 
he  crescentiic  mass  and  in  the  angle  between  the  anterior  and  posterior 

bands  of  gray  matter  penetrate  the  white  matter,  and,  joining  with  each 
1  a  network  the  meshes  of  which  enclose  small  islands  of  white  matter. 
Litutes  what  is  called  the  formatio  or  processus  reticularis.  Although 
id  in  the  cervical  region,  traces  of  the  same  reticular  formation  may  be 
a  lower  segments  of  the  cord. 

cters  presented  by  the  Gray  Matter  in  Different  Regions  of  the  Cord. 
ly  matter  is  not  present  in  equal  quantity  nor  does  it  exhibit  the  same 
til  regions  of  the  cord.  Indeed,  each  cord  segment  presents  its  own 
aracters  in  both  of  these  respects.  It  is  not  necessary,  however,  in  the* 
istiince  to  enter  into  this  matter  with  any  degree  of  minute  detail.  It 
fficient  if  we  point  out  the  broad  distinctions  which  are  evident  in  the 
egions. 

Y  be  regarded  as  a  general  law  that,  wherever  there  is  an  increase  in  the 
le  nerves  attached  to  a  particular  part  of  the  cord,  a  corresponding 
n  the  amount  of  gray  matter  will  be  observed.  It  follows  from  this 
regions  where  the  gray  matter  bulks  most  largely  are  the  lumbar  and 
il  swellings.  The  gre^it  nerve-roots  which  go  to  form  the  nerves  of  the 
j-plexuses  enter  and  pass  out  from  those  portions  of  the  cord.  In  the 
ion  there  is  a  reduction  in  the  quantity  of  gray  matter  in  correspondence 
jmaller  size  of  the  dorsal  nerves. 

dorsal  region  (Fig.  369,  B)  both  horns  of  gray  matter  are  narrow,  although 
ction  between  the  anterior  horn  and  the  still  more  attenuated  posterior 
iifficiently  manifest.  In  this  region  the  lateral  horn  of  gray  matter  is 
haracteristic,  and  the  substantia  gelatinosa  Eolandi  in  transverse  section 

and  spear-shaped. 

3  upper  three  segiaents  of  the  cervical  region  the  anterior  horns  of  gray 
rge  and  re-^emble  the  con-esponding  horns  in  the  dorsal  region.  A  lateral 
30  present.  But  in  these  segments  (and  more  especially  in  the  first  and 
lere  is  a  marked  attenuation  of  the  neck  of  the  posterior  horn,  and  the 
zray  commissure  is  very  broad. 

•i  cervical  surlling  of  the  cord  the  contrast  between  the  two  cornua  is 
:ing ;  the  anterior  horn  is  of  great  size  and  presents  a  very  broad  surface 
he  anterior  aspect  of  the  cord,  whilst  the  posterior  horn  remains  narrow, 
t  increase  in  the  bulk  of  the  anterior  horn  is  due  to  a  marked  addition 
alter  on  the  outer  side  (jf  the  horn,  and  seeing  that  this  additicmal  matter 
j(l  by  a  greater  numi)er  of  fibres,  it  stands  out,  in  well-prepared  specimens, 
?ss  distinctly  from  the  part  of  the  horn  which  lies  to  the  inner  side,  and 
,y  be  consitlered  to  represent  the  entire  anterior  horn  in  the  dorsal  and 
vical  soj^nients.  Within  this  lateral  addition  to  th.e  anterior  horn  are 
)se  collections  of  cells  which  constitute  the  nuclei  of  origin  of  the  motor 

the  muscles  of  the  upper  limb.     The  characteristic  thickening  of  the 
lorn  ()f  gray  matter  is  evident,  therefore,  in  those  negnients  of  the  cord 
the  nerves  which  enter  the  brachial  j)lexus  are  attached,  viz.  the  lower 
tal  .segments  and  the  first  dorsal  sej^ment. 
I  lumbar  svrlling  the  anterior  horns  again  broaden  out,  and  for  the  same 


todmu  NMUm 


Ct^-Througli  tbt?  Ittmliwr  rvginn  ui  I  lie  1«vg1  of  Idt 
fourth  liimlmr  iwrve* 

1.    f*fli<iVrr»'-intnltl«li  h*JiUnn. 

.1,  s^tilKuntia  ei'lAtlTiriM  IftjJatui;!, 

Fm.  369.^Biurru*^  Tain>u<jii  KActt  ok  rti*  Foltb  EKotOM  of  thr  Chbd.     (From  »(iCLimwi»  fir 

th«   Welgrrl  PjJ    metli*:M],  lh**r<?fon*   tlir   white   nmlt*r  i*  r«ti4trff<l    ilnrk    hi  ti<jlcHtr   whilnt  Ih^j 
nrnftiir  is  blca<iht:»1., ) 

111  the  Inwer  jjiirt  ut  ihr  €onn.y  mnhitlaris  the  gmv  matt  or  in  tmch  Lik*l 
uf  the  (iorii  aaHiunea  tlio  I'urm  of  an  (tval  mass  joiDed  tc>  its  tellow  of  tho  <>pp 
aide  l»y  a  thick  gray  uommiBsure.     lleiv  almost  the  entire  hulk  uf  Iho  coitl  cod 
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Tay  matter,  seeing  that  the  white  matter  is  reduced  to  such  an  extent  that  it 
DS  only  a  thin  coating  on  the  outside. 

White  Hatter  of  ^e  Spinal  Cord. — In  transverse  sections  of  the  cord  the 
ee  columns  into  whicli  the  white  matter  is  subdivided  become  very  apparent. 
e  posterior  column  is  wedge-shaped,  and  lies  between  the  postero-median  lissure 
1  the  posterior  horn  of  gray  matter.  The  lateral  colninn  occupies  the  concavity 
the  gray  crescent.  Behind,  it  is  bounded  by  the  posterior  horn  of  gray  matter 
d  the  poetero-lateral  sulcus,  whilst  in  front  it  extends  as  far  as  the  outermost 
tdculi  of  the  anterior  nerve-roots  as  they  pass  out  from  the  anterior  gray  horn, 
le  autarior  eoliiiim  includes  the  wliite  matter  between  the  antero-median  fissure 
d  the  anterior  horn  of  gray  matter,  and  also  the  white  matter  which  separates  the 
Did  eztramity  of  tlie  anterior  gray  comu  from  the  surface  of  the  cord.  Tliis 
4er  portion  of  the  anterior  columa  is  traversed  by  the  emerging  fascicles  of  the 
tetior  nerve-roots. 

In  cross-sections  of  the  cord  the  partition  of  pia  mater,  which  dips  in  at  the 
eterior  paramedian  groove  and  divides  the  posterior  colunui  into  the  column  of 
)Il  and  the  column  of  Burdach,  »s  very  strongly  marked  in  the  cervical  regions, 
It  as  it  is  traced  downwards  into  the  dorsal  regi(m  it  becomes  shorter  and  fainter, 
d  linally  disappears  altogether  at  the  level  of  the  eighth  dorsal  nerve.  Below 
is  point  there  is  no  visible  demarcation  of  the  posterior  column  into  two  parts. 

The  white  matter  is  not  present  in  equal  quantity  throughout  the  entire  length 

the  cord.  It  increases  steadily  from  Ijelow  upwards,  and  this  increase  is  mast 
iticejible  in  the  lateral  and  posterior  columns.  In  the  lower  part  of  the  conus 
*Jiillaris  the  amount  of  gray  matter  is  actually  greater  than  that  of  the  white 
utter :  but  verj'  soon  this  state  of  atlairs  is  changed,  and  in  the  lumbar  region  the 
o|>ortion  of  gray  to  white  matter  is  approximately  as  1:21;  in  the  dorsal  region 
1:5:  and  in  the  cervical  region  as  1 :  51.  When  it  is  iememl)ered  how  the  gray 
itter  expands  in  the  lumbar  and  cervical  regions,  and  how  greatly  it  becomes  reduced 
till-  dorsal  region,  the  significance  of  these  figures  will  become  more  apparent. 

Central  Canal  (canalis  centraUs). — As  previously  stated,  the  central  canal  is 
nid  in  the  gray  commissure.  It  is  a  very  minute  tunnel,  barely  visi})le  to  the 
ked  eye  when  seen  in  transverse  section,  and  it  traverses  the  entire  length  of  the 
ml.  AlK>ve,  it  passt^s  into  the  medulla  oblongata,  and  finally  opens  into  the  fourth 
utricle  of  the  brain ;  Ijelow,  it  is  continued  for  a  varialJe  distance  into  the  filum 
rininale,  and  in  this  it  ends  blindly.  Only  in  the  lumbar  region  does  the  central 
nal  occupy  the  centre  of  the  cord.  Above  this  level,  in  the  dorsal  and  cervical 
[pons,  it  lies  very  much  nearer  the  anterior  than  the  posterior  aspect  of  the  cord ; 
:iiL*4t  below  the  lum])ar  region,  as  it  is  traced  down  into  the  conus  meduUaris,  it 
dines  backwards  and  approa(;hes  the  posterior  aspect  of  the  cord.  The  calibre  of 
It' canal  likewise  varies  somewhat  in  different  parts  ol   the  cord.     It  is  narrowest 

the  dorsal  region  ;  and  in  the  lower  part  ot"  the  conus  medullaris  it  expands  into 
distinct  fusiform  dilatation  (very  nearly  1  mm.  in  transverse  diameter),  which  is 
Tilled  the  ventriculus  terminalis  (Krause). 

The  central  canal  is  lined  by  a  layer  of  ciliated  columnar  cells,  the  deep  taper- 
i;:ends  of  which  are  prolonged  into  slender  processes,  which  i)enetrate  into  the 
iljstance  of  the  cord.  These  cells  constitute  the  lining  ependymal  cells  of  the 
lual.  The  cilia  of  the  epithelial  cells  are  very  early  lost,  and  it  is  not  unc^oniniou 
'  find  the  canal  blocked  up  by  epithelial  debris. 

Thtj  central  canal  is  of  interest  because  it  represents  in  the  adult  the  relatively 
i'le  lumen  of  the  early  ectodermal  neural  tube  from  which  the  spinal  cord  is 
velopeil 

FUum  Terminale. — The  delicate  thread  to  which  this  name  is  a]>i)lieil  is  con- 
tiuoiis  with  the  lower  tapered  end  of  the  conus  medullaris.  It  is  easily  disiin- 
lislieil  by  its  silvery  and  glistening  appearance  from  the  numerous  long  nerve-roots 
auda  equina)  amidst  which  it  lies.  It  is  ahout  six  inches  haig,  and  down  to  the 
vel  of  the  second  sacral  vertebra  it  is  inclosed  with  the  surrounding  nerve-roots 
ithin  the  theca  of  dura  nuiter.  Piercin^^  the  tapered  and  v\nmd  end  of  the  theca 
'  this  point,  and  receiving  an  investment  from  it,  the  filum  terminale  proceeds 
)wuwards  in  the  sacral  canal,  and  finally  receives  attachment  to  the  periosteum  on 
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the  dorsal  aspect  of  the  coccyx  (Fig.  364,  p.  453).     It  is  customary  to  speak  of  | 
filum  as  consisting  of  two  parts,  viz.  the  tilum  terminale  internum  and  the 
terminale  externum,  or  the  part  inside  and  the  part  outside  the  theca  of  dam 
The  filum  terminale  externum  is  simply  a  fibrous  thread,  strengthened  ~ 
prolongation  it  receives  as  it  pierces  the  dura  mater.     The  ilium  tenninale  f 
is  largely  composed  of  pia  mater ;  but  in  its  upper  half  it  incloses  the  terminalj 
of  the  central  canal,  and  around  this  a  variable  amount  of  the  gray  substance  ( 
cord  is  prolonged  downwards  into  the  filum.     When  transverse  sections  are  i 
through  the  upper  part  of  the  filum  terminale  internum  some  bundles  of ; 
lated  nerve-fibres  are  observed  clinging  to  its  sides,  and  with  these  are  i 
some  nerve-cells  identical  with  those  in  the  spinal  ganglia.     These  represent'] 
mentary  or  aborted  caudal  nerves  (Rauber). 

Summary  of  the  Chief  Characters  presented  by  the  Cord  in  rre 

Different  Regions. 


Cervical  Region. 


I  n  transverse  section, 
outline  of  cord  trans- 
versely oval  ;  in  the 
middle  of  the  ce^^'ical 
swelling  the  transverse 
diameter  l>eing  nearly 
one 'third  longer  than 
the  antero  -  posterior 
diameter. 


Postero  -  median  cleft 

very  dee]!,  extending 
.beyon<l  the  centre  of 
cord;  antero-median 
cleft  shallow. 


Gray  matter  greatly  in- 
creased in  ((uantity  in 
tlie  cervical  swelling : 
anterior  horn  thick 
and  massive ;  posterior 
l»orn  slender  in  com- 
parison. Lateral  horn 
only  evident  alK)ve  the 
level  of  the  fourth  cer- 
vital  nerve.  Forniatio 
reticularis  strongly 
marked. 


White  matter  in  great 
quantity,  and  especi- 
ally massed  in  the 
lateral  and  posterior 
columns. 


Posterior  paramedian 
groove  and  septum 
well  marked. 


Central  canal  consider- 
ably nearer  the  anterior 
surface  than  the  pos- 
terior surface  of  the 
cord. 


Dorsal  Region. 

In  transverse  section, 
outline  of  cord  more 
nearly  circular ;  but 
still  the  transverse  di- 
ameter is  greater  than 
the  antero  -  posterior 
•liameter. 


Lumbar  Region. 


Sacral  ReglOB. 


Postero  -  median  cleft 
very  deep,  extending 
beyond  centre  of  cord : 
antero-median  cleft 

shallow. 


Gray  matter  greatly 
reduced  in  quantity. 
Both  horns  slencler. 
Lateral  honi  well 
marked.  Forniatio 
reticularis  .scarcely  aj)- 
parent. 


White  matter  less 
in  (juantity  than  in 
cervical  region,  but 
bulking  largely  in 
comparison  with  the 
quantity  of  gray 
matter. 


In    transverse    section,  |  In    transverse    sed 

outline  of  cord  more  .      ontline   of   eori 

nearly  circular  than  in         nearly    circular,    hd 

dorsal  region.  still    somewhat  eoO' 

pressed    ftiom    befoic 

backwards. 


Postero  -  median  cleft 

not  nearly  so  deep  as 
in  regions  above :  an- 
tero-median cleft,  on 
the  other  hand,  much 
det*per. 


Post«ro  -  median    aad 
antero-median  diAi 

of  equal  depth. 


Gray  matter  greatly  in-  j  Both     boms    of    gnqr 


creased  in  the  lumbar 
swelling.  Both  horns 
very  thick  and  mas.<<ive. 
Lateral  horn  aljsorlted 
in  anterior  horn.  For- 
niatio reticularis  ab- 
sent. 


White  matter  small  in 
quantity  in  relation  to 
higher  regions,  and 
very  small  in  amount 
in  relation  to  in- 
creased (juantity  of 
gray  matter. 


matter  very  thick  and 
massive.  Lateral  lion 
apparent.  No  fonh 
atio  reticularis. 


Posterior  paramedian 
g^ove  absent ;  but 
the  corresponding  sep- 
tum can  be  traced  as 
low  down  as  the  eighth 
dorsal  nerve. 


No  posterior  para- 
median   g^ove    or 

sei>tum. 


Central  canal  consider- 
ably nearer  the  anterior 
surface  than  the  pos- 
terior surface  of  tlie 
cord. 


Central  canal    in   the 
centre  of  the  cord. 


White     matter    very  > 

small  in  quantity  in  ' 
comparison  with  the  < 
gray  matter. 


No  posterior  para- 1 
mediangrooveandno  i 
corresponding  aeptam. 


Central   canal  iu  the 
centre  of  the  conl.       I 


irUJNJlLNT  fAKitt  UJb  brKAl  MAXlJlilC  UJ?  JSrUNAlj  UUliiJ.  401 
k)MPONSNT  PABTS  OF  THE   GkAY   MATTER   OF  THE   SpINAL   CORD. 

islia  enters  largely  into  the  constitution  of  the  gray  matter  of  the  cord. 
a  bed  within  which  the  nervous  elements  are  distributed.  These  nervous 
consiat  of  (1)  nerve-cells  and  (2)  nerve-fibres — both  meduUated  and  non- 
ed.  The  nerve-cells  lie  in  small  spaces  within  the  neuroglia,  whilst  the 
res  traverse  fine  passages  the  walls  of  which  are  formed  of  the  same  sub- 
The  neuroglia  is  thus  an  all-pervading  basis  substance,  which  isolates  more 
ompletely  the  nervous  elements  from  each  other,  and  at  the  same  time 
em  together  into  a  consistent  solid  mass.  In  two  situations  the  gray 
>resents  special  characteristics  which  have  earned  for  it  the  name  of 
a  gelatinosa,  viz.  the  gray  matter  which  constitutes  the  immediate  sur- 
;  of  the  central  canal,  and  which  is  called  the  substantia  gelatinosa 
;  and  that  which  forms  the  apical  part  of  the  posterior  horn  of  gray 
.nd  which  receives  the  name  of  substantia  gelatinosa  BolandL  In  both 
8  the  substantia  gelatinosa  stains  more  deeply  with  carmine  and  presents 
ranslucent  appearance ;  in  other  respects  the  substantia  centralis  and  the 
ia  Bolandi  are  very  different. 

tuhstantia  gelatinosa  centralis  forms  a  thick  ring  around  the  central  canal, 
traversed  by  the  fine  processes  which  proceed  from  the  deep  ends  of  the 
al  cells  which  line  the  canaL  It  is  almost  entirely  composed  of  neuroglia, 
ansverse  sections  of  the  cord  the  substantia  Holandi,  in  the  cervical  and 
^ions,  presents  the  appearance  of  a  V-shaped  mass,  embracing  the  extremity 
.put  of  the  posterior  horn  of  gray  matter ;  in  the  lumbar  region  this  cap 
a  semilunar  outline. 

le  substantia  gelatinosa  Rolandi  the  neuroglia  is  present  in  small  quantity, 
il  nerve-celk  are  developed  within  it  in  considerable  numbers. 
'e-Oells. — The  nerve-cells  are  scattered  plentifully  throughout  the  gray 
)ut  perhaps  not  in  such  great  numbers  as  might  be  expected  when  we  note 
[nous  number  of  nerve-fibres  with  which  they  stand  in  relation.  They  are 
)ut  exception,  multipolar,  and  send  off  from  their  various  aspects  several 
g  protoplasmic  processes  or  dendrites,  and  one  axon,  which  becomes  the 
nder  of  a  nerve- fibre.  In  size  they  vary  considerably,  and  it  is  generally 
[  that  the  bulk  of  a  nerve-cell  has  a  more  or  less  definite  relation  to  the 
f  the  axis-cylinder  which  proceeds  from  it.  ^ 

n  the  nerve-cells  are  studied  in  a  series  of  transverse  sections  of  the  cord, 
i  noticed  that  a  large  proportion  of  them  are  grouped  in  clusters  in  certain 
of  the  gray  matter ;  and  as  these  groups  are  seen  in  very  much  the  same 
in  successive  sections,  it  is  clear  that  these  cells  are  arranged  in  longitudinal  jl 

of  greater  or  less  length.  Thus  we  recognise  (1)  a  ventral  group  or  column 
in  the  anterior  horn  of  gray  matter;  (2)  an  in termedio- lateral  group  or 
in  the  lateral  horn  of  gray  matter,  where  this  exists ;  and  (3)  a  posterior 
column  of  cells  (Clarke's  colunui),  forming  a  most  conspicuous  group  in 
al  part  of  the  cervix  of  the  posterior  horn  in  the  dorsal  region  of  the 

r  cells  besides  those  forming  these  columns  are  scattered  somewhat  irregu- 
oughout  the  gray  mattt^  of  the  posterior  horn  and  the  part  of  the  gray 
which  hes  between  the  two  horns ;  and  although  these  also  in  some  measure 
classified  into  groups,  the  arrangement  thus  effected  is  not  of  so  definite  a 
r  as  to  justify  us  in  dwelling  upon  it  in  the  present  instance. 
Tal  Cell-Column  and  the  Origin  of  the  Fibres  of  the  Anterior  Nerve- 
-The  ventral  cell-group  occupies  the  anterior  horn  of  gray  matter,  and  in 
ind  the  largest  and  most  conspicuous  cells  in  the  spinal  cord.  It  extends 
end  of  the  cord  to  the  other.  These  ventral  nerve-cells  have  numerous 
ijading  dendritic  processes,  and  it  is  to  be  noticed  that  certain  of  these 
i  do  not  confine  their  ramifications  to  the  gray  matter.  Thus,  some  of  the 
ig  the  mesial  border  of  tlu;  anterior  horn  of  gray  matter  send  dendrites 
le  mesial  plane  in  the  anterior  commissure  to  end  in  the  anterior  gray 
the  opposite  side;  whilst  others,  lying  along  tlie  lateral  or  outer  margin  of 
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the  anterior  horn  of  gray  matt^jr,  send  dendrites  in  amongst  the  nerve-fihres  i 
adjoining  white  matter. 

The  axons  or  axis-cylinder  processes  of  a  large  proportion  of  the  ventnlt 
converge  together ;  and,  becoming  meduUated,  form  bundles  which  pass  oat  f 
the  gray  matter,  and  through  the  white  matter  which  separates  the  thick 
the  anterior  horn  from  the  surface  of  the  cord,  to  finally  emerge  as  the  fa 
the  anterior  nerve-roots.     These  cells,  then,  are  the  sources  from  which  the  i 


l*ostt'ro-Uit«'niI  furrow 

1. 


Porterior  hon»  of 
gray  matter 


P(wt^^it»-iiie«liaii  Uhsuh' 


Gniy  (•oniiiiiB.sui-ts 


PoHtero-ljiterHl  iKroui»  of 
motor  C(*11n 


Aiit^TO-iiKHiiaii 
furrow 


Antoro-mesial  group 
of  motor  cells 


Antoro-IaUral 
IJToup  of  iiioU.)r  rells 


Fio.  370.— Section  thkouuh  the  FihTH  Cervical  Segment  ok  the  Coud.     (To  a  lai^gt-  extent  fonii 

ou  Plates  in  Dr.  Bruce's  Atfas.) 

fibres  of  the  anterior  nerve-roots  proceed,  and  in  consequence  they^are  frequent! 
spoken  of  as  the  "  motor  cells  "  of  the  cord.  Whilst  this  is  the  arrangement  of  I" 
axons  of  the  great  majority  of  the  motor  cells,  it  should  be  noted  that  a  few  i 
the  niesiiil  plane  in  the  anterior  white  commissure  and  emerge  in  the  fascicles  i 
origin  of  the  opposite  anterior  nerve-root. 

The  ventral  cells  are  not  scattered  unifomily  throughout  the  anterior  honi  of  gny  I 
matter.  They  are  aggregated  more  closely  together  in  certain  parts  of  the  anterior  hon,  [ 
and  thus  form  sul>-groups  or  columns  more  or  less  perfectly  marked  off  from  each  oth«. 

Thus  one  sub-group  or  column  of  ventral  cells  occupies  the  inner  or  mesial  part  of  the  i 
anterior  horn  of  gmy  matter  throughout  almost  its  whole  length.  In  only  two  scgmenti 
of  the  coni  is  it  absent,  viz.  the  fifth  lumbir  and  the  first  sacral ;  at  this  level  in  the  coid 
alone  is  its  continuity  broken  (Bruce).  It  is  termed  the  venti'O'mesial  cofuvin  or  gnmpd 
ventral  cells.  Behind  this  cell-column  there  is  another  which  is  classed  with  it  to  whii 
the  name  of  (forso-znesin/  column  or  tjronp  is  given,  but  this  column  of  cells  is  not  con- 
tinuous throughout  the  entire  length  of  the  cord.  It  is  present  in  the  dorsal  region  of 
the  cord  where  the  motor  nuclei  for  the  muscles  of  the  limbs  are  absent,  and  it  is  also  seen 
in  two  or  three  of  the  segments  of  the  cervical  region  and  in  the  first  lumbar  segment 
(Bruce)  ;  elsewhere  it  is  not  represented. 

In  the  cervical  and  lumbar  swellings  of  the  cord,  where  the  marked  lateral  outgrowth 
is  added  to  the  outer  side  of  the  anterior  horn  of  gray  matter,  certain  groups  of  \»x^ 
multipolar  cells  are  visible.  These  are  the  nuclei  of  origin  of  the  motor-fibres  which 
supply  the  muscles  of  the  limbs,  and  consequently  they  are  not  represented  in  the  upper 
three  cervical  segments  of  the  cord  ;  nor  in  any  of  the  dorsal  segments,  with  the  exception 
of  the  first  dorsal  segment ;  nor  in  the  two  lowest  sticral  S(!gment8. 

These  lateral  cel/s  are  armnged  in  seveml  columns,  which  extend  for  varying  distances 
in  the  superadded  lateral  parts  of  the  anterior  horn  of  gray  matter.  The  two  mani 
columns  are  a  veyitro-lateral  and  a  dorso-hiteral  column  ;  in  certain  segments  there  » 
likewise  a  posf-domo'lateral  column,  and  in  a  number  of  segments  in  the  lumbar  and  sacral 
regions  a  central  column  of  cells  (Bruce). 
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Postero-lateral  furrow 


PoHtero«median 
flssurB 


Posterior  venicular 
column  (Clarke's 
column  of  cells) 


(Jrav  commissure  — 


Antero-median 
furrow 


Antero-mesial  jfroup 
of  motor  cellH 


Intermedio-latei-al 
tract  of  cells 


PoHtero-mesial  group 
of  motor  cells 


Fio.  371. — Section  through  the  Ekihth  Dorsal  Segment  of  the 
Spinal  Cord.  (To  a  large  extent  founde<l  on  Plates  in  Dr. 
Bruce's  A  il(ut. ) 


»  cannot  be  a  doubt  that  the  grouping  of  the  motor  cells  in  the  anterior  horn  of 

ter  of  the  cord  stands  in  relation  to  the  muscle  groups  to  which  their  axis-cylinder 

\  are  distributed ;  but 

it  has  been  said  it  will 

mt  that  sharply  defined 

era  associated  with  par- 
muscles    do   not   exist. 

ich  can  be  learned  re- 

the  localisation  of  the 

luclei    in    the   anterior 

gray  matter  of  the  cord 

f  study  of  the  changes 

xjur  in  the  cell-columns 

iphiesof  isolated  muscles 

«  of  muscles,  and  after 

?  or  partial  amputations 

^     It  has  been  pointed 

:    the   long  muscles  of 

ik  (as,  for  example,  the 
parts   of    the   erector 

nuscle)    receive   nerve - 

rom    all    the   segments 

cord.     Now,    we    have 

tiat    there   is  only   one 

mn,  the   ventro- mesial 

Hrhich  pursues  an  almost 

upted  course  throughout  the  entire  length  of  the  cord.      It  may  be  assumed, 

%  that  the  nerve-fibres  which  go  to  these  long  trunk-muscles  take  origin  in  these 

3lls. 

ger  states  that  in  the  anterior  horn  of  gray  matter  the  nuclei  of  origin  of  the 

nerves  which  supply  the 
proximal  muscles  are  medially 
placed  ;  that  those  for  the 
distal  muscles  are  in  general 
situated  laterally.  If  this 
be  the  case,  the  cells  con- 
nected with  the  shoulder 
muscles  would  lie  nearer  the 
middle  of  the  anterior  horn 
of  gray  matter  than  those 
which  are  connected  with 
the  hand-muscles.  In  cases 
where  the  forearm  and  hand, 
or  the  leg  and  the  foot,  are 
amputated,  it  would  appear 
that  it  is  the  postero-latoral 
column  of  cells  that  shows 
changes  in  consequence  of  its 
separation  from  the  muscles 
to  which  its  fibres  are  dis- 
tributed.^ 


Postero-lateral  furrow 
/ 

Posterior  horn  of 
gray  matter 


Gray 

issure 


i*^iaii 
iirrrjw 


I 'osUto- lateral  group 
of  cells 

Ant«»ro-meHiai     cvntmi  group      Aut^.o-iaten,!  Intermedio  -  lateral  Cell- 

gn)up  of  tells         ofci'iu  group  of  cells  colunin. — The  lutermedio- 

—  Section   thhouoh   the   Third   Ltmbar   Segment  of  the    lateral    cells    form    a    loni' 

AL   CORD   TO   SHOW   THE   GROHPINc;    OF  THK    McTOR    CkLI.S.       (To     ^^^^^^^    QolMlim    which    eX- 

tends  throughout  theentire 
region  of  the  cord  in  the  lateral  horn  of  gray  matter.  It  is  also  prolonged 
ards  into  the  first  and  secoud  lumbar  segments,  where  it  disappears.     In 


ge  extent  founded  on  Plates  in  Dr.  Bruce's  AtloM.) 


se  who  seek  further  infonuution  regarding  the  grouping  of  the  ventral  cells  of  the  cord,  may  with 
5  gtudy  Dr.  Alexander  Bruce's  Ath's  of  the.  Spimd  (Jiml. 
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roflt^itt-liiUTml  ftirrow 


J^jiKti'rior  honi  of  gray 
ttUtr 


Po8t«>ro*inefIian 
Il8«un' 


Gray  coinniiit-  _ 
sure 


Ant«ro-mediaii 
furrow 


C(>iitRil  group  of  celb* 


t>o«tif'ro-lAteral  group 
or  cpjh 


Aiitero-lAt4*raI  group  of  cells 


Fu. 


373. — SEiTinN    TH»or«;H    THE    FiRST   Sacral   Seisment    of   the 

Sl'INAL  Cord  T<»  SHOW  THE   (JRori'INlJ   OK  THE    MoTOH    NeRVECEUX 

(To  a  large  extent  fouiuleil  on  Plates  in  Dr.  Bruoe's  A  fins.) 


transverse  sections  through  the  cord  this  cell-group  presents  a  verj'  cha 
appearance,  because  the  cells  which  compose  it  are  small  and  are  closely  [ 

together.     Although  J 
cells,  as   a   contiDi 
column,  are  reetricli 
the    region    indkati 
should  be  noted  thall 
same  group  of  oelk  ' 
appears  alx>ve  in 
the  cervical  segments  { 
also  in  the  third  and  f 
sacral  8egment&  The  I 
tiou    and    conneziont  < 
these  cells  are  onk 
It  has  been  suggested  1 
they  give  origin  to 
motor,     pile  -  motor, 
sweat  -  gland   nerves, 
have  a  very  close  con 
with  the  sympathetic  1 
vous  system, 

lu    a    reci^nt    resetrdi  1 
Hruce  the  following  imp 
[jointj*  in  ivcarrl  to  the 
niedio-latt^rai  cell-oolumnl 
))cen  determined. 

It  iA  not  ouite  oontinii 
In    tilt;  vightti    cervical, 
doreal,  and  also  in  a  part  of  d 
H(*con(l  dorsal  ^4^ment,  »  i 
art  ill  the  fii-st  and  wcoiul  luniliar  negments,  the  cells  are  in  Heparat<'  clusters.     Tliroughont  I 
rest  of  the  dorwvl  region  it  forms  a  Hiouiliforin  chain  of  cells,  situatiHl  i)artlv  in  the  lateral  T 
and  itfirtly  in  the  gray  matter  UOiiiid  it.     Some  outlying  chills  are  situated  in  the  white  i 
in  tlie  neiglilx)urh(KKl  of  the  lateral  honi. 

The  limits  of  the  tnict  ai-e  fixnu  lower  two-thirds  of  eighth  cer\'ical  t<»  the  lower  end  of  tbi 
st»coiiil  lumbar  or  ]K^rhaiw  the  upper  end  of  the  thinl  lumbar  segment.     It  is  foimd  also  in  tk| 
first,  second,  and  thinl  cervical,  and  in  the  thirtl  and  fourth  sticral  segments, 
maximum  size  in  the  thiitl  and  fourth  doi-sal  segments. 

Posterior  Vesicular  Column — Clarke's  Column. — Tliis  occupies  the  poetcriflr  ' 
horn  of  gray  matter  and  is  the  mosL  conspicuous  of  all  the  cell-groups  in  As 
cord.  It  docs  not,  however,  extend  along  the  whole  length  of  the  cord;  indeed 
it  is  aUuost  entirely  confined  to  the  dorsfil  region,  and  in  consec^ueuce  it  is  some-  > 
times  referred  to  as  the  "  dorsal  nucleus."  Above,  it  Ijcgins  opposite  the  seventh  or 
eighth  cervical  nerve,  whilst  below,  it  may  be  traced  to  the  level  of  the  second 
lumbar  nerve,  where  it  disjippeai*s.  In  tninsverse  section  of  the  cord  it  presents  ib 
oval  outline,  and  is  seen  in  the  inner  i>art  of  the  cervix  of  the  iKwterior  horn  of 
gray  matter  immediately  behind  the  gray  commissure  (Fig.  369  B,  p.  458).  On  the 
outer  side  it  is  circumscribed  by  numerous  curved  fibres  from  the  entering  poeteiioc 
nerve-root,  and  in  the  lower  dorsal  region  of  the  cord  (opiK)8ite  the  eleventh  and 
twelfth  dorsiil  nerves)  it  becomes  so  marked  that  it  forms  a  bulging  on  the  inner 
asj)  'ct  of  the  posterior  gray  horn. 

The  cells  of  Clarke's  column  are  large,  and  possess  several  dendritic  proceeees. 
The  axons  enter  the  lateral  column  of  white  matter  and  there  forma  strand  of 
fibres,  which  will  later  on  lie  described  under  the  name  of  the  direct  cerebellMr  tntt 

In  addition  to  the  topographical  suldivision  of  the  nerve-cells  of  the  cord  indicated  above,  it 
i:*  now  usual  to  classify  them  acconlinp  to  the  nature  of  the  axons  which  proceed  from  theio* 
Thus  we  have  (1)  the  cells  of  Gol^i  or  cells  with  short  axons,  and  (2;  cells  with  long  axon& 

The  cells  of  Golgi  }H>ssess  axons  which  do  not  emerge  from  the  gray  matter,  but  bring  neigh' 
buuring  cells  int<i  touch  with  ea<h  other.  The  cells  with  long  axons  are  of  two  kinds,  rit- 
radicular  cells  and  strand-cells. 

The  radicular  cells  are  thr>se  from  which  the  axon  emerges  fixim  the  cord  in  the  shape  of  au 
efferent  nerve-fihre.     Thus  the  ** motor  cells"  which  supply  the  axis-cylinder  procesBes  of  th« 


It 
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re-root8  belong  to  this  class.  The  strand-cells  are  those  which  contribute  their  axons 
ktion  of  those  fibres  which  form  certain  of  the  strands  or  tracts  which  are  found  in 
alter  of  the  cord. 

'fibres  in  the  Oray  Matter  of  the  Oord. — Nerve-fibres  both  of  the 
1  and  non-meduUated  variety  pervade  every  part  of  the  gray  matter. 
of  three  kinds,  viz.  (1)  collaterals,  (2)  terminations  of  nerve-fibres,  (3) 
^n  off  by  the  cells.  Many  of  the  nerve-fibres  which  compose  the  columns 
natter  of  the  cord  give  oflF  numerous  fine  collateral  branches,  which  pass 
pray  matter  from  all  sides  and  finally  end  in  relation  with  the  nerve- 
e  majority  of  the  nerve-fibres  themselves,  which  thus  give  off  collaterals, 
/QT  the  gray  matter,  and  end  similarly.  As  already  noted,  the  axons  of 
>f  Golgi  remain  within  the  gray  matter,  but  the  others  emerge  either  for 
se  of  entering  a  peripheral  nerve  or  for  the  purpose  of  entering  a  strand 
1  the  white  matter  of  the  cord. 

?rve-fibres  thus  derived  are  interwoven  together  in  the  gray  matter  of  the 
dense  inextricable  interlacement. 


Component  Parts  of  the  White  Matter  of  the  Cord. 

hite  matter  of  the  cord  is  composed  of  meduUated  nerve-fibres  embedded 

;Iia.     The  fibres,  for  the  most  part,  pursue  a  longitudinal  course;  and 

deep    surface    of    the    pia    mater  which 

the   cord   fibrous  septa  or  partitions  are 

along  vertical  planes  between  the  fibres,  so 
ni  an  irregular  and  very  imperfect  fibrous 
k  of  support.  The  neuroglia  is  disposed  in 
f  varying  thickness  around  the  cord,  sub- 
the  pia  mater,  and  is  carried  into  the  cord 
ive  a  coating  to  both  sides  of  the  various  pial 
'he  neuroglia  also  is  disposed  around  the 
?rve- fibres,  so  that  each  of  these  may  be  said 
a  canal  or  tunnel  of  this  substance.  The 
•es  are  all  meduUated,  but  they  are  not 
^ith  pninitive  sheaths.     It  is  the  medullary 

of  the  nerve -fibres  which  gives  to  the 
tter  its  opaque,  milky -white  appearance, 
hin  transverse  section  of  the  cord  is  stained 
e  and  examined  under  the  microscope  the 
tter  presents  the  appearance  of  a  series  of 
plied  circles,  each  with  a  dot  in  the  centre. 
8  the  transversely  divided  axis -cylinder  of 
bre,  and  the  dark  ring  which  forms  the 
3nce  of  the  circle  represents  the  wall  of  the 
canal  which  is  occupied  by  the  fibre, 
illary  substance  is  very  faintly  seen.  It 
I  filmy  or  cloudy  appearance  between  the 
ler  and  the  neuroglial  ring. 
gement  of  the  Nerve-fibres  of  the  White 
tt  Strands  or  Tracts.— When  the  white 

a  healthy  adult  cord  is  examined  the  fibres  which  compose  it  are 
iry  considerably  in  point  of  size ;  and  although  there  are  special  places 
2je  fil>res — or  it  may  be  small  fibres — are  present  in  greater  numbers 
where,   yet    as    a    rule    both    great    and    small    fibres    are    mixed   up 

Alwolutely  no  evidence  can  be  obtained  in  such  a  cord,  by  any  means 
sposal,  of  the  fact  that  the  longitudinally  arranged  fibres  are  grouped 
n  more  or  leas  definite  tracts  or  strands,  the  fibres  of  which  run  a  definite 
1  present  definite  connexions.  Yet  we  know  this  to  be  the  ca.se,  and  the 
rjf  these  separate  tracts  has  been  proved  both  by  physiological  and  by 
ical  investigation. 


Fia.    374.— TRAN8VER8B    Section 

THROU<JH  THE  WHITE  MaTTBK  OK 

THE   CoKD,   as  seen  througli   the 
microscope. 
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The  phsrsiological  evidence  depends  on  the  fact  that  when  a  nerve-fibre  is  severed  the 
which  is  detached  from  the  nerve-cell  from  which  it  is  an  offshoot  degenerates,  whiLft  the 
which  remains  connect<»d  with  the  nerve-cell  undergoes  little  or  no  chanfi;e.     This  is  called 
law  of  "  Wallerian  "  degeneration.     Thus,  if  in  a  living  animal  one-half  of  the  cord  lie  cuti 
and  after  a  few  weeks  the  animal  l)e  killed  and  the  cord  examined,  it  will  be  seen  that 
ai*e  degenerated  tracts  of  fibres  in  the  white  matter,  both  above  and  below  the  plane  of  div 
but,  still  further,  it  will  also  be  manifest  that  the  tracts  which  are  degcneratecl  above  the 
of  division  are  not  the  same  as  those  which  are  degenerated  in  the  part  of  the  cord  whi< 
below  this  level.     The  interpretation  of  this  is  obvious.     The  ner^'e-tracts  which  have  degei 
a))ove  the  plane  of  section  are  the  offshoots  of  nerve-cells  which  lie  in  lower  segments  of  the 
or  in  spinal  ganglia  below  the  ])lane  of  section.     Severed  from  these  nerve-cells,  thev  iu 
what  IS  called  ascending  degeneration.     The  nerve-tracts,  on  the  other  hand,  wj^ich 
degenerated  in  the  portion  of  the  cord  below  the  plane  of  division  are  the  axons  of  cells 
lie  at  a  higher  level  than  the  plane  of  section,  either  in  higher  segments  of  the  cord  or  in  , 
brain  itself.     Cut  off  from  the  nerve-cells  from  which  they  proceed,  they  present  an  example 
descending  degeneration. 

The  embryological  evidence  we  owe  to  Flechsig,  and  it  is  no  less  satisfactory.    It  dej 
ui)on  the  fact  that  nerve-fibres  in  the  earliest  stages  of  their  development  consist  of  naked 
cylinders,  and  are  not  provided  with  medullary  sheaths.     Further,  the  nerve-tibres  of  diffd 
strands  assume  the  medullary  sheaths  at  different  j)eriods.     By  examining  the  foetal  « 
different  stages  of  it^  develonment,  it  is  a  comi>aratively  easy  matter  to  locate  the  different 
of  fibi*es  by  evidence  of  this  Kind     Speaking  broadly,  the  tracts  which  myelinate  first  are 
which  Viring  the  coixl  into  relation  with  the  perijmeral  parts  (skin,  muscles,  etc) ;  then 
fibres  whicli  bind  the  various  st^gments  of  the  cord  together ;  next^  those  which  connect  the 
with  the  ci^i-ebellum  ;  and,  lastly,  the  tracts  which  connect  the  curd  with  the  c*»rebrunL 
nervous  a])i>aratus  for  the  performance  of  automatic  movements  is  fully  provided,  therefore,  bei, 
this  is  put  under  the  control  and  direction  of  the  higher  centrea     It  by  no  means  follows  that 
all  the  liigher  animals  corres}>onding  strands  myelinate  at  relatively  corresponding  jierioda    Tab 
the  case  of  a  young  animal  which  from  the  time  of  its  birth  is  able  to  move  about  and  perfom 
voluntary  movements  of  various  kinds  in  a  more  or  less  perfect  manner,  and  compare  it  with  thi 
helpless  new -bom  human  infant  which  is  only  capable  of  exhibiting  automatic  uiovemeutA    h 
the  former  the  pyramidal  tracts,  or  motor  tracts,  which  descend  from  the  cerebrum  into  thecoi^ 
and  which  are  tiie  paths  along  which  the  mandates  of  the  will  travel,  myelinate  at  an  early  period; 
whilst  in  the  human  infant  the  corresponding  fibres  do  not  obtain  their  medullary  sheaths  miti 
after  birth.     The  study  of  the  dates,  therefore,  at  which  the  various  strands  of  nerre-fibni 
myelinate  not  only  gives  the  anatomist  a  means  of  kx^ting  their  position  in  the  white  matter  of 
the  cord,  but  it  also  affords  the  physiologist  most  imT)ortant  information  regaiding  their  functioi^ 
and  also  the  periods  at  which  the-se  functions  are  called  into  play. 

It  is  a  matter  of  interest  to  note  that  influences  which  either  accelerate  or  retard  the  periodi 
at  which  nerve  fibres  are  brought  into  functional  activitv  have  also  an  effect  in  determining  thi 
dates  at  which  thc«e  fibres  assume  their  sheaths  of  myelin.  Thus,  when  a  child  is  prematnrdf 
bom  the  whole  ])rocess  of  mvelinisation  is,  as  it  were,  hurrie<i  up  ;  and  further,  when  in  net 
lx)m  animals  light  is  freely  admitted  to  one  eye  whilst  it  is  carefully  excluded  from  the  othci^ 
the  fibres  of  the  optic  nerve  of  the  fonner  myelinate  more  rapidly  than  those  of  the  opposite  nem 

Posterior  Colmnn  of  the  Cord  and  the  Posterior  Boots  of  the  Spinal 
Nerves. — In  the  cervical  and  upper  dorsal  regions  of  the  cord  the  posterior  column 
is  divided  by  the  posterior  paramedian  septum  into  the  tract  of  Bnrdach,  which 
lies  externally  and  next  the  posterior  horn  of  gray  matter,  and  the  tract  of  Qdl, 
whicli  lies  internally  and  next  the  postero-median  septum.  The  tract  of  Burdach 
is  composed  of  nerve-tibres,  which  are  for  the  most  i)art  larger  than  those  entering 
into  the  formation  of  Goll's  tract,  and  both  tracts  have  a  most  intimate  relation 
to  the  posterior  nerve-roots ;  indeed,  they  are  both  almost  entirely  composed  d 
fibres  which  enti».r  the  cord  hy  these  roots  and  then  pursue  a  longitudinal  course. 

The  nerve-fibres  which  form  the  j)ost<3rior  nerve-roots,  on  entering  the  cord  along  the 
j)08tero-latcml  groove,  divide  within  the  tract  of  Burdach  into  asccndiug  and  descending 
branches.  These  branches  diverge  abruptly  from  each  other ;  and  the  former  take  an 
upwanl  course,  whilst  the  latter  proceed  downwards.  The  descending  fibres  are  as  a  rule 
short,  and  soon  end  iu  the  gray  matter  of  the  cord.  These  descending  fibres  occupy  an 
area  in  the  posterior  column  near  to  the  place  of  entrance  of  the  nerve-root.  Tliis  area, 
when  the  spinal  cord  is  divided,  undergoes  descending  degeneration  and  then  presents  a 
coniina-shaped  outline.  The  fibres  iu  question  are  included  under  the  name  of  the  comma 
tract  of  Schultze. 

The  ascending  fibres  vary  greatly  in  length,  and  at  varying  distances  from  the  point 
where  the  parent  fibres  enter  the  conl  they  cud  in  the  gray  matter.  A  small  contribution 
of  ascending  fibres,  however,  from  each  posterior  nerve-root,  extends  upw^ards  to  the  upper 
end  of  the  cord,  to  end  in  the  medulla  oblongata. 

As  each  posterior  nerve-root  enters,  its  fibres  range  themselves  in  the  outer  part  of 
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of  Burdach  close  up  against  the  posterior  horn  of  gray  matter.     The  nerve- 

The  oval  field  of  Flechsi^  Comma  tract  of  Schultze 


Diagram  to  show  thb  Arrangeicbnt  of  the  Fibres  of  the  Posterior  Nerve -Roots  in 
Posterior  Columns  of  the  Cord.  Tlie  oval  field  of  Flechsig  is  present  in  the  lumbar  region 
is  composed  of  fibres  which  degenerate  in  a  downward  direction,  and  which  are  not  derived  from 
Kwlerior  nerve-roots.     In  all  probability  they  are  commissural  fibres  (from  Edinger,  modified). 

:he  nerve-root  next  above  take  the  same  position,  and  consequently  those  which 
■cm  the  nerve  immediately  below  are  displaced 
ind  come  to  lie  in  the  tract  of  Burdach  nearer 
esial   plane.      This   process    goes    on   as   each 
:  enters,  and   the  result   is  that  the  fibres  of 

nerves  are  gradually  pushed  neai-er  and  nearer 
»stero-median  septum  in  a  successive  series  of 
tracts.  Of  course  the  greater  proportion  of 
5,  which  are  thus  carried  upwards  from  the 
nerve-roots,  sooner  or  later  leave  the  posterior 
id  enter  the  gray  matter,  to  end  there  in  relation 
f  its  cells  ;  but,  as  we  have  said,  every  posterior 
t  sends  a  few  fibres  up  the  whole  length  of  that 

the  cord  which  lies  above,  and  thus  the  posterior 
■adually  increases  in  bulk  as  it  is  traced  upwards, 
he  upper  reaches  of  the  cord  a  tract  of  Goll 
jvident.  This  tract  of  Goll  is  composed  of  the 
ndiiig  fibres  of  the  posterior  uerve-roots,  which 
;red  the  lower  segments  of  the  cord.  To  put 
er  differently,  the  fibres  of  the  sacral  roots 
iced  inwards  by  the  entering  lumbar  fibres, 
I  fibres  of  the  lumbar  roots  are  in  their  turn 
wards  by  the  entering  dorsal  fibres,  and,  lastly, 

of  the  cervical  roots  displace  the  dorsal  fibres, 
•ence  between  the  tract  of  Goll  and  the  tract  of 
simply  consists  in  this,  that  the  former  is  com- 
the  fibres  of  posterior  nerve-roots  which  have 
he  cord  at  a  lower  level  than  those  which  enter 

formation  of  the  column  of  Burdach.  The 
lolls  tract,  taking  them  as  a  whole,  must  there- 
isarily  run  a  very  much  longer  course, 
knowledge  of  the  constitution  of  the  posterior 
of  the  cord  is  largely  derived  from  studying 
e  of  degeneration  in  monkeys,  in  which  the  cord 

cut  across — either  partially  or  completely.  It 
pear,  from  the  examination  of  the  human  cord  Fw.  37t>.-~I)iA(ntAM  to  show  the 
,  been  injured  or  compressed,  that  the  lamination  fr,ZZ:r^:L^'.'^Z.Z 
esentenngfrom  the  senes of  posterior  nerve-roots  ^j^^  asce^b  I's  tE^  Yo?.t^\!t\Q^ 
rljr  so  complete  as  In  the  ame  of  the  monkey.  Column  OTTBiaCoui)VlTom'SA\tk,%«i\. 
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Numerous  collateral  fibrils  stream  into  the  gray  matter  of  the  pofiterior  honi 
from  the  ascending  and  descending  branches  of  the  entering  fibres  of  the  posterior  ai 
roots.  These  are  classified  into  long  and  short  collaterals.  The  long  coUatanlf  ol 
forward  into  the  anterior  horn  of  gray  matter  and  end  in  relation  to  the  yentnl  li 
cells.  The  short  collaterals  end  in  relation  to  the  nerve-cells  in  the  Bubstantia  Bofa 
and  other  nerve-cells  of  the  posterior  horn  of  gray  matter. 

The  majority  of  the  fibres  of  the  posterior  nerve-root  enter  the  cord  on  the  iniMri 
of  the  apex  of  the  posterior  horn  of  gray  matter.  The  manner  in  which  these  are  nil 
to  the  columns  of  Burdach  and  Goll  has  been  noticed  ;  but  a  certain  number  of  thoiel 
which  lie  most  externally  take  a  curved  course  forwards  on  the  inner  side  of  the  poali 
horn  of  gray  matter  and  then  pass  into  it.  In  the  dorsal  region  these  curved  fibres  «i 
connexion  with  the  cells  of  Clarke's  column  (Fig.  369,  p.  458). 

Tract  of  Lissaner. — This  is  a  small  tract  of  nerve-fibres  of  minute  calibre  «! 
assume  their  medullary  sheaths  at  a  comparatively  late  period.  It  is  placed  at 
surface  of  the  coid  close  to  the  postero-lateral  furrow.  It  is  formed  by  some  of 
outer  fibres  of  the  posterior  nerve-roots,  which  do  not  enter  the  tract  of  Burdach, 
which  pass  upwards  in  the  cord  close  to  the  substantia  gelatinosa  Roland i,  in  which  I 
ultimately  end. 

It  must  now  be  evident  that  the  fibres  which  enter  the  cord  through  each  posterior  nerro 
have  three  main  modes  of  distribution  :  (1)  the  majority  take  part  in  tne  formation  of  the  coh 
of  Burdach  and  Goll ;  (2)  a  few  lie  close  to  the  posterior  horn  of  gray  matter  and  describe  ai 
of  graceful  curves  as  they  pass  forwards  prior  to  turning  outwards  into  the  gray  matter,  to  ea 
the  dorsal  repon,  in  Clarke's  vesicular  column ;  (3)  a  third  series  form  Liseauers  tract  and  a 
connexion  with  the  cells  of  the  substantia  gelatinosa  Rolandi  and  other  cells  in  the  postezioi 
anterior  horns  of  gray  matter. 

The  fibres  derived  from  the  posterior  nerve-roots  which  ascend  in  the  posterior  colamna  d 
cord  to  the  medulla  oblongata  of  the  brain  constitute  a  direct  sensory  tract ;  other  fifani 
de8cril)ed  which  give  rise  to  a  crossed  sensory  tract  termed  the  spino-thalamic  tract  I 
latter  fibres  arise  as  the  axons  of  certain  of  the  cells  in  the  posterior  horn  in  connexion  i 
which  fibres  from  the  posterior  nerve-roots  have  ended,  ana  crossing  to  the  opposite  ad 
the  cord  through  the  anterior  commissure  they  ascend  in  the  anterolateral  column  to  the  ti 
where  they  ultimately  reach  the  optic  thalamus.  As  the  spino-thalamic  tract  ascends  ii 
cord  its  fibres  are  not  gathered  into  a  compact  strand,  but  are  more  or  less  loosely  scitt 
in  the  lateral  column. 

Association  Fibres  in  the  Posterior  Colnmn. — But  the  whole  of  the  fibres  of 
posterior  column  are  not  derived  from  the  posterior  nerve-roots.  A  few  fibres  exa 
this  column  which  have  a  different  origin.  They  are  derived  from  certain  of  the  cd 
the  gray  matter  of  the  cord,  and  entering  the  posterior  column  divide  into  ascending 
descending  branches  which  pass  upwards  and  downwards  in  the  column  for  a  var 
distance  before  they  finally  turn  in  to  end  in  the  gray  matter  at  a  higher  and  a  lowerk 
These  fibres,  therefore,  constitute  links  of  connexion  between  difl^erent  cord  segmentii 
thus  they  are  termed  association  or  longitudinal  commissural  fibres.  Our  informi 
regarding  these  fibres  at  present  is  somewhat  defective ;  but  it  is  believed  that  the  dec 
part  of  the  column,  i.e.  the  part  next  the  posterior  gray  commissure  and  termed 
ventral  field,  and  also  the  descending  septo-marginal  tract  of  Bruce,  placed  in  appoa 
with  the  postero-median  septum  and  in  the  adjoining  part  of  the  surface,  belong  main] 
this  category. 

Lateral  Column  of  the  Cord. — In  the  lateral  column  of  the  cord  the  i 
established  tracts  are : — 

1.  The  direct  cerebellar  tract. 

2.  The  tract  of  Gowers. 

3.  The  crossed  pyramidal  tract. 

The  remainder  of  the  column  goes  under  the  name  of  the  lateral  basis-bmid] 
The  direct  cerebellar  tract  (fasciculus  cerebello-apinalis)  is  a  band-like  sb 
which  lies  in  relation  to  the  surface  of  the  cord  immediately  in  front  of  the  posi 
lateral  groove.  It  is  an  ascending  tract,  and  is  composed  for  the  most  pai 
coarse,  large  nerve-fibres,  which  are  derived  from  the  nerve-cells  of  the  postt 
vesicular  column  (Clarke's  column)  in  the  posterior  horn  of  gray  matter.  1 
therefore,  not  found  throughout  the  whole  length  of  the  cord.  It  first  appeal 
the  lower  part  of  the  dorsal  region ;  and  as  it  ascends  it  gradually  increases  in 
as  it  is  joined  by  the  axons  of  the  cells  of  Clarke's  column,  which  lie  at  hi| 
levels.  It  finally  enters  the  medulla  oblongata,  and  through  this  prooeeds  lo 
cerebellum,  in  which  it  ends. 
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It  must  not  be  forgotten  that  each  poeterior  nerve-root  in  the  dorsal  region  of  the  cord  gives 
mtribution  of  fibres  to  the  posterior  vesicular  column  of  cells  from  which  the  fibres  of  the  direct 
febellar  tract  arise  (see  p.  468).  In  this  way  a  connexion  is  established  between  the  posterior 
li  of  the  dorsal  nerves  and  the  cortex  of  the  cerebelhim.  It  is  believed  that  the  direct  cerel>ellar 
tat  Is  an  important  fiBLctor  in  bringing  about  a  proper  co-ordination  of  muscular  movements. 

Gowexs's  tract  (fasciculus  antero-lateralis  superficialis)  lies  in  front  of  the  direct 
pebellar  tracts  and,  like  it,  next  the  surface  of  the  lateral  column.  It  is  also  an 
tendiDg  tract,  and  it  likewise  (in  part  at  least)  ultimately  reaches  the  cerebellum, 
Biough  after  leaving  the  cord  it  takes  a  different  route  to  gain  its  destination. 
k  transverse  sections  of  the  cord  it  presents  a  coruma-sliaped  appearance,  the 
lick   part   abutting  .^^^--^ 

•  8t  the  direct  cere-  - — ^^T^^y^^         ^-^-^^^  i**^^^^ 

tract,    and    the 

ower  portion  taper- 
forwsLrds   into    the 

ion  of  the  emerging 
hterior  nerve-roots, 
tract  of  Gowers 
Jlgins  at  a  lower  level 
i  the  cord  than  the 
rect  cerebellar  tract 
d  it  increases  in  vol- 
le  as  it  is  traced  up- 
rda  The  fibres  of 
3  tract  have  probably 
ir  origin  in  the  cells 
the  posterior  horn  of 
.y  matter,  but  on  this 
nt  there  is  at  present 
precise  information. 
T  he  crossed  pyramidal 
«t  (fasciculus  cerebro- 
Lnalis  laterahs)  is  a 
:ge  well-defined  de- 
mding  tract,  which  lies  immediately  in  front  of  the  posterior  horn  of  gray 
itter  and  subjacent  to  the  direct  cerebellar  tract,  which  shuts  it  out  from 
e  surface  of  the  c(  rd.  Below  the  point  where  the  direct  cerebellar  tract  begins 
e  crossed  pyramidal  tract  becomes  superficial,  and  in  this  position  it  can  be 
iced  as  low  as  the  fourth  sacral  nerve,  at  which  level  it  ceases  to  exist  as  a 
stinct  strand.  The  crossed  pyramidal  tract  is  composed  of  an  admixture  of  both 
rge  and  small  fibres.  These  arise  in  the  brain  from  the  large  pyramidal  cells 
the  motor  or  Rolandic  area  of  the  cerebral  cortex,  and  pass  downwards  through 
.rious  subdivisions  of  the  brain  to  gain  the  spinal  cord.  As  they  enter  the  cord 
ley  cross  the  mesial  plane  from  one  side  to  the  other,  and  it  thus  happens  that 
le  crossed  pyramidal  tract  in  the  right  lateral  column  of  the  cord  has  its  origin 
the  cortex  of  the  left  cerebral  hemisphere,  and  vice  versa.  As  the  tract  desct^nds 
.  the  cord  it  gradually  diminishes  in  size ;  and  this  is  due  to  the  fact  that,  as  it 
averses  each  spinal  segment,  numerous  fibres  leave  it  to  enter  the  anterior  horn 
■  gray  matter,  and  end  in  connexion  with  the  ventral  motor  cells  from  which  the 
bres  of  the  anterior  nerve-roots  arise.  The  entire  strand  is  ultimately  exliausted 
I  this  way.  Numerous  collateral  fibrils  spring  from  the  pyramidal  fibres,  and, 
tttering  the  gray  matter,  end  in  a  similar  manner,  and  in  this  way  a  sin^do  pyra- 
lidal  fibre  may  be  connected  with  several  spinal  segments  before  it  finally  ends, 
he  crossed  pyramidal  tract  must  be  regarded  as  a  great  motor  strand  which 
rings  the  spinal  motor  apparatus  under  the  (control  of  the  will. 

Schafer  believes  that  many  of  the  pyniinidid  fibres  end  in  connexion  with  the  cells 
Clarke's  column. 

In  the  rat,  mouse,  guinea-pig,  squirrel,  sheep,  kangaroo,  etc.,  the  pyramidal  tract  lies 
the  posterior  oolumn  of  the  cord. 
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Eraprginy  anterior  toot 

DiAURAMIfATIC   RrPRBSENTATION   OF  A  TrANSVBKSB   SECTION 
THBOUOH   THE  SpINAL  COKD. 

The  uerve  tracts  in  the  white  matter  and  the  clu»ters  of  ner\'e-ceUs 
in  the  gray  matter  are  shown. 
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The  lateral  badis-bundle  (fasciculus  latersdis  proprius)  represents  the  ten 
of  the  lateral  column.     Our  information  regarding  it  is  still  imperfect; 
would  appear  that  its  fibres  are  largely  derived  from  the  cells  situated  in  all  [ 
of  the  gray  matter,  and  also  from  the  nerve-cells  of  the  opposite  side  of  the  ( 
After  a  course  of  very  varying  length  in  the  basis-bundle,  these  fibres  turn  hm 
and  re-enter  the  gray  matter.     Such  fibres  may  thus  be  regarded  as  inter-i 
association  fibres  binding  two  or  more  segments  of  the  cord  together.     It  mayl 
mentioned  that  the  association  fibres  which  link  together  segments  of  the 
which  are  near  to  each  other  lie  close  to  the  gray  matter,  whilst  those 
connect   the    more   distant   segments   are    situated    further   out   in    the  lati 
basis-bundle. 

Anterior  Column  of  the  Cord. — One  well-defined  tract  is  situated  in 
anterior  column.     This  is  termed  the  direct  pyramidal  tract.     The  remainder  ( 
the  column  receives  the  name  of  the  anterior  basis-bundle. 

The  direct  pyramidal  tract  (fasciculus  cerebro-sx)inalis  anterior)  is  usuallyj 
nerve-strand  of  small  size  which  lies  next  the  antero-median  fissura     As  a  i 
it  cannot  be  traced  lower  than  the  middle  of  the  dorsal  region  of  the  cord, 
a  descending  tract  and  must  be  associated  with  the  crossed  pyramidal  tract  oft 
opposite  side,  seeing  that  both  of  these  strands  arise  from  the  motor  area  of  I 
cortex  of  the  same  cerebral  hemisphere.     From  this,  it  must  be  clear  that  1 
direct  pjrramidal  tract  does  not  cross  the  mesial  plane  as  it  enters  the  cord,  I 
descends  on  the  side  of  the  cord  corresponding  to  the  cerebral  hemisphere! 
which  it  arises.     All  the  same  its  fibres  do  not  end  in  the  same  side  off 
cord,  but  at  every  step  along  the  path  of  the  strand  they  make  use  of  the  ant 
commissure  and  cross  to  the  opposite  side  of  the  cord,  to  terminate  in  reb 
to  the  opposite  ventral  motor  cells  in  the  same  manner  as  the  crossed  pj 
fibres. 

From  this  crossing  ot  the  pyramidal  tracts,  it  results  that  the  destruction  of  the  fibres 
compose  them  as  they  descend  in  one  side  of  the  brain  must  result  in  paralysis  of  the  mi 
supplied  by  the  efferent  nerves  of  the  opposite  side  of  the  cord. 

In  cases  of  old  brain  lesion  it  is  sometimes  possible  to  detect  some  dc^nerated  fibres  in 
crossed  pyramidal  tract  of  the  sound  side  of  the  spinal  cord,  and  from  this  it  is  supposed  tluti 
tract  contains  a  few  uncrossed  fibres.  If  this  be  the  case,  each  side  of  the  cord  standi 
connexion  with  the  motor  area  of  both  cerebral  hemispherea 

It  is  well  to  note  that  the  fibres  of  both  pyramidal  tracts  are  not  medullated  until  the  timcrf 
birth.     They  are  the  latest  of  all  the  cord-tracts  to  myelinate. 

The  anterior  basis-bundle  (fasciculus  anterior  proprius),  like  the  lateral  baai* 
bundle,  is  composed  largely  of  fibres  which  arise  from  the  cells  of  the  gray  matter 
of  the  cord,  and  act  the  part  of  intersegmental  association  fibres. 

Summary  of  the  Constitution  of  the  White  Matter  of  the  Cord. — Tk 
white  colunms  of  the  cord  are  formed  of  two  kinds  of  nerve-fibres  : — 

1.  Those  which  enter  the  cord  from  without. 

2.  Those  which  take  their  origin  from  the  cells  within  the  gray  matter  of  the 
cord  itself. 

Under  the  first  category  we  include  (a)  the  greater  part  of  the  fibres  of  th0 
posterior  column  (columns  of  Burdach  and  GoU),  which  arise  from  the  cells  of  the 
spinal  ganglia,  and  which  enter  the  cord  as  the  posterior  nerve-roots ;  and  (6)  the 
crossed  and  direct  pyramidal  tracts  which  come  from  the  motor  cells  of  the  cerebnl 
cortex. 

The  fibres  which  arise  within  the  gray  matter  of  the  cord  may  be  classified 
thus:  (a)  I'ibres  which  pass  out  from  the  cord  as  etlerent  nerves  (anterior  nene- 
roots) ;  (b)  fibres  which  form  long  tracts  and  pass  up  the  cord  to  enter  the  bnun 
(direct  cerebellar  tract  and  the  tract  of  Gdwers) ;  (c)  fibres  which  form  short  tractt, 
linking  together  diflerent  segments  of  the  cord  (intersegmental  association  fibres  in 
each  of  the  three  columns  of  the  cord). 

Anterior  White  Commissure. — The  anterior  commissure  is  composed  of 
medullated  nerve-fibras  passing  from  one  side  oi  the  cord  to  the  other  and  entering 
the  anterior  horn  of  gray  matter,  and  also  the  anterior  colunm  of  white  matter,  h 
is  to  be  regarded  more  as  a  decussation  than  as  a  commissure,  and  its  width,  which 
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fis  somewhat  in  different  regions,  fluctuates  in  correspondence  with  the  diameter 
he  cord. 


:  the  fibres  which  cross  in  the  anterior  commissure  may  be  mentioned  :  (1)  The  fibres 
be  direct  pyranddal  tract ;  (2)  collaterals  from  both  the  ventral  and  lateral  columns ;  (3)  axons 
MBj  of  the  cells  of  the  gray  matter ;  (4)  the  dendritic  processes  of  some  of  the  mesial  ventral 

1 

Posterior  Oray  Gommiaaure. — ^Although  this  is  composed  of  gray  matter  with 
uge  admixture  of  neuroglia,  numerous  transverse  nerve-fibres  pass  through  it,  so 
to  bind  the  cells  of  one  side  of  the  cord  to  those  of  the  other. 


MIO-OORSAL  LAMINA 


sgo^JGIUM 


Development  of  the  Spinal  Cord. 

In  the  chapter  upon  General  Embryology  it  has  been  pointed  out  (p.  21)  that  the 
in  and  cord  first  take  shape  in  the  form  of  a  tube  of  ectoderm,  which  receives  the  name 
he  neural  tube.  Three  expansions,  placed  one  behind  the  other  at  the  cephalic  end  of 
tube,  represent  the  early  brain ;  whilst  behind  these  primitive  cerebral  vesicles  comes 
elongated  narrower  part  of  the  tube,  which  at  this  stage  represents  the  spinal  cord. 
i  developmental  process,  which  we  now  have  to  study,  the  walls  of  this  portion  of  the 
lal  canal  give  rise  to  the  various  elements  which  build  up  the  substance  of  the  cord, 
Bt  a  portion,  if  not  the  whole,  of  the  primitive  cavity  is  preserved  as  the  central  canal 
lie  cord.  The  account  which  is  here  given  of  the  development  of  the  cord  is  taken 
)6t  entirely  from  the  writings  of  Professor  His. 

liVhen  first  formed,  the  neural  tube  is  compressed  from  side  to  side  and  presents  an  oval 
ine  in  transverse  section  (Fig.  16,  p.  21).  The  two  lateral  walls  are  very  thick,  whilst 
narrow  dorsal  and  ventral  portions  of  the  wall  are  thin,  and  are  termed  the  mid-dorsal 
mid-ventral  laminm  (Fig.  378).  The  cavity  of  the  tube  in  transverse  section  appears  as 
rrow  slit.  At  this  stage  the  wall  of  the  neural  tube  is  formed  of  a  series  of  elongated 
ro-epithelial  columnar  cells,  closely  applied  to  each  other  and  extending  throughout  the 
le  thickness  of  the  wall.  The 
T  ends  of  these  long  columnar 
5  unite  to  form  a  delicate  mem- 
le  termed  the  internal  limiting 
nhrane,  which  lines  the  lumen  of 
tube,  whilst  their  outer  ends 
sent  a  similar  relation  to  an  ex- 
lal  limiting  membrane,  which 
fsts  the  outer  surface  of  the  tube. 
I  name  of  spongioblasts  is  given 
hese  cells,  and  they  soon  develop 
such  a  manner  as  to  form  the 
tentacular  framework  of  the 
wing  cord.  Between  their  inner 
ts,  immediately  subjacent  to  the 
criial  limiting  membrane,  a  series 
clefts  or  open  spaces  are  formed, 
which  appear  large  numbers  of 
iiid  cells  called  germinal  cells. 
e  precise  origin  of  these  germinal 
U  is  not  at  present  satisfactorily 
Ablished ;  but  they  rapidly  in- 
case in  number,  and  in  the  human 
ibryo  of  four  weeks  they  are  seen 
form  an  almost  continuous  layer 
neath  the  internal  limiting  mem- 
ane.  It  is  well  to  note,  however, 
at  in  the  thin  mid-dorsal  and  niid- 
ntral  laminte  no  germinal  cells  are 
rmed.  Here  the  wall  remains 
irely    spongioblastic.       The     j)eri- 


MID-VENTRAL  LAMINA 

378.  — Schema  of  a  TuANsvEnsK  Section  throucui  the 
Eakly  Neural  Tube  (Young). 

'Ilie  li'ft  sidu  of  the  st'clion  shows  an  earlier  stjige  tlian 
the  ri^'ht  ^idr. 


ieral  portions  of  the  spongioblasts  likewise  undergo  a  marked  transformation.  They 
ve  off  branches  or  processes,  and  by  the  interlacement  of  these  a  sponge-like  network 
ith  irregular  meshes  is  formed  in  the  outer  portion  of  the  wall  of  the  neural  tube.     The 
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entire  sustentacular  framework  into  which  the  spongioblasts  are  developed  is  ten 
the  myelosponge. 

The  numerous  germinal  cells  which  are  placed  in  the  clefts  between  the  m 
columnar  portion  of  the  myelosponge  are  the  progenitors  of  the  nerve-cells.  Mai^; 
them  show  karyokinetic  stages,  and  by  their  division  they  give  rise  to  the  neilzoUarili 
young  nerve-cells.  A  neuroblast  presents  a  very  characteristic  pearehaped  appeui^ 
From  the  body  of  the  cell  a  tapering  process  grows  out,  and  this  represents  the  ttriy  ad 
cylinder  process  or  axon  of  the  cell.  But  the  crowds  of  neuroblasts  which  are  thus  fonj 
do  not  remain  in  their  early  primitive  position  beneath  the  internal  limiting  membni 
They  migrate  outwards,  and  in  the  course  of  time  they  come  to  lie  in  the  part  of  I 
myelosponge  immediately  adjoining  the  reticular  mesh  work,  which  is  formed  by  the  <Mlj 
parts  of  the  spongioblasts.  Here  their  further  outward  migration  is  arrested.  11 
reticular  mesh  work  would  almost  appear  to  act  as  a  sieve  or  a  iilter,  which  prevents  tkf 
progress  towards  the  periphery  of  the  wall  of  the  tube.  It  offers  no  impediment  to  ti 
actively  growing  axons  of  the  neuroblasts,  however,  which  freely  enter  it  and  thread  thi 
way  through  it.  At  this  stage  the  thick  lateral  wall  of  the  neural  tube  presents  tfan 
layers,  viz. : — 

1.  An  inner  layer,  formed  by  the  columnar  part  of  the  myelosponge  forsaken  by  tl 
neuroblasts.  This  is  termed  the  ependyxnal  layer,  and  it  ultimately  resolves  itself  in 
the  layer  of  columnar  ciliated  epithelial  cells  which  lines  the  central  canal  of  the  cord. 

2.  An  intermediate  layer,  in  which  the  neuroblasts  are  present,  and  which  isafterwai 
converted  into  the  gray  matter  of  the  cord.     This  is  called  the  mantle  layer. 

3.  An  outer  layer,  formed  of  the  sponge-like  meshwork  of  the  outer  parts  of  t 
original  spongioblasts.  Into  this  the  axons  of  many  of  the  neuroblasts  are  seen  threadi 
their  way.  This  layer  is  ultimately  transformed  into  the  white  matter  of  the  cord,  i 
at  this  stage  it  may  be  termed  the  peripheral  reticular  layer. 

Alar  and  Basal  Laminae  of  the  Lateral  Wall  of  the  Neural  Tube.— Fr 

what  has  been  said,  it  must  be  evident  that  the  changes  detailed  above  are  confined 
the  thick  lateral  walls  of  the  neural  tube.  In  these  alone  do  neuroblastic  cells  ar 
whilst  the  thin  mid -dorsal  and  mid- ventral  lamina;  remain  spongioblastic  throughc 
But  whilst  these  changes  are  going  on,  the  thick  lateral  wall  begins  to  bulge  outwaidi 
an  angular  fashion,  so  as  to  widen  the  central  cavity  of  the  tube  and  become  itself,  ak 
the  line  where  the  cavity  is  widest,  demarcated  into  two  portions — a  narrow  dorsal  si 
termed  the  alar  lamina,  and  a  broader  ventral  strip  called  the  basal  lamina.     The  cti 
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Fkk  379. 

AC.       Anterior  colniuu. 

AH.      Anterior  horn  of  jjray 

matter. 
AL.       Alar  lamina. 
AMF.  Antero-median  fissure. 
AR.      Anterior  nerve-root. 


Threb  Stages  in  the  Development  of  the  Spinal  Cord  (His). 


BC. 

BL. 

E. 

GC. 

LC. 


Column  of  Burdach. 
Basal  lamina. 
Ependyma. 
Column  of  Goll. 
Lateral  column. 


MDL.  Mid-dorsal  lamina. 


MVIi.  Mid- ventral  lamina. 
PC.       Early  pOHterior  column. 
PH.      PoRteiior  horn  of  gray 

matter. 
PMF.    Postero-median  fissure. 
PR.      Posterior  nerre-root 


of  the  tube  now  appears  on  transverse  section  more  or  less  lozenge-shaped,  and  it  is  at  I 
lateral  angles  of  the  lozenge  that  this  subdivision  of  the  lateral  wall  becomes  evident 
This  subdivision  is  a  fundamental  one,  being  present  in  the  brain-part  as  well  u  ^ 


DEVELOPMENT  OF  THE  SPINAL  CORD.  473 

art  of  the  neural  tube.  By  it  the  thick  lateral  wall  is  resolved  into  two  longitudinal 
(the  alar  and  basal  laminse),  which  extend  along  the  whole  length  of  the  tube,  and 

present  definite  and  precise  relations  with  the  entering  and  emerging  roots  of  the 
IS  cranial  and  spinal  nerves.  Confining  our  attention  to  the  spinal  cord,  the  posterior 
•root  ia  seen  to  enter  the  alar  lamina,  whilst  the  anterior  nerve-root  takes  origin 
1  and  emerges  from  the  basal  lamina. 

urther  Development  of  the  Gray  and  White  Matter  of  the  Cord.— In  the 
d  part  of  the  basal  lamina  the  mantle  layer  thickens  into  a  mass,  which  is  readily 
lifted  aa  the  rudiment  of  the  anterior  horn  of  gray  matter,  and  in  this  neuroblastic 
congregate  in  much  larger  numbers  than  elsewhere.  Further,  these  neuroblastic 
»egin  to  arrange  themselves  into  groups,  and  the  axis-cylinder  processes  of  a  large 
rtion  of  them  converge  and  form  bundles  of  fibres,  which  penetrate  into  the  peri- 
1  layer,  and  finally  pierce  the  external  limiting  membrane,  to  emerge  as  the  fascicles 
anterior  nerve-roots.  Behind  the  anterior  horn  the  mantle  layer  still  remains  very 
ind  the  neuroblasts  are  few  in  number.  There  is,  therefore,  at  this  stage  no  appear- 
►f  the  posterior  horn  of  gray  matter.  Many  of  the  axons  of  the  neuroblasts  which 
jT  this  region  are  seen  curving  forwards,  and,  after  traversing  the  anterior  horn,  they 
heir  way  across  the  middle  line  in  the  mid-ventral  lamina.  In  this  manner  is  laid 
at  a  very  early  stage,  the  rudiment  of  the  anterior  white  commissure  of  the  cord. 
le  w^hite  matter  of  the  anterior  and  lateral  columns  is  gradually  established  by  axons 
irarious  neuroblasts  in  diflFerent  parts  of  the  mantle  layer,  entering  the  peripheral 
lar  layer  and  taking  a  longitudinal  course  within  it.  The  anterior  horn  is  well 
I  with  white  matter,  however,  before  the  lateral  column  takes  definite  shape. 
le  posterior  columns  of  white  matter  are  formed  in  a  totally  different  manner,  viz. 
3  introduction  into  the  cord  of  nerve-fibres  from  without.  The  fibres  of  the  posterior 
•roots  coming  from  the  spinal  ganglia  strike  the  outer  surface  of  the  alar  lamina  of 
teral  wall  of  the  neural  tube,  and,  piercing  the  external  limiting  membrane,  take  a 
udinal  course  in  the  peripheral  reticular  layer.  On  cross  section  these  fibres  first 
r  as  an  oval  bundle,  which  lies  in  the  outer  part  of  the  alar  lamina  (Fig.  379  pc). 
bundle  is  the  rudiment  of  Burdaeh's  column,  and  at  first  it  has  a  somewhat  loose 
xiou  with  the  cord ;  but  as  the  posterior  horn  of  gray  matter  gradually  takes 
,  the  bundle  in  question  increases  in  volume,  and,  changing  its  position,  comes  to  lie 
B  inner  aspect  of  the  posterior  horn.  The  column  of  GoU  gradually  assumes  form 
leu  the  tract  of  Burdach  and  the  postero-median  septum.  Later  on  the  lateral  and 
ior  columns  are  increased  in  bulk  by  the  descent  into  them  of  the  pyramidal  tracts 
the  brain. 

he  gray  matter,  in  the  first  instance,  is  chiefly  massed  in  the  basal  lamina ;  but  as 
Interior  columns  of  white  matter  begin  to  take  shape  it  extends  backward,  and  in 
Durse  of  time  the  posterior  horns  are  developed. 

he  manner  in  which  the  dendritic  processes  of  the  neuroblasts  are  developed  has 
suflSciently  described  (p.  447).  The  ensheathment,  also,  of  the  axons  by  medulla 
t?en  referred  to,  and  the  fact  that  the  diflerent  tracts  of  fibres  receive  their  medullary 
hs  at  different  periods  mentioned.  It  is  now  only  necessary  to  state  that  the  order 
relinisation  of  the  several  tracts  is  as  follows : — (1)  Fibres  of  the  anterior  nerve-roots  ; 
ract  of  Burdach ;  (3)  fibres  in  the  basis-bundles;  (4)  tract  of  Goll;  (5)  direct  cere- 
r  tract ;  (6)  tract  of  Gowers ;  (7)  pyramidal  tracts  (Kahler). 
)evelopment  of  the  Median  Fissures  and  of  the  Central  Canal.— As  the 
ior  horns  of  gray  matter  covered  by  the  anterior  columns  of  white  matter  increase  in 
the  anterior  surface  of  the  cord  on  either  side  of  the  mesial  plane  bulges  forwanls, 
;he  antero-median  fissure  is  produced  as  the  natural  result. 

'he  manner  in  which  the  postero-median  fissure  comes  into  existence  is  not  fully 
rstood,  but  the  majority  of  embryologists  believe  that  it  is  profluced  by  the  approxi- 
)n  and  fusion  of  the  walls  of  the  ]ix)sterior  part  of  the  ])riniitive  cavity  of  the  neural 

The  postero-median  septum  would  thus  appear  to  be  formed  of  spongioblastic  tissue, 
f  the  above  view  of  the  formation  of  the  postero-median  fissure  be  correct,  it  must 
ident  that  the  central  canal  of  the  cord  docs  not  represent  tlie  whole  of  the  primitive 
y  of  the  early  neural  tube,  but  only  the  anterior  portion  of  it. 

iuong  those  observers  who  do  not  hold  that  the  central  canal  and  jMwterior  fissure  have  this 
:  of  origin  the  most  prominent  is  Professor  A.  W.  Robinson,  of  IMnninghani ;  and  he  has 
ght  forward  evidence  which  seems  to  indicate  that  it  is  doubtful  if  the  fusion  of  the  walls 
e  |)o«terior  part  of  the  canal,  referred  to  ahove,  takes  place.  Certainly  the  arrangement  of 
ependymal  elements  of  the  ])ostero-me(lian  septum,  as  seen  in  the  ])reparations  of  Cajal 
V.  Lenhoeeek,  are  extremely  difficult  to  understand  on  the  fusion  theory.    They  twtv  \w  \\\vi 
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antero-posterior  direction,  whereas,  if  fusion  has  taken  place,  most  of  them  would 
transverse  arrangement,  and  thus  lie  at  right  angles  to  the  postcio-median  septum. 

THE  BRAIN  OR  ENCEPHALON. 

The  brain  is  the  enlarged  and  greatly  modified  upper  part  of  the  cerebroqun 
nervous  axis.     It  is  surrounded  bj  the  same  membranes  that  envelop  the 
cord  (viz.  the  dura  mater,  the  arachnoid  mater,  and  the  pia  mater),  and  it 
completely  fills  up  the  cavity  of  the  cranium.     So  closely,  indeed,  is  the 
capsule  moulded  upon  the  brain  that  the  impress  of  the  latter  is  almost  everywhe 
evident  upon  the  deep  surface  of  the  cranial  wall     The  relations,  therefore, 
cranium  to  brain  are  totally  different  from  those  presented  by  the  vertebral 


optic  tract 


tnrtiDcllbuItim 


OlfkcUn^y  Imltj 


Corpora  mastraHUrlA 


liOciis  perforatus  posticus 


Crua  re^br 


mxtli  uervo'^ 


Byjxiglonwl  t\mTV< 


Oiractoty  tnct 


Optic 

antieu* 

Opiie  tAct 

T«b»fr  clnemni 
Tbifiliienrt 

Fmirth  nenre 
Fifth  Dwre 

Fveial  nerve 

F^thim  Int^rtiiedia 

GlcM0o^pbai7ngwt  nerre 


B]>iiuil  eunl  (cut)  ilypogldsuil  nt-rvs 

Fio.  380.— Thb  Base  op  thb  Brain  with  the  Cranial  Nerves  attached. 

to  the  spinal  cord.  As  we  have  noted,  the  cord  occupies  only  a  part  of  its  bony 
case ;  and  there  is  not  only  a  wide  and  roomy  apace  between  the  arachnoid  mater 
and  pia  mater,  but  also  an  interval  of  some  width  between  the  dura  mater  and  the 
walls  of  the  vertebral  canaL 

Oeneral  Appearance  of  the  Brain. — When  viewed  from  above  the  brain 
presents  an  ovoid  figure,  the  broad  end  of  wliich  is  directed  l)ackwards.  It« 
greatest  transverse  diameter  is  usually  found  in  the  nei<j;hbourhood  of  that  part 
which  Ues  between  the  two  parietal  eminences  of  tho  cranium.  The  only  parts 
which  are  visible  when  the  brain  is  inspected  from  tliis  point  of  view  are  the  two 
convoluted  cerebral  hemispheres.  These  present  an  extensive  convex  surface,  which 
is  clo.sely  applied  to  the  deep  aspect  of  the  cranial  vault,  and  nre  separated  from 
each  other  by  a  deep  median  cleft,  termed  the  great  longitudinal  fisamie,  which 
extends  from  the  front  to  the  back  of  the  brain. 
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The  inferior  aspect  of  the  brain  is  usually  termed  the  "  base."  It  presents  an 
even  and  irregular  surface,  which  is  more  or  less  accurately  adapted  to  the 
Bqualities  on  the  floor  of  the  craniunL  Upon  this  aspect  of  the  brain  some  of 
\  main  subdivisions  may  be  recognised.  Thus  behind  is  seen  the  short  cylindrical 
vtion,  called  the  Imlb  or  medulla  oblongata,  through  which,  at  the  foramen  magnum, 
m  brain  becomes  continuous  with  the  spinal  cord.  The  bulb  lies  on  the  yentral 
Ifttt  of  the  cerebellum,  and  occupies  the  vallecula  or  hollow  which  intervenes 
Ikween  the  two  cerebeUar  hemispheres.  The  cerebellum  is  a  mass  of  considerable 
b  which  is  placed  below  the  hinder  portions  of  the  two  cerebral  hemispherea  It 
iflisily  recognised  on  account  of  the  closely-set,  curved,  and  parallel  fissures  which 
Diverse  its  surface  and  give  it  a  foliated  appearance.  Above  the  medulla,  and  in 
bae  connexion  with  it,  is  a  prominent  white  elevation  called  the  pons  Varolii.  Im- 
ediately  in  front  of  the  pons  there  is  a  deep  hollow  or  recess.  This  is  bounded 
hind  by  the  pons  Varohi,  on  either  side  by  the  projecting  temporal  lobe  of  the 
%bral  hemisphere,  and  in  front  by  the  orbital  portions  of  the  frontal  lobes  of  the 
ebral  hemispheres.  Passing  out  from  either  side  of  the  fore-part  of  this  recess  is 
t  deep  Sylvian  fissure  which  intervenes  between  the  pointed  and  projecting 
remity  of  the  temporal  lobe  and  the  frontal  lobe  of  the  cerebrum,  whilst  in  the 
idle  line  in  front  the  great  longitudinal  fissure,  which  separates  the  frontal 
tions  of  the  cerebral  hemispheres,  opens  into  it. 

Within  the  limits  of  this  deep  hollow,  in  the  base  of  the  brain,  two  large  rope- 
5  strands,  the  crura  cerebri,  may  be  seen  issuing  from  the  upper  aspect  of  the 
13  Varolii.  Placed  close  together  as  they  emerge  from  the  pons,  these  crura 
erge  as  they  proceed  upwards  and  forwards,  and  finally  each  disappears  by 
LUging  into  the  correspondino;  side  of  the  cerebrum.  Turning  round  the  outer 
e  of  each  cms,  where  it  enters  the  cerebrum,  a  flattened  band  termed  the  optic 
ct  may  be  observed.  These  bands  converge  in  the  fore-part  of  the  hollow,  and 
I  finally  joined  together  by  a  short  commissural  portion,  termed  the  optic  chiasma. 
e  optic  nenre  is  continued  forwards  and  outwards,  on  either  side,  from  the  cliiasma 
d  tract. 

The  crura  cerebri,  the  optic  tracts,  and   the  optic  chiasma  enclose  a  deep 

omboidal  or  lozenge-shaped  interval  on  the  base  of  the  brain,  which  is  termed 

e  interpednncular  space.     Within  the  limits  of  this  area  the  following  parts  may 

seen  as  we  pass  from  behind  forwards :  (1)  the  locus  perforatus  posticus ;  (2)  the 

rpora  mammillana :  (3)  the  tuber  cinereum  and  the  stalk  of  the  pituitary  body. 

At  its  posterior  angle,  immediately  in  front  of  the  pons  Varolii,  the  inler- 
^uncular  space  is  very  deep  and  is  floored  by  a  layer  of  gray  matter,  which  is 
erforated  by  numerous  small  apertures.  This  is  the  locus  perforatus  posticus, 
hrough  the  apertures  which  are  dotted  over  its  surface  the  small  postero-mesial 
asal  branches  of  the  posterior  cerebral  artery  enter  the  brain. 

The  corpora  mammillaria  are  two  small  wliite  pea-like  eminences  placed  side  by 
ide  in  front  of  the  locus  perforatus  posticus. 

The  tuber  cinereum  is  a  shghtly  raised  field  of  gray  matter,  which  occupies  the 
aten-al  between  the  anterior  portions  of  the  optic  tracts  in  front  of  the  corpora 
lammilhiria.  Springing  from  the  fore-part  of  the  tuber  cinereum,  immediately 
ehiud  the  optic  chiasma,  is  the  infondibulum,  or  the  stalk  which  connects  the 
ituitiiry  Ixxly  with  the  base  of  the  brain. 

Outside  the  hmits  of  the  fore-part  of  the  interpeduncular  space  there  is  on 
ither  side  a  small  depressed  triangular  field  of  gray  matter,  which  leads  outwards 
ito  the  Sylvian  fissure.  It  is  perforated  by  the  antero-mesial  and  the  antero- 
iteral  groui)s  of  basal  arteries,  and  receives  the  name  of  the  locus  perforatus 
nticns. 

General  Connexions  of  the  Several  Parts  of  the  Brain. — The  medulla 
Uongata,  the  pons  Varohi,  and  the  cerebellum  occupy  the  posterior  cranial  fossa, 
nd  they  are  separated  from  the  cerebral  hemispheres  which  lie  above  them  by  a 
•artition  of  dura  mater,  termed  the  tentorium  cerebelli.  Further,  they  surround 
cavity,  a  pcjrtion  of  the  primitive  cavity  of  the  early  neural  tube,  wliich  is  termed 
he  fourth  ventricle  of  the  brain,  and  they  all  stand  in  intimate  connexion  with 
ach  other.     The  medulla  is  for  the  most  part  carried  upwards  into  the  ^oua 
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Varolii ;  but  at  the  same  time  two  large  strands  from  its  dorsal  aspect,  termed 
restiform  bodies,  are  prolonged  into  the  cerebellum,  and  constitute  its  ill 

peduncles,  or  the  chief  bonds  of  n 
between  the  medulla  and  thei 
bellum.  The  pons  Varolii  liasl 
numbers  of  transverse  fibres  a 
ing  into  its  composition,  and 
great  majority  of  these  are  gatk 
together  on  either  side  in  the 
of  a  large  rope-like  strand, 
plunges  into  the  corresponding  b 
sphere  of  the  cerebellum,  and 
stitutes  its  middle  pednnele. 

The  cerebrum,  which  foinu 
great  mass  of  the  brain,  occupie 
anterior  and  middle  cranial  f 
and  extends  backwards  into  tli 
cipital  region  above  the  tento 
and  the  cerebellum.  Thegreatei 
of  the  cerebrum  is  formed  b; 
cerebral  hemispheres,  which 
separated  from  each  other  ii 
mesial   plane   by   the  great  1 
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Fia.  381. — ScHBMA,  showing  the  conuexious  of  the  several 
parts  of  the  brain. 


tudinal  tissure.  At  the  bottom  of  this  fissure  is  the  conras  caUosmii,  a  1 
commissural  band  which  connects  the  two  hemispheres  with  each  other, 
hemisphere  is  hollow,  the  cavity  in  its  interior  being  termed  the  lateral  veil 
of  the  brain.  Between  and  below  the  cerebral  hemispheres,  and  almost 
pletely  concealed  by  them,  is  the  inter-brain  or  diencephalon.  The  principal 
forming  this  portion  of  the  brain  are  two  large  masses  of  gray  matter,  U 
the  optic  thalami.  Between  these  is  the  third  ventricle  of  the  brain — a  deep  m 
cavity  occupying  the  mesial  plane.  The  third  ventricle  communicates  vritl 
lateral  ventricles  by  two  small  apertures,  called  the  foramina  of  Monro. 

The  cerebrum  is  connected  with  the  parts  in  the  posterior  cranial  fossa 
Varolii,  cerebellum,  and  bulb)  by  a  narrow  stalk  called  the  mid-brai 
mesencephalon.  The  mid-brain  is  built  up  of  the  crura  cerebri,  passing  froE 
pons  Varolii  to  the  cerebrum ;  the  corpora  quadrigemina,  forming  its  dorsal  part 
the  superior  cerebellar  peduncles,  proceeding  from  the  cerebellum  to  the  cerel 
It  is  tunnelled  by  a  narrow  passage,  the  aqueduct  of  Sylvius,  which  extends  l«l 
the  fourth  and  third  ventricles. 


General  Outline  of  the  Development  of  the  Brain. 

The  brain  is  developed  from  the  expanded  anterior  portion  of  the  priu 
neural  tube.  In  the  section  dealing  with  the  general  principles  of  Embryoh 
has  been  pointed  out  that  this  part  of  the  neural  tube  is  marked  ofi*  by  tw< 
strictions  into  three  primitive  cerebral  vesicles,  which  are  termed  respective! 
hind- brain  or  rhoml)encephalon,  the  mid -brain  or  mesencephalon,  and  the 
brain  or  prosencephalon. 

Hind-brain  or  Rhombencephalon. — The  hind-brain  is  the  largest  of  the 
primary  expansions  of  the  neural  tube :  indeed,  it  may  l)e  said  that  in  the  € 
stages  of  brain  development  it  is  larger  than  both  of  the  other  primary  subdiv 
taken  together.  The  portion  immediately  adjoining  the  mid-brain  is  consti 
and  is  termed  the  isthmus  rhombencepbali.  This  is  a  very  small  part,  formin 
extreme  upper  end  of  tlie  vesicle,  and  from  its  wdUs  are  developed  the  su; 
cerebellar  peduncles  and  a  thin  lamina,  which  is  stretched  across  the  middl 
between  them,  called  the  valve  of  Vieussens  or  the  8ui)erior  medullary  n 
Immediately  behind  the  isthmus  the  hind-brain  expands  suddenly,  and  then  6 
and  gradually  tapers  as  it  passes  downwards  towards  the  spinal  cord  part  c 
neural  tube.     Its  junction  with  the  latter  is  very  early  indicated  by  a  sharp 
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the  tube,  which  is  termed  the  cervical  flexure.  The  large  portion  of  hind-brain 
ich  extends  from  the  isthmus  to  the  cervical  flexure  is  usually  considered  as 
Dg  compoeed  of  two  parts^  viz.  an  upper  portion,  termed  the  metencephalon,  and 
inferior  x>ortion,  called  the  myelencephalon. 

From  the  metencephalon  are  derived  the  cerebellum  and  pons  Varolii.  The 
ebellum  arises  by  a  thickening  of  the  dorsal  wall  of  this  portion  of  the  vesicle, 
list  the  pons  is  formed  by  a  thickening  of  the  lateral  and  ventral  walls.     The 
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Fig.  382. — Two  Stages  in  thb  Development  of  the  Human  Brain  (after  Hin). 
A.  Brain  of  an  embryo  of  the  third  week.     B.  Braiu  of  an  embryo  of  five  weekB. 

telencephalon  gives  origin  to  the  bulb  or  medulla  oblongata.  This  is  chiefly 
•med  by  a  thickening  of  the  lateral  walls  of  this  part  of  the  vesicle.  These  fall 
ay  from  each  other  in  an  outward  direction,  and  thus  the  ventral  angle  between 
em  becomes  greatly  opened  up.  The  growth  which  leads  to  the  formation  of  the 
lb  appears,  therefore,  to  take  place  chiefly  on  the  ventral  aspect  of  the  vesicle, 
le  dorsal  wall  remains  thin  and  epithelial,  and  undergoes  Uttle  or  no  development 
to  nervous  elements. 

The  cavity  of  the  original  hind-brain  is  retained  in  the  adult  brain  as  the  fourth 
mtricle ;  and  from  what  has  been  said  regarding  the  development  of  the  different 
)rtions  of  the  wall  of  the 
timitive  hind-brain,  it  will 
e  Keen  that  in  its  lower  or 
leiluUary  part  its  dorsal 
rail  or  roof,  to  a  large 
itent,  remains  epithelial. 

The  jsirts  of  the  adult 
•rain  which  are  derived 
rom  the  rhombencephalon 
T  hind -brain  are  those 
rhich  he  below  the  ten- 
orium  cerel>elli  in  the 
•osterior  cranial  fossa  of 
he  skull. 

Mesencephalon  or 
Hid-brain. — The  mid-brain  takes  a  much  more  prominent  part  in  the  forma- 
ion  of  the  early  primitive  brain  than  it  does  in  tlie  construction  of  the  adult 
)rain.  It  forms  a  very  small  part  of  the  adult  brain,  and  constitutes  a  stalk  of 
:onne.xion  between  the  parts  which  are  developed  from  the  walls  of  the  rhoniben- 
x'phalon  and  those  wliich  are  develoi)ed  from  the  walls  of  the  prosencephalon 
jr  fore- brain.  The  entire  wall  of  the  mid-brain  is  transformed  into  nervous 
tissue.  Thus,  by  the  special  development  of  the  dorsal  section  of  the  wall,  the 
corpora  quadrigemina  are  formed.  The  lateral  and  ventral  sections  of  the  wall 
undergo  a  still  more  marked  degree  of  growth-thickening,  and  the  result  is  the 
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Fio.  383.— Two  Cross  Sections  through  the  Fore-Brain. 

A.  Through  the  fore-brain  of  the  early  human  embryo.  B.  Through 
the  fore-brain  and  optic  vesicles  of  a  Lepidosteus  embryo  of  eight 
days  (after  Balfour  and  Parker,  moditicd). 
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1  jrmation  of  the  two  crura  cerebri.  The  cavity  of  the  mid-brain  is  retaibec 
narrow  passage  termed  the  aqueduct  of  Sylvius,  which  connects  the  third  v< 
of  the  brain  with  the  fourth  ventricle. 

Prosencephalon  or  Fore-brain. — In  its  early  condition  one  of  the  . 
peculiarities  of  the  fore-brain  is  its  great  width.  It  extends  outwards  on 
side  for  a  considerable  distance  beyond  the  lateral  walls  of  the  mid- brain, 
lateral  expansions  of  the  fore-brain  are  the  optic  vesicles,  and  at  this  stage  the; 
no  way  constricted  off  from  the  central  part  of  the  cavity  (Fig.  383).  Soon,  h( 
the  central  portion  of  the  fore-brain  begins  to  expand  upwards  and  forwards, 
the  terminal  portions  of  the  optic  vesicles  likewise  undergo  enlargement ;  a 
result  is,  that  the  originally  single  chamber  shows  subdivision  into  thiee 
viz.  a  central  portion  or  fore-brain  proper,  and  two  expanded  optic  vesicles, 

are  joined  to  the 
parts  of  the  lateral  i 
of  the  fore-brain  pre 
two  short  const: 
tubular  passages  I 
the  optic  stalks. 

The  optic  vesicl 
the  optic  stalk  becoD 
ma  tely  transformed  i 
retina  of  the  eye-bj 
the  optic  nerve, 
changes  which  lead 
result  are  detailed 
section  dealing  wil 
anatomy  of  the  or 
vision. 

The  fore-brain 
goes  a  series  of  renu 
developmental  chan] 
most  striking  of  w 
the  formation  of  th 
bral  hemispheres 
terminal  or  fore-poi 
the  fore-brain,  in  tl 
instance,  expands  ii 
ward  and  downwarc 
tion,  and  from  the 
and  lateral  aspects 
new  portion  of  the 
thus  formed  the  c 
hemispheres  bulgeoi 
in  the  form  of  two 
pouches.  The  1 
original  part  of  th 
brain  is  termed  th 
mamencephalon  or 
cephalon,   whilst    t] 


Fig.  384.— -Thb  Brain  op  a  Human  Embrto  in  the  Fifth  Week 
(from  His). 

A,  Brain  an  seen  in  profile.     B,  Mesial  section  through  the  same  brain. 

M,  Mammillary  eminence ;  Tc.  Tuber  cinereum ;  Hp,  Hypophysis 
(pituitary  diverticulum  from  buccal  cavity)  ;  Opt,  Optic  stalk  : 
TH,  optic  thalamus  ;  Tg,  Tegmental  part  of  mesencephalon  ;  Ps, 
Pars  subthalamica  ;  Cs,  Corpus  striatum  ;  FM,  Foramen  of  Monro  ; 
U  Lamina  terminalis  ;  RO,  Recessus  opticus  ;  Ri,  Recessus  infun- 
dibuli. 


terior  part  with  the  cerebral  hemispheres,  which  protrude  out  from  it,  recei 
name  of  telencephalon. 

The  side  walls  of  the  diencephalon  become  thickened  into  the  two  large 
of  gray  matter  termed  the  optic  thalami ;  the  floor  or  ventral  wall  develc 
those  structures  which  occupy  the  interpeduncular  space  in  the  base  of  th 
(viz.  the  posterior  perforated  spot,  the  corpora  mammillaria,  and  the  tuber  cine 
whilst  the  roof  or  dorsal  wall  remains  thin  and  epithelial,  and  underj 
nen'^ous  development. 

The  hollow  cerebral  hemispheres  soon  outstrip  all  the  other  parts  of  th 
in  their  development.     They  expand  not  only  in  an  upward  and  forward  di; 
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ly  in'a  backwanl  direction;   and  by  their  excsessive  growth  backward^ 
dually  come  to  overlie   the  diencephalon,   the  mesencephalon,  and  at 

parte  derived  from  the  rhombencephalon.     It  thus  comes  about   that, 
J  adult  brain  is  viewed  from  above  nothing  but  the  cerebral  hemispheres 
e — all  the  other  parts  of  the  brain  lie  under  cover  of  them, 
ret  the  cavity  of  each  cerebral  hemisphere  is  connected  with  the  cavity 
»nt  portion  of  the  fore-brain  by  an  exceedingly  short  but  relatively  wide 

This  is  the  early  condition  of  the  foramen  of  Monro.  The  fore-part  of 
^rain  is  now  seen  to  be  bounded  in  front  between  the  two  hollow  cerebral 
re-jwuches  by  a  narrow  thin  strip,  which  represents  the  extreme  anterior 
le  neural  tube,  and  consequently  it  receives  the  name  of  lamina  teiminalis. 
,y  of  the  fore-brain  not  only  in  its  hinder  diencephalic  part,  but  also  in 
or  telencephalic  part  (i.e.  the  part  from  which  the  cerebral  hemispheres 
,  persists  as  the  third  ventricle  of  the  brain,  whilst  the  cavities  of  the 

cerebral  hemispheres  are 
ed  in  the  adult  by  the 
intricles  of  the  brain.     The 

of  Monro,  relatively  much 
in  size,  are  preserved  as 
throats    of    communication 

the  lateral  ventricles  and 
I  ventricle.  The  olfactory 
e    formed    as    hollow    out- 

from    the    cerebral    hemi- 
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Fio.  385. — Profilb  Vibw  of  the  Brain  of  a  Human 
Embryo  op  Ten  Weeks  (His). 

The  various  cranial  nerves  are  indicated  by  numerals. 

A,  Cerebral  diverticulum  of  pituitary  body.     B,  Buccal 
diverticulum  of  pituitary  body. 


ires  of  the  Brain-tube.— 

r  early  period,  and  while  the 

detailed  above  are  being 
0,  the  cerebral  portion  of  the 
ube  becomes  sharply  bent 
elf  at  certain  points.  The 
:ure  which  occurs  is  the 
cephalic  flexure.  It  occurs 
3gion  of  the  mesencephalon, 
lives  the  entire  head.  The 
1  becomes  bent  in  a  ventral 

round  the  fore-end  of  the 
i  and  the  fore-gut,  until  the 
5  of  the  fore-brain  forms  an 
gle  with  the  long  axis  of 
-brain  and  the  ventral  wall 
ae  comes  to  lie  nearly  parallel  with  the  corresponding  wall  of  the  other. 

this  curv^ature  the  mid-brain  is  considerably  modified  in  form,  and  for  a 
mes  to  occupy  the  most  prominent  and  foremost  part  of  the  embryonic  head, 
primary  cephalic  flexure  is  soon  followed  by  the  cervical  flexure.  This 
;  the  junction  of  the  hind-brain  with  the  spinal  cord.  Here  the  entire 
en t  in  a  ventral  direction,  and  at  the  end  of  the  fifth  week  the  flexure  is 
meed  that  the  cerel)ral  and  spinal  cord  portions  of  the  neural  tube  meet 
er  at  a  riglit  angle  (Fig.  385).  In  the  later  stages  of  development  the 
iexure  becomes  oljiterated  by  the  elevation  of  the  head  and  the  straighten- 
e  neck  of  the  embryo. 

third  bend  takes  place  in  the  region  of  the  future  pons  Varolii  (meten- 
),  and  is  consequently  termed  the  pontine  flexure.  It  differs  from  the 
cures  in  being  confined  to  the  brain  tube  and  in  not  in  any  way  involving 
e  head.  Further,  tlie  bend  is  much  more  marked  in  the  thick  ventral 
I  in  the  thin  dorsal  wall  of  the  tube.  The  neural  tube  is  doubled  forwards 
and  the  pons  Varolii  becomes  developed  in  connexion  with  the  summit  of 
ature.  In  the  further  growth  of  the  brain  the  pontine  flexure  becomes 
)mpletely  obliterated. 
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By  reason  of  these  curvatures  the  early  brain  assumes  a  sinuous,  zig 
S-shaped  outline  when  viewed  from  the  side,  and  the  relationship  of  its  \ 
parts  becomes  materially  altered.  The  essential  factor  at  work  in  the  prod 
of  the  brain  flexures  is  clearly  the  very  unequal  growth  which  takes  pi 
different  parts  of  the  cerebral  wall 

Basal  and  Alar  Laminae  of  His. — It  has  been  pointed  out  that,  i 
development  of  the  spinal  cord,  each  of  the  thick  lateral  walls  of  the  neurs 
is  marked  off  into  a  dorsal  or  alar  and  a  ventral  or  basal  lamina.  This  subdi 
is  also  noticeable  in  the  cerebral  part  of  the  neural  tube,  and  the  furrow  < 
inner  aspect  of  the  lateral  wall,  which  indicates  this  subdivision,  can  be 
even  in  the  adult  brain  throughout  a  considerable  part  of  its  length. 

In  the  spinal  cord  the  motor  cells  are  gathered  in  the  basal  lamina  in  m 

less  contii 
J±IP  v^  colunma 

""  "  brain    the 

spending 
from  whic 
efferent  fit 
the  cranial 
are  given  < 
also  placed 
the  basal  1 
but  they  j 
ranged  diffe 
They  are  co 
together  i 
connectede 
termed  the 
nuclei,  an( 
do  not  e 
higher  up 
the  mid- 
No  motor 
occur  in  th 
brain,  h 
the  import) 
the  bsrsal 
diminishes 

H,  Buccal  part  of  pituitary  body  ;  RL,  Olfactory  lol)e  ;  C.Str,  Corpus  striatum  ;  paSS  f  roi 
A,  Entrance  to  optic  stalic  ;  0,  Optic  recess  ;  I,  Infundibular  recess ;  T,  Tuber  lowerto  the 
cinereum  ;  M.  Mammillarv  eminence.  _    , 

parts  of  the 
In  the  rhombic  or  hind-brain  the  greater  part  of  the  medulla  oblongata 
the  pons  Varolii  is  formed  from  the  basal  laminae,  whilst  the  cerebellum,  v 
superior  and  inferior  cerebellar  peduncles,  is  derived  from  the  alar  lamin; 
the  mid-brain  the  crura  cerebri  are  the  derivatives  of  the  basal  laminse,  whi 
corpora  quadrigemina  are  developed  from  the  alar  laminae.  In  the  fore-bn 
subthalamic  region  and  the  optic  vesicles  are  products  of  the  growth  of  th 
laminae,  whilst  the  optic  thalami  and  cerebral  hemispheres  spring  from  tl 
laminae. 

The  fact  that  the  cerebellum  and  the  cerebral  hemispheres  owe  their 
to  the  alar  laminae  is  sufficient  to  show  the  predominant  part  which  these  1 
play  in  brain  development,  and  the  higher  we  ascend  in  the  animal  scale  th 
pronounced  does  this  predominance  become. 

The  following  table  gives  a  summary  of  the  various  developmental  pr 
which  have  been  described  in  the  foregoing  pages : — 


Fig.  386. — Diagrams  to  illustrate  the  Alar  and  Basal  Laminjs.     In  both 
cases  the  embryonic  brain  is  represented  in  mesial  section  (His). 

A.  The  different  subdivisions  of  the  brain  are  marked  off  from  each  other  by  dotted 
lines,  and  the  dotted  line  running  in  the  long  axis  of  the  neural  tube  indicates  the 
separation  of  the  alar  from  the  basal  lamima  of  the  lateral  wall. 

B.  Mesial  section  through  the  brain  of  a  human  embryo  at  the  end  of  the  first 
month.  Dotted  lines  mark  off  the  different  regions  and  also  the  alar  and  basal 
laminae  from  each  other. 
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balon 


^in 


Rbombencephalon 

or 

Hind-brain 

(poeterior  cerebral 

vesicle) 


Mesencephalon 

or  Mid-brain 

(middle  cerebral 

ve&icle) 


Prosencephalon 

or  Fore-brain 

(anterior  cerebral 

vesicle) 


Myelencephalon 


Metencephalon 

Isthmus  rhombencephali 

(narrow  constricted  part 

immediately  adjoining 

the  me^sencephalon) 

Mesencephalon 

or 

Mid-brain 


Thalaniencephalon 

or 

Diencephalon 


Telencephalon 


f  Bulb  or  medulla  oblongata 

i  Lower  part  of  the  fourth  ven- 

l     tricle 

rCerelH-'llum 

J  Pons  Varolii 

I  Upper  part  of  the  fourtli  veii- 

^     tricle 


I.Superior  cerebellar  peduncles 
1  Valve  of  Vieussens 


(Corpora  ( 


quadrigemina 
I  Crura  cerebri 
1^ Aqueduct  of  Sylvius 

'Optic  thalanii 

Subthalamic  tegmental  regions 

Pituitary  and  pineal  bodies 

Structures  in  interj)eduncular 
8})ace 

Optic  nerve  and  retina 

Hinder  part  of  the  third  ven- 
tricle 

Cerebral  hemispheres 

Olfactory  loljes 

Lateral  ventricles 

Foramina  of  Monro 

Anterior  j)ortion  of  the  third 
ventricle 


THE  PARTS  OF  THE  ENCEPHALON  DERIVED  FROM  THE 

HIND-BRAIN. 


MEDULLA  OBLONGATA  OR  BULB. 

he  medulla  oblongata  or  bulb  is  the  coutiuuation  upwards  of  the  spinal  cord. 
not  more  than  one  inch  in  length,  and  it  may  be  regarded  as  beginning  at  the 
ssation    of    the 

^  ,  VV  J^S- (iptlc  nerve 

OjtUc  L-biaama^  ^_ ^-^^^  T  * 

Uplic  trai'L 


imidal    tracts, 

h     takes    place 

t    the    level    of 

>ranien  magnum. 

a  this  it  proceeds    corpu*  t^j^nitiiiaiutii 

irds   in    a    ver}' 

ly  vertical  direc- 

and  ends  at  the 
r  liorder  of  the 
I  Varolii.  At  first 
;irth  is  similar  to 

of  the  cord,  but 
tpidly  expands  as 
pproaches  the 
8,  and  conse- 
itly  it  presents  a 
e  or  less  conical 
L  Its  ventral 
ace    lies    behind 

grooved  surface 
16  basilar  portion 
he  occipital  bone, 
Ist  its  dorsal  sur- 

18  sunk  into  the  vallecula  of  the  cerebellum.  The  medulla  olJongata  is  a 
teral  structure,  and  this  is  indicated  on  the  surface  by  a  continuation  upwards 
be  antero-median  and  ])ostero-me(liau  fissures  of  the  cord  on  the  ventml  and 
al  aapects  of  the  medulla. 


Cori»oa  geniciiljilQiii 
cstlortiiitii 


Uit«<riiiiTiii 
poiitit:ua 


of  the  oiT^b^Uiiini 


Uentlftma  body 
Oh 

Anteriur  MifH.>rlkyil 
areiiaLc:  tlfbirpH 

De^iissntioD  af. 
pyramid  pi. 


nfutMtibuluin 

TulwrTiiu'reuiii 

rfriij.i  marainillariii 

M;,r.(M(>tor  nnrve  (III  ) 

Trorblf-ar  nerve  (IV.) 
vvJTitliii^r  round  the  crtis 
ctTi-bri 

TrljCHTii^nal  nerve  (V.) 

Abiluctint  nerve  (VI.) 
HifSal  nerve  (VII.) 
Ait4itc»iy  nerve  (VIII.) 

Vrtt^nch^;  1  p)8.sophary  nj:»'al 
ijiTWtlX.  and  X.) 

U]rpr]^li>sMa] 
ni;r\e(XII.) 

_8jilti(il  iicce.s.s«»ry 
nervt'  (XI.) 

Klrst  rrfviral  nervo 


Fn;.  387.  — Front  View  ok  the  Medulla,  Po.ns,  and  Mesencei'halon  of' 

FULL-TIME    HUMA.N     F<FTU8. 
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The  antero-median  groove  (fissura  mediana  anterior),  as  it  passes  from  the  < 
on  to  the  medulla,  is  interrupted  at  the  level  of  the  foramen  magnum  by  i 
strands  of  fibres,  which  cross  the  mesial  plane  from  one  side  to  the  other. 
intercrossing  is  termed  the  decussation  of  the  pyramids.     Above  this  levd  i 
furrow  is  carried  upwards  to  the  lower  border  of  the  pons,  but  is  often 
very  shallow  by  numerous  sui)erficial  arcuate  fibres  which  emerge  upon  the  i 
between  its  lips  and  then  curve  outwards  to  reach  the  hinder  part  of  the  meda 
At  the  lower  margin  of  the  pons  Varolii  it  expands  slightly  and  ends  in  a  blmii 
wliich  receives  the  name  of  tlie  foramen  csBcum  of  Vicq  d'Azyr.     The] 
fissure  (fissura   mediana   posterior)  is   only   carried  up  on  the  lower  half  i 
medulla.     As  it  ascends  it  rapidly  becomes  shallower,  and,  halfway  up,  the  ( 
canal  of  the  cord  opens  on  the  dorsal  surface  of  the  medulla.     At  this  point  J 
lips  of  the  postero-median  fissure  are  thrust  apart  from  each  other  and  con 
the  boundaries  of  a  triangular  field,  which  is  thus  opened  up  on   the  dorsal 
of  the  medulla.     This  triangular  field  is  the  lower  part  of  the  fossa  rhomb 
or  the  floor  of  the  fourth  ventricle  of  the  brain.     Tlie  lower  half  of  the  medi^ 
containing  as  it  does  the  continuation  of  the  central  canal  of  the  cord,  is  freqne 
termed  the  closed  part  of  the  medulla ;  the  upper  half,  above  the  opening  <  ~ 
canal,  which  by  its  dorsal  surface  forms  the  lower  part  of  the  floor  of  the  foi 
ventricle,  is  then  called  the  open  part  of  the  medulla. 

Deferring  for  the  present  the  examination  of  the  medullary  part  of  the 
of  the  fourth  ventricle,  the  appearance  presented  by  the  surface  of  each 
the  medulla,  from  the  antero-median  fissure  in  front  to  the  postero-median  1 
and  the  lateral  limit  of  the  floor  of  the  fourth  ventricle  ])ehind,  may  now  < 
our  attention.     In  the  spinal  cord  the  corresponding  surface  area  is  divided 
three  districts  or  columns  by  the  emerging  motor  roots  and  the  entering 
roots  of  the  spinal  nerves.     Of  these  the  latter  enter  along  the  bottom 
postero-lateral  groove,  whilst  the  motor  fascicles  are  spread  over  a  relatively  1 

surface  area  and 
no  groove  in  con 
with  their  erne  _ 
from  the  cord.  In 
case  of  the  medn 
corresponding  rows 
nerve  -  fascicles 
and  emerge  from 
surface  of  each 
The  efferent  feaddflli 
are  the  root- bundles c 
the  hypoglossal  neni^'j 
and  they  carry  up  tte  j 
line  of  the  anterior ' 
nerve-roots  of  the  ooi  ' 
In  one  respect,  however, 
they  differ:  they  emeige 
in  linear  order  and  along 
the  bottom  of  a  dis- 
tinct furrow,  termed  the 
antero  -  lateral  ftinov, 
which  proceedsupwards 
on  the  surface  of  the 
medulla.  The  fascicles 
which  carry  up  the  lioe 
of  the  posterior  nerve- 
roots  on  the  surface  of 
the  medulla  are  the  root-bundles  of  the  spinal  accessory,  the  vagus,  and  the  gloaso- 
pharyngeal  nerves.  These  are  attached  alon;^  the  bottom  of  a  furrow  which  is  the 
direct  continuation  upwards  of  the  postero-lateral  furrow  of  the  cord,  and  therefore 
receives  the  name  of  the  postero-lateral  fturow  of  the  medulla.      The  root-bundles 
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Fiu.  3vS8.— Back  View  of  the  Medulla,   Pons,  and  Mesencephalon  of 

A    FULL-TIME    HuMAN  FcETUS. 
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nerves  differ,  however,  in  so  far  that  they  are  not  all  composed  of  afferent 
^springing  from  ganglionic  cells  placed  without  and  entering  the  medulla. 
of  them  are  purely  efferent  (spinal  accessory  roots),  whilst  others  likewise 
Itaii^a  considerable  number  of  efferent  fibres,  and  are  therefore  to  be  regarded 
I  mixed  roots. 

By  tlie  postero-lateral  and  the  antero-lateral  grooves,  and  also  by  the  two  rows 
f  nerve  fascicles  attached  along  the  bottom  of  these  furrows,  the  surface  of  the 
edulla  onveach  side  is  divided  into  three  districts,  viz.  an  anterior,  a  lateral,  and  a 
■terior,  similar  to  the  surface  areas  of  the  three  columns  on  the  side  of  the  cord. 
kdeed,  at  first  sight,  they  appear  to  be  a  direct  continuation  upwards  of  these  three 
■rtions  of  thje  cord ;  this  is  not  the  case,  however,  because  the  fibres  of  the  three 
Inmns  of  the  cord  undergo  a  rearrangement  as  they  proceed  upwards  into  the 
DduUa. 

Anterior  Area  of  the  Medulla — Pyramid  (pyramis). — The  district  between 
le  antero-median  fissure  and  the  antero-lateral  furrow,  along  the  bottom  of 
(kich  the  root-fascicles  of  the  hypoglossal  nerve  issue  from  the  medulla,  receives 
ke  name  of  the  pyramid.  An  inspection  of  the  surface  is  sufficient  to  show 
lat  the  pyramid  is  composed  of  a  compact  strand  of  longitudinally  directed 
nrve-fibres.  Tapering  below,  it  expands  and  assumes  a  prominent  appearance 
;  it  is  traced  upwards,  and,  finally  reaching  the  lower  border  of  the  pons  Varolii, 
.  becomes  slightly  constricted  and  disappears  from  view  by  plunging  into  that 
ifTtion  of  the  brain.  The  two  pyramids,  separated  from  each  other  by  the  antero- 
median furrow,  are  the  great  motor  strands  of  the  medulla. 

Although  the  pyramid  at  first  sight  appears  to  be  continuous  with  the  anterior 
dumn  of  the  cord,  only  a  very  small  pro- 
ortion  of  the  fibres  contained  in  the  latter 
re  derived  from  the  pyramid.  This  at  once 
Bcomes  manifest  when  the  lips  of  the 
Btero-median  fissure  are  thrust  apart  at  the 
laoe  of  junction  between  the  cord  and  the 
ledulla.  The  pyramid  is  then  seen  to  divide 
t  this  level  into  two  parts,  viz.  a  small 
lortiou  composed  of  a  variable  number  of 
he  outermost  fibres  of  the  pyramid,  termed 
,he  direct  pyramidal  tract,  and  a  much  larger 
xirtion  situated  next  the  antero- median 
iflBure,  called  the  crossed  pyramidal  tract. 
Ihe  direct  pyramidal  tract  is  continued  down 
into  the  anterior  column  of  the  cord,  and 
in  this  it  takes  up  a  mesial  position  next 
the  antero-median  fissure.  The  crossed  pyra- 
midal tract  is  broken  up  into  three  or  more 
coarse  bundles,  which  sink  backwards  and  at 
the  same  time  cross  the  mesial  plane,  to  take 
up  a  position  in  the  posterior  part  of  the 
opposite  lateral  column  of  the  cord.  The 
term  decussation  of  the  pyramids  (decussatio 
pyramidum)  is  applied  to  the  intercrossing 
of  the  corresponding  bundles  of  the  crossed 

pyramidal  tracts  of  opposite  sides.  Fio.  389.— 1)ia<;ham  ok  the  Declssation  ok 

The  direct  pyramidal  tract  is,  therefore,  the  PYKAMiDs(inodiHe.i  from  van  Gehuchten). 
the  only  part  of  the  pyramid  which  has  a  ^'W-  Nudeus  hypo^fiossi;  nv,  Va^'o-giosso- 
place  in  the  anterior  column  of  the  cord.  tZ'^^:'^:^^ ^,^"'"'-  '"' 
The  much  larger  part  of  this  column,  termed 

the  anterior  basis-bundle,  as  it  is  traced  up  into  the  medulla  is  seen  to  be 
thnist  aside  by  the  decussating  bundles  of  the  crossed  pyramidal  tract.  It  thus 
comes  to  occupy  a  deep  position  in  the  substance  of  the  medulla  behind  and  to  the 
(mter  aide  of  the  pyramid. 
Lateral  Area  of  the  Medulla. — This  is  the  district  on  the  surface  of  the  uiQdwll^u 
35a 
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which  is  included  between  the  two  rows  of  nerve-roots,  viz.  the  hypoglossal  rooiij 
front,  and  the  root-bundles  of  the  spinal  accessory,  the  vagus,  and  the    " 
pharyngeal  nerves  behind.     It  presents  a  very  dififerent  appearance  in  its  uppers 
lower  i>arts.     In  its  lower  portion  it  simply  appears  to  be  a  continuation  up 
of  the  lateral  area  of  the  cord  ;  in  its  upper  part  a  striking  oval  prominence  1 
out  on  the  surface  of  the  medulla,  and  receives  the  name  of  the  oliyaiir  emiiMi 

The  lower  part  of  this  district,  however,  is  very  far  from  being  an  exact  ( 
part  of  the  lateral  column  of  the  cord.     The  large  crossed  pyramidal  tract  iti 
longer  present,  seeing  that  it  forms  in  the  medulla  the  greater  part  of  the  py 
of  the  opposite  side.     Another  strand  of  fibres,  viz.  the  direct  cerebellar  i 
prolonged   upwards  in    the   lateral  column   of  the  cord,  gradually   leaves 
portion  of  the  meduUa.     This  tract  lies  on  the  surface,  and  is  frequentlf  ^ 
to   the   naked  eye   as  a   white   band,  which   inclines  obliquely  backwaidi 
the  posterior  district  of  the  medulla  to  join  its  upper  part,  or  in  other  words  t 
restiform  body.     The  remainder  of  the  fibres  of  the  lateral  column  of  the 
comprising  the  lateral  basis-bundle  and  the  tract  of  Gowers,  are  continued  up 
in  the  lateral  area  of  the  medulla,  and  at  the  lower  border  of  the  olive  the  ] 
of  these  fibres  disappear  from  the  surface  by  dipping  into  the  substance  of  I 
medulla  under  cover  of  that  projection.     A  small  proportion  of  the  fibres,  hoi 
ever,  are  retained  on  the  surface  and  travel  upwards  towards  the  pons  in  the  intent 
which  exists  between  the  hinder  border  of  the  olive  and  the  roots  of  the  vagus  a 
glosso-pharyngeal  nerves. 

The  olivary  eminence  (oliva)  is  a  smooth  oval  projection  which  bulges  out  bo 
the  upper  part  of  the  lateral  area  of  the  medulla.  Its  long  axis  is  vertical  and 
about  half  an  inch  long.  It  marks  the  position  of  the  subjacent  inferior  dttn 
nucleus,  a  flexuous  lamina  of  gray  matter  (nucleus  olivaris  inferior),  which  is  oi 
separated  from  the  surface  by  a  very  thin  layer  of  superficial  white  matter. 

Posterior  Area  of  the  Medulla. — In  its  lower  half,  this  district  is  bound 
behind  by  the  postero-median  fissure,  and  in  its  upper  half  by  the  lateral  Diai| 
of  the  medullary  part  of  the  floor  of  the  fourth  ventricle  of  the  brain.     In  fa 
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it  is  separated  from  the  lateral  area  by  the  row 

the   spinal 

pharyngeal  nerves.  As  in  the 
area,  we  recognise  a  lower  portion  and 
upper  portion,  which  appear  continw 
but  in  reality  are  almost  quite  distil 
from  each  other. 

The  lower  part  of  the  posterior  ai 
corresponds  more  or  less  closely  with  1 
posterior  column  of  the  cord.  In  t 
cervical  part  of  the  cord  the  postei: 
column  is  divided  by  the  paramedi 
septum  of  pia  mater  into  an  inner  oolui 
of  GoU  and  an  outer  column  of  Burdu 
These  are  prolouged  upwards  into  1 
medulla,  and  in  the  lower  part  of  t 
posterior  area  they  stand  out  distinct 
and  are  separated  from  each  other  bj 
continuation  upwards  from  the  cord  of  1 
paramedian  groove.  In  the  medulla  1 
inner  of  these  strands  is  called  the  ftmieii 
gracilis,  whilst  the  outer  one  is  designs 
the  funiculus  cuneatus.  Each  of  tl 
strands,  when  it  reaches  the  level 
the  lower  part  of  the  floor  of  the  fou 
ventricle,  ends  in  a  slightly  expan* 
bul})Ous  prominence.  The  swollen  extremity  of  the  funiculus  gracilis  is' called 
clava.  This  is  thrust  aside  from  its  neighbour  of  the  opposite  side  by  the  open 
up  of  the  meduUa  to  form  the  floor  of  the  fourth  ventricle,  and  the  central  eana 
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ttpens  on  the  surface  in  the  angle  between  the  two  clavpe.     The  bulbous 

•he  fasciculus  cuneatus  receives  the  name  of  the  cuneate  tubercle  (tuberculum 

m),  but  it  is  only  in  the  foital  or  very  young  brain  that  it  is  well  marked. 

3  elongated  prominences  formed  on  the  surfacj  of  the  medulla  by  these  two 

s  and  their  enlarged  extremities  are,  in  a  great  measure,  due  to  the  presence 

I  elongated  nuclei  or  collections  »»f  gray  matter  which  make  their  appearance 

cent  to  the  strands,  and  which  gradually  increase  in  bulk  as  they  are  tniced 

ixds.     These  are  termed  resi)ectively  the  gracile  (nucleus  funiculi  gracilis)  and 

ate  (nucleus  funiculi  cuneati)  nuclei,  and  it  can  be  etisily  shown  that  as  the 

'  matter  increases  in  quantity  the  fibres  of  the  two  corresponding  strands 

inish  in  number  by  coming  to  an  end  in  connexion  with   the   cells  of  the 

jacent  nuclei.     Indeed,  it  is  doubtful  if  any  of  the  fibres  of  the  gracile  and 

leate  strands  extend  upwards  beyond  these  nuclei. 

But  a  third  longitudinal  elevation  is  also  apparent  on  the  surfac  >  of  the  lower 
rt  of  the  posterior  area  of  the  medulla.     This  is  placed  on  the  outer  side  of  the 
aiculus  cuneatus — between  it  and  the  posterior  row  of  nerve-roots — and  it  has 
>  counterpart  in  the  posterior  column  of  the  cord.     It  is  called  the  foniculus  of 
olaado,  liecause  it  is  produced  by  the  substantia  gelatinosa  Solandi,  which  caps  the 
osterior  honi,  coming  close  to  tlie  surface  and  forming  a  bulging  in  this  situation. 
.Tie  funiculus  of  Rolando  is  wedge-shrtj)ed  in  outline.     Extremely  narrow  below,  it 
ridens  as  it  is  traced  upwards,  and  finally  ends  in  an  ex|)andud  extremity  called 
ihe  tabercle  of  Bolando  (tuberculum  Eolandi).     A  thin  layer  of  white  matter,  com- 
posed of  longitudinally  arranged  fibres,  is  sprciid  over  this  district,  and  separates  the 
•obstantia  Rolandi  from  the  surface.     These  fibres  constitute  the  spinal  root  of  the 
fifth  or  trigeminal  nerve,  which  here  assumes  a  superficial  position  as  it  descends 
m  the  medulla. 

The  restifonn  body  (corpus  restiforme)  forms  the  upper  part  of  the  posterior 

area  of  the  medulla.     It  lies  between  the  floor  of  the  fourth  ventricle  and  the 

toots  of  the  vagus  and  glosso-pharyngeal  nerves.     It  is  a  large  and  ])rominent 

rope- like  strand,  which  inclines  upwards  and  outwards,  and  then   finally   takes 

a  turn  backwards  and  enters  the  cerebellum.     It  forms  the  great  link  of  connexion 

between    the   cerebellum   on   the   one   hand   and   the   medulla   and   spinal  cord 

on  the  other,  and  consequently  it  als<j  receives  the  name  of  the  inferior  cerebellar 

peduncle.     At  the  same  time  it  must  be  understood  that  it  is  not  formed  l)y  fibres 

which  are  prolonged  into  it  from  the  funiculus  cuneatus  and  funiculus  gracilis 

of  the  medulla.     It  is  true  that  a  surface  inspection  of  the  medulla  might  very 

natur.iUy  lead  the  observer  to  this  supposition,  beciiuse  there  is  no  sharp  line  of 

demarcation  marking  it  off  from  the  tubercles  of  these  strands.     Such  a  conclusion, 

however,  would  be  altogether  erroneous,  because  it  would  appear  that  none  of  the 

tihres  of  the  posterior  columns  of  the  cord  are  carriod  In^yond  l\w  gracile  and  cuneate 

nuclei  of  the  medulla.     A  study  of  the  surface  of  the  medulla  yields  some  ini])ortant 

information  regarding  the  constitution  of  the  rcstiform  body.     Thus   the  direct 

cerebellar  tract  from  the  lateral  column  of  the  cord  can  be  traced  into  it,  and  large 

numljers  of  tibres  which  take  a  curved  course  on  the  surface  of  the  medulla  may 

likewise  be  followed  into  it.     These  are  the  superficial  arcuate  fibres.     Numerous 

oilier  fibres  enter  the  restiform  body  on  its  deej)  aspect,  but  tht\se  will  Ik3  studied 

at  a  later  stage. 

Bnperficial    Arcnate   Fibres   (fibne   arcuata*   externa'). — These    tibres   (;ntor 
into  tlie  constitution  of  the  restiform   body,  and  th(\y  may   be  r(*^Mril(?(l  as  con- 
sisting of  two  sets,  viz.  the  anterior  suiveriicial  arcuate   iibrrs  and   the   posterior 
isufierticial  arcuate  fibres,  l)Oth  of  which  prescjnt  this  feature  in  common  that  tlun 
run  on  the  surface  of  the  medulla. 
The  anterior  superficial  arcuate  fibres  are  more  parti(Uilarly  seen  in  the  nei<;liboui 
hood  of  the  olivary  eminence,  round  the  lower  b(»rder  of  which,  and  also  over  tl 
I     surtace  of  which,  they  may  1m^  observed  coursing  in  the  form  of  a  n\imbcr  of  coar 
cuned  bundles.     They  var}'^  greatly  in  n\imbrr  and  in  distinctness,  and  they  v 
i     sometimes  so  numerous  as  to  cover  over  almost  entirely  the  eminence.     An  attenti 
I    examination  will  show  that  tliey  come  to  the  surface  in  the  antero-median  fiss' 
*-^«faoti  the   pyramids,   and   also  not    unfn.^(|uently  in    the   groove  between 
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pyramid  and  olive,  or  through  the  substance  of  the  pyramid  itsel£  The  an 
median  fissure  in  its  upper  part  is  often  almost  completely  blocked  ap  hy  \ 
emerging  fibres.  The  anterior  superficial  arcuate  fibres  reaching  the  svi^ace  d 
medulla  in  this  manner  turn  backwards,  and  the  great  majority  enter  the  restii 
body  and  form  a  considerable  part  of  its  outer  portion. 

The  posterior  superflcial  arcuate  fibres  arise  in  the  cuneate  and  graoile  nuclei, 
enter  the  restiform  body  of  the  same  side. 

THE  PONS  VAROLII. 

The  pons  Varolii  is  a  marked  white  prominence  on  the  basal  aspect  of  the  fa 
which  is  interposed  between  the  medulla  and  the  crura  cerebri,  and  which  Ik 
front  of  the  cerebellum.  It  is  convex  from  side  to  side,  as  well  as  from  il 
downwards,  and  transverse  streaks  on  its  surface  show  that,  superficially  at  leii 
is  composed  of  bundles  of  nerve-fibres  which  course  transversely  over  it.  On  ei 
side  these  transverse  fibres  are  collected  together  in  the  form  of  a  large  com] 
strand,  which  sinks  in  a  backward  and  outward  direction  into  the  white  matk 
the  corresponding  hemisphere  of  the  cerebellum.  This  strand  is  termed  the  ni 
peduncle  of  the  cerebellum,  and  the  term  "pons,"  applied  to  the  entire  stract 
expresses  in  an  admirable  way  the  arch-like  manner  in  which  this  portion  of 
brain  bridges  across  between  the  two  cerebellar  hemispheres. 

The  ventral  snrfa^ce  of  the  pons  is  in  relation  to  the  basilar  process  of 
occipital  bone  and  the  dorsum  sell86  of  the  sphenoid  bone.  It  presents  a  m 
groove  (sulcus  basilaris),  which  gradually  widens  as  it  is  traced  upwards,  an 
which  the  basilar  artery  lies.  This  mesial  depression  is  produced  by  the  prcwnin 
which  is  caused  on  either  side  by  the  passage  of  the  pyramidal'  tract  of  t 
downwards  through  the  pons.  The  trigeminal  or  fifth  cranial  nerve,  with  its  1 
entering  sensory  root  and  its  small  emerging  motor  root,  is  attached  to  the  sid 
the  ventral  aspect  of  the  pons,  nearer  its  upper  than  its  lower  border.  It  is  u 
to  restrict  the  term  "  pons  "  to  that  portion  of  the  structure  which  lies  betweei 
two  trigeminal  nerves,  and  to  apply  the  designation  of  middle  cerebellar  pedu 
to  the  part  which  extends  beyond  the  nerve  into  the  hemisphere  of  the  cerebel 
The  sixth  or  abducent  nerve,  the  seventh  or  £acial  nerve,  and  the  eighth  or  audi 
nerve  are  attached  to  the  brain  at  the  lower  border  of  the  pons.  The  sixth  enu 
at  the  outer  border  of  the  pyramid,  the  seventh  immediately  in  front  of  the  r 
form  body,  whilst  the  auditory  nerve  reaches  the  brain  close  to  the  hcial  nervi 
the  ventral  aspect  of  the  restiform  body. 

The  whole  of  the  medulla  enters  the  lower  aspect  of  the  pons,  and,  with 
exception  of  the  restiform  bodies,  its  constituent  parts  are,  to  a  large  extent,  cai 
up  within  it.     The  crura  cerebri  emerge  from  its  upper  aspect. 

The  dorsal  surface  of  the  pons  looks  Imckwards  towards  the  cerebellum, 
presents  a  triangular  area  covered  with  gray  matter,  which  forms  the  upper  pai 
the  anterior  wall  or  floor  of  the  fourth  ventricle.  This  area  is  directly  contini 
below  with  the  medullary  part  of  the  floor  of  the  fourth  ventricle,  and  is  bom 
on  either  side  by  a  band  of  white  matter  termed  the  superior  peduncle  of 
cerebellum. 

Superior  Cerebellar  Peduncles  (brachia  conjunctiva). — These  are  hidden  1 
view  by  the  upper  part  of  the  cerebellum,  under  cover  of  which  they  lie.  1 
emerge  from  the  lateral  hemispheres  of  the  cerebellum,  and,  as  they  pro 
upwards  on  the  dorsal  aspect  of  the  pons,  tliey  converge  towards  each  other  u 
at  the  level  of  the  inferior  corpora  quadrigeuiina,  the  inner  margins  of  the 
peduncles  almost  become  contiguous  (Fig.  388,  p.  482).  At  first  they  form 
lateral  boundaries  of  the  upper  part  of  the  fourth  ventricle ;  but,  as  they  asc 
and  approach  closer  to  each  other,  they  gradually  come  to  overhang  that  ca 
and  thus  enter  into  the  formation  of  its  roof.  They  disappear  from  the  sui 
by  dipping  under  cover  of  the  quadrigeminal  bodies  and  entering  the  substanc 
the  mesencephalon. 

Valve  of  Vieussens  or  the  Superior  Medullary  Velum  (velum  medui 
anterius). — Filling   up   the   triangular  interval   between   the  two  superior  c 
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duncles,  and  stretching  across  from  the  inner  and  free  margin  of  the  one 
>neaponding  margin  of  the  other,  is  a  thin  layer  of  white  matter  which 
8  the  roof  or  dorsal  wall  of  the  upper  part  of  the  fourth  ventricle,  and 
the  name  of  the  superior  medullary  velum.  When  traced  downwards,  it 
>  be  carried  with  the  superior  peduncles  into  the  white  matter  of  the  cere- 
Spread  out  on  its  dorsal  surface  is  a  small,  thin,  tongue-shaped  prolongation 
matter  from  the  cortex  of  the  cerebellum,  which  is  termed  the  lingola, 
suing  firom  its  substance  close  to  the  inferior  quadrigeminal  bodies  are  the 
th  or  tarochlear  cranial  nerves. 

•th  Ventricle  of  the  Brain  (ventriculus  quartus). — The  fourth  ventricle  is 
it  rhomboidal  in  form.  Below,  it  tapers  to  a  point  and  becomes  continuous 
3  central  canal  of  the  cord ;  above,  it  narrows  in  a  similar  manner  and  is 
5d  into  the  aqueduct  of  Sylvius,  which  tunnels  the  mesencephalon.  The 
•  wall  is  termed  the  roof  and  is  concealed  by  the  cerebellum.  The  anterior 
called  the  floor  and  is  formed  by  the  dorsal  surfaces  of  the  medulla  and 
)n  either  side  a  long,  curved  and  narrow  prolongation  of  the  ventricular 
\  carried  outwards  from  its  widest  part  and  curves  round  the  upper  part 
orresponding  restiform  body.  This  is  termed  the  lateral  recess.  The  roof 
javity  is  very  thin  and  intimately  connected  with  the  cerebellum.  It 
•,  therefore,  to  defer  its  description  until  that  part  of  the  brain  has  been 

r  of  the  Fourth  Ventricle  (fossa  rhomboidea).  —  In  its  lower  part  the 
ihe  fourth  ventricle  is  formed  by  the  dorsal  surface  of  the  open  part  of  the 
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-Floor  of  the  Fourth  Ventricle.  On  the  right  side  the  right  half  of  the  cerebellum  has  \teen 
oved  by  cutting  through  its  three  ixjduncles  and  dividing  it  in  the  mesial  plane.  On  the  left  side 
left  half  of  the  cerebellum  is  drawn  over  to  the  left  so  as  to  expose  fully  the  floor  of  the  ventricle. 

whilst  in  its  upper  part  it  is  formed  by  the  dorsal  surface  of  the  pons 
(Fig.  388,  p.  482).  The  area  thus  constituted  is  lozenge-shaped,  its  widest 
ng  opposite  the  upper  euds  of  the  restiform  bodies  or  inferior  peduncles 
jerebellum.  A  thick  layer  of  <rray  matter,  continuous  with  that  which 
is  the  central  canal  of  the  cord,  is  spread  out  like  a  carpet  over  the 
lar  floor,  and  covering  this  is  the  usual  ependymal  layer,  which  lines  all 
ricles  of  the  brain.     The  area  is  circumscribed  by  definite  lateral  boundariea. 
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Thus,  below  it  is  bounded  on  either  side  by  the  clava,  the  caneate  tubercle, 
the  restiform  body ;  whilst  above  the  lateral  limits  are  formed  by  the  saj 
cerebellar  peduncles. 

The  floor  of  the  fourth  ventricle  is  divided  into  two  lateral  and  syj 
portions  by  a  median  groove.     Its  lower  narrow  pointed  portion  between  the 
clavae  receives  the  name  of  the  calamus  scriptorius,  from  its  fancied  resembianoe 
the  point  of  a  pen.     Crossing  each  half  of  the  floor,  at  its  widest  part,  are 
more  or  less  conspicuous  bundues  of  fibres  termed  the  stria  acustics.     They 
to  emerge  from  the  mesial  groove  and  they  are  carried  outwards  over  the 
the  ventricle  in  the  region  between  its  upper  pontine  and  lower  medullary 
The  strige  acusticse  exhibit  a  large  amount  of  variation  in  different  individuals 
in  their  degree  of  prominence  and  also  in  the  direction  which  they  pursue, 
general  rule  they  proceed  towards  the  upper  part  of  the  restiform  body,  where 
are  connected  with  the  cochlear  nuclei.     Except  for  this  break  on  the  surface, 
medullary  and  pontine  portions  of  the  floor  of  the  fourth  ventricle  are  qi 
continuous  with  each  other. 

On  the  lower  medullary  district  of  the  ventricular  floor  a  small  to 
depression,  placed  immediately  below  the  striae  acusticse,  catches  the  eye.  Thii 
termed  the  fovea  inferior.  It  is  shaped  somewhat  like  an  arrow-head.  The 
or  point  looks  towards  the  strise,  whilst  the  lateral  angles  of  the  base  are  proloi 
downwards  in  the  form  of  diverging  grooves  (Fig.  391,  p.  487).  Of  these,  the  i 
groove  runs  towards  the  opening  of  the  central  canal  at  the  calamus  scriptorii 
whilst  the  outer  groove  runs  towards  the  lateral  boundary  of  the  floor.  In 
manner  the  portion  of  the  floor  which  lies  below  the  strise  acusticae  is  mapped 
into  three  triangular  areas.  The  mesial  subdivision  is  slightly  elevated  and 
termed  the  trigonum  hypoglossi,  because  subjacent  to  the  inner  part  of  this  area 
the  nucleus  of  origin  of  the  hypoglossal  or  twelfth  cranial  nerve.  The  intenui 
area  between  the  two  diverging  grooves  which  proceed  from  the  base  of  the  foi 
inferior  is  the  trigonum  vagi  (ala  cinerea),  so  called  because  the  nucleus  of 
vagus  or  tenth  and  the  glosso-pharyngeal  or  ninth  cranial  nerves  lies  subjacent  to 
it.  The  external  area  is  the  trigonum  acnstici.  The  base  of  this  area  is  directel 
upwards  and  runs  continuously  into  an  eminence — the  acustic  area  (area  acustici} 
— over  which  the  striae  acusticsB  pass.  Subjacent  to  this  district  of  the  floor  of  tbBi 
ventricle  lies  the  large  terminal  chief  nucleus  of  the  vestibular  division  of  ^ 
auditory  or  eighth  cranial  nerve. 

A  closMi  inspection  of  the  medullary  part  of  the  floor  of  the  fourth  ventricle  in  the  region  rf 
the  calamus  scriptorius  will  show  that  tiie  base  of  the  trigonum  vagi  is  separated  from  the  iniiff 
margin  of  the  clava  by  a  narrow  lanceolate  strip  of  the  ventiicular  floor,  to  which  Retzius  hai 
^iven  tlie  name  of  area  postrema.  Beneath  this  area  is  some  vascular  tissue  (Streeter),  and  mark- 
ing it  off  on  its  upper  and  inner  aspect  from  the  base  of  the  trigonum  vagi  there  is  a  transluoest 
cord-like  ridge  called  the  funicolas  separans. 

When  the  floor  of  the  ventricle  is  examined  under  water  with  a  magnifying  fflass,  tk 
trigonum  hypogloesi  is  seen  to  consist  of  a  narrow  inner  strip  which  oorresponcb  to  tie  hyj»- 
glossal  nucleus,  and  a  wider  lateral  part  which  has  been  shown  to  be  the  surfoce  represenUtioB 
of  another  nucleus  termed  the  nucleus  intercalatus  (Streeter). 

On  the  part  of  the  floor  of  the  ventricle  which  lies  above  the  striae  acustic«,and 
which  corresponds  to  the  dorsal  surface  of  the  pons,  there  is  also  a  slight  depresskm 
termed  the  fovea  superior.  Between  it  and  the  median  groove  is  a  marked  pro- 
minence called  the  eminentia  teres.  Inferiorly  this  elevation  passes  downwards 
and  becomes  continuous  with  the  trigonum  hypoglossi,  whilst  above  it  is  canied 
upwards  towards  the  opening  of  the  aqueduct  of  Sylvius.  In  both  directions  it 
])econie8  gradually  less  prominent,  but  still  it  forms  a  distinct  elongated  elevation, 
which  stretches  along  the  whole  length  of  the  median  groove.  As  already  stated, 
the  area  acustica  extends  upwards  into  the  pontine  part  of  the  ventricular  floor  and 
forms  an  elevated  region  in  the  outermost  part  of  its  widest  portion,  below  and  to 
the  outer  side  of  the  fovea  superior.  Proceeding  upwards  from  the  fovea  superior 
to  the  opening  of  the  Sylvian  aqueduct  there  is  a  shallow  depression  termed  the 
locus  csruleus,  seeing  that  it  usually  presents  a  faint  slate-gray  colour.  When  the 
ependyma  is  scraped  away  from  the  surface  of  this  part  of  the  floor,  the  colour  is 
seen  to  be  due  to  the  substantia  fermginea, — a  name  applied  to  a  linear  group  of 


INTERNAL  STEUCTUEE  OF  THE  MEDULLA. 


489 


fcw*gly  pigmented  cells,  which  lies  in  the  lateral  part  of  the  gray  matter  covering 
kiB  portion  of  the  ventricular  floor.  When  transverse  sections  are  made  through 
le  up(»er  part  of  the  pons,  the  substantia  ferruginea  appears  on  the  cut  surface 
a  small  black>spot  or  dot. 

INTEENAL  STEUCTUEE  OF  THE  MEDULLA. 

The  internal  structure  of  the  medulla  differs  in  a  marked  degree  from  that  of 
e  spinal  cord ;  indeed,  in  its  upper  part  it  presents  very  little  in  common  with  the 
tter.  The  various  strands  of  the  cord  either  come  to  an  end  within  the  medulla 
undergo  changes  in  their  relative  position,  whilst  the  gray  matter  is  much  modi- 
Ki  and  new  masses  are  added.  Like  the  cord,  however,  the  medulla  consists  of 
ro  nearly  symmetrical  right  and  left  halves.  When  transverse  sections  are  made 
izough  it  at  ditlerent  levels  each  lateral  half  is  seen  to  be  partly  marked  off  from 
le  other  in  the  lower  closed  part  of  the  medulla  by  the  anterior  and  posterior 
ledian  fissures,  whilst  in  the  upper  open  part  of  the  medulla  the  subdivision  is 
indered  evident   in  transverse  sections   by  the  presence  of  a  distinct  median 
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line,  called  the  raphe,  which  occupies  the  mesial  plane.  The  raphe  is  formed  by  tlie 
dose  intersection  of  fibres  running  in  different  directions  and  crossing  from  one  side 
I)  the  other. 

Each  half  of  the  medulla  is  com])osed  of:  (a)  strands  of  white  matter;  (h)  gray 
matter ;  and  (c)  the  formatio  Reticularis. 

The  white  matter,  as  in  tlie  cord,  is  to  a  large  extent  disposed  on  tin*  surface,  and 
the  j^ray  matter  in  the  interior;  Imt  in  the  upper  open  part  of  the  medulla  the  gray 
matter  comes  to  the  surface  on  the  dorsal  asi>ect,  and  is  spread  out  over  that  art'a 
which  forms  the  medullary  part  of  the  floor  of  the  fourth  ventricle.  In  the  curd 
the  white  matter,  in  the  shape  of  massive  longitudinal  strands  of  lil^res,  forma  a 
thick  coiiting  round  the  central  gray  matter.  In  the  nietluUa  the  only  massive 
longitudinal  strands  which  are  seen  on  the  surface  are  the  gnicile  and  euneate 
strands  (until  they  become  absorbed  by  the  sul)jacenr  nuclei),  the  inferior  cerel)ellar 
lJt*duncles  or  restiform  bodies  juul  the  ])yrami(lal  tracts.  Elsewhere  the  c( siting  of 
white  matter  is  thin,  and  in  certain  places  is  composed  chiefly  of  tlie  superlicial 
arcuate  fibres.  New  longitudinal  strands,  however,  take  shape  within  the  medulla, 
and  two  of  the  most  important  an?  ])laciHl  on  eith(T  side  of  the  median  raphe. 

The  gray  matter  of  the  cord,  as  it  is  continued   upwards  into  the  uiedvxUa, 
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becomes  greatly  modified.  A  considerable  part  of  it  is  broken  up  in  the  form 
reticularis,  whilst  the  gnly  portions  which  remain  as  compact  masses  in  da 
continuity  with  the  gray  matter  of  the  cord  are:  (1)  the  thick  layer  nk 
surrounds  the  central  canal,  and  which,  in  the  open  part  of  the  medulla^  beon 
spread  out  on  the  floor  of  the  fourth  ventricle ;  and  (2)  the  substantia  gelatin 
Bolandi.  New  meisses  of  gray  matter,  which  are  not  represented  in  the  ooid,i 
which  in  some  cases  appear  in  isolated  clumps,  are  also  added.  The  chief  of  th 
are  the  gracile  and  cuneate  nuclei,  the  inferior  olivary  nuclei,  and  tho  avcnah 
pyramidal  nuclei. 

The  formatio  reticularis  is  only  feebly  represented  in  the  cord,  but  in  f 
medulla  it  forms  a  very  considerable  part  of  its  bulk.  It  is  composed  of  p 
matter  coarsely  broken  up  by  fibres,  which  traverse  it  in  different  diroctiona 

In  the  following  detailed  account  of  the  internal  structure  of  the  mednlh, 
must  be  understood  that  the  appearances  described  are  such  as  are  seen  lA 
successive  transverse  sections  through  the  bulb  are  examined. 

Decussation  of  the  Pyramids  and  the  Changes  produced  thereby.— Ai 
pass  under  the  microscope  a  series  of  successive  transverse  sections  through  I 
upper  end  of  the  cord  and  the  lower  end  of  the  medulla,  the  most  striking  chai 
which  meets  the  eye  is  the  decussation  of  the  pyramids.  The  crossed  pyrami 
tract  in  the  lateral  column  of  the  cord  is  seen  to  become  looser  in  its  formati 
then  coarse  strands  leave  it,  pass  right  through  the  anterior  horn  of  gray  mat 
and,  crossing  the  mesial  plane,  take  up  their  position  in  the  other  side  of 
medulla,  close  to  the  antero-median  fissure.  Strands  from  the  right  orof 
pyramidal  tract  alternate  with  corresponding  strands  from  the  left  side,  and 
interval  between  the  bottom  of  the  antero-median  furrow  and  the  gray  mi 
surrounding  the  central  canal  becomes  filled  up  with  a  great  mass  of  intercroa 
bundles  of  fibres.  When  the  decussation  is  completed  the  pyramid  is  seen  t 
composed  of  a  solid  and  compact  bundle  of  fibres,  well  marked  off  firom 
surrounding  structures,  which  lies  at  the  side  of  the  antero-median  fissure  of 
medulla. 

As  a  rule  the  inner  three-fourths  of  the  pyramid  is  composed  of  fibres  which,  1 
down  in  the  opposite  lateral  column  of  the  cord,  form  the  crossed  pyramidal  tracts  n 
the  outer  fourth  of  the  pyramid  proceeds  downwards  in  the  anterior  column  of  the  co 
the  same  side  as  the  direct  pyramidal  tract.  A  considerable  amount  of  variation,  how 
occurs  in  the  proportion  of  fibres  which  is  allotted  to  the  formation  of  these  two  tnw 
the  cord.  Sometimes  the  crossed  pyramidal  tract  is  much  larger  than  usual,  and 
the  direct  pyramidal  tract  suffers  a  corresponding  diminution  in  size.  Cases  indeed  < 
in  which  the  entire  pyramid  enters  into  the  decussation,  and  in  these  there  is  no  d 
pyramidal  tract  in  the  cord.  Further,  it  is  not  uncommon  to  meet  with  variations  i 
opposite  kind  which  lead  to  an  increase  of  the  direct  pyramidal  tract  at  the  expense  o 
crossed  tract.  In  the  majority  of  cases  the  decussation  appears  to  be  symmetrical- 
division  of  the  pyramid  at  the  lower  end  of  the  medulla  being  into  parts  of  correspoi 
size  on  the  two  sides ;  in  certain  instances,  however,  the  decussation  is  asymmetrical 
the  corresponding  p3rramidal  tracts  on  opposite  sides  of  the  cord  are  then  unequal  in 
Seeing  that  the  direct  pyramidal  tracts  undergo  a  gradual  decussation  in  the  aol 
commissure,  as  they  descend  in  the  cord,  the  final  result  is  the  same,  no  matter 
variations  occur  in  the  decussation  at  the  lower  part  of  the  medulla. 

The  variations  indicated  above  receive  an  additional  interest  when  viewed  in  the 
of  comparative  anatomy.  It  would  appear  that  only  in  man  and  the  anthropoid  a] 
the  decussation  of  the  pyramids  in  the  lower  part  of  the  medulla  incomplete.  Acoa 
to  Sherrington,  a  direct  pyramidal  tract  in  the  cord  of  the  anthropoid  apes  stands  io 
nexion  with  the  arm-centre  in  the  cerebral  cortex.  If  this  be  the  case  in  man  it  must 
wise  have  other  connexions  as  well,  seeing  that  it  is  carried  down  the  cord  for  a  considc 
distance  beyond  the  level  of  the  cord-segments  which  give  motor  fibres  to  the  arm 
the  lower  apes  a  direct  pyramidal  tract  does  not  seem  to  exist :  the  whole  pyramid  a 
over  to  the  opposite  side  of  the  cord  in  the  shape  of  the  crossed  pyramidal  tract. 

As  we  have  noted,  the  decussating  pyramidal  bundles  pass  through  the  ant 
horn  of  gray  matter  of  the  cord,  and  cut  it  into  two  portions  (Figs.  392  and 
The  basal  part  remains  in  position  on  the  anterior  and  lateral  aspect  of  the  oe 
canal,  and  forms  part  of  the  thick  layer  of  gray  matter  which  surrounds  it 
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^ed  head  of  the  anterior  horn  is  set  free ;  and  from  the  large  multipolar  cells 
b  lie  in  its  midst  some  of  the  fibres  of  the  anterior  root  of  the  first  cervical 
s,  and  also  some  of  the  root  fibres  of  the  spinal  accessory  nerve,  take  origin. 
^n  proceeding  up  into  the  medulla  another  efiTect  of  the  decussation  of  the 
oiids  is  seen  in  the  submergence  from  the  surface  of  the  strand  of  fibres  which, 
e  anterior  column  of  the  cord,  lies  to  the  outer  side  of  the  direct  pyramidal 
,  and  which  receives  the  name  of  the  anterior  basis-bundle.  While  the  decus- 
1  is  going  on  the  anterior  basis-bundle  is  thrust  aside,  and,  sinking  from  the 
oe,  it  takes  up  its 

ion  as  a  flattened  ^.^s^&fS^^Sfi^&SEr^*""'''*^^^^"^  gi^^iii* 

-like   strand  on         Gmctie  micivu^ 

inter  side  of  the 

lally    increasing 

Hid    (Fig.    393). 

n  the  decussation 

ompleted,  this 

.d  is  seen  to  lie 

to  the  median 
s  on  the  dorsal 
^t  of  the  pyramid, 
e  it  is  separated 
its  fellow  of  the 
site  side  by  the 
an    raphe    alone 

394).  In  the 
r  part  of  the 
lUa  it  approaches 

nearer  to  the 
d  surface  and  appears  to  form  the  greater  part  of  a  strand,  which 
ed  the  posterior  longitudinal  bundle  (Figs.  397  and  398).  The  detached  head 
e  anterior  horn  of  gray  matter  of  the  cord,  as  it  is  traced  upwards,  is  observed 
ing  closely  to  its  original  relationship  with  the  anterior  basis-bundle.  It  is 
ied  to  the  outer  side  of  this  strand,  and,  gradually  becoming  smaller,  finally 
>pears  at  the  level  of  the  lower  part  of  the  interior  olivary  nucleus. 
inneate  and  Oracile  Strands,  with  their  Nuclei.-  As  the  funiculus  gracilis 
the  funiculus  cuneatus  of  the  posterior  column  of  the  cord  are  traced  up 
the  medulla  they  seem  to  increase  in  bulk,  and  in  transverse  st^ctions  they 
tne  the  form  of  massive  wedge-shaped  strands,  quite  distinct  from  each  other. 
m  the  decussation  of  the  pyramids  is  fully  established  they  change  their  shape. 
f  increase  in  width  and  lose  considerably  in  depth,  and  consec^ueutly  the 
sverse  diameter  of  the  area  which  they  occupy  becomes  greater.  As  a  result 
his,  and  also  owing  to  the  removal  of  the  crossed  pyramidal  tract  from  the 
■al  region  of  the  cord  immediately  in  front,  the  jKisterior  horn  of  gray  matter 
adually  rotated  forwards  and  comes  to  lie  transversely  and  in  the  same  straight 
with  its  fellow  of  the  opposite  side  (Figs.  393  and  395).  The  substantia 
tinosa  Eolandi,  at  the  same  time,  becomes  increased  in  quantity  and  presents 
reeshoe-shaped  outline  in  transverse  section.  It  clasps  within  its  concavity  the 
jwhat  reduced  head  of  the  posterior  horn,  and  Jbrnis  with  it  a  conspicuous 
liar  mass  of  gray  matter  which  lies  close  to  the  surface,  and  produces  upon  it 
bulging  termed  the  funiculus  and  tubercle  of  Kolando.  Tlie  basal  portion  of 
posterior  horn  of  gray  matter  remains  upon  the  dorsal  and  lateral  aspect  of  the 
ral  canal,  and  forms  a  portion  of  the  central  gray  mass  of  the  closed  part  of 
medulla;  but  very  soon  the  neck  of  tlie  horn,  which  at  this  level  is  greatly 
iced  owing  to  the  a]>sence  of  entering  posterior  nerve-roots,  is  invaded  by 
dies  of  fibres  which  traverse  it  in  diflerent  directions  and  convert  it  into  a 
latio  reticularis.  By  this  means  tlie  rounded  head  of  the  [>osterior  lioru  becomes 
off  from  the  central  gray  matter,  and  from  this  point  uj)wards  it  remains  as 
Bolated  gray  column  intimately  associated  with  tlie  spinal  root  of  the  trigeminal 
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The  gracile  and  ctmeate  nuclei  take  shape  before  the  decussation  of  the  pynm^ 
is  fully  completed  (Fig.  395).  The  gracile  nucleus  appears  in  the  form  of  a  M 
irregular  mass  of  gray  matter  in  the  interior  of  the  funiculus  gracilis,  nil 
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Fig.  394. — Sbction  through  the  Closed  Part  ok  Human  Medulla  immediately  above  m 
Decussation  op  the  Pyramids  (Weigert-Pal  Specimen). 

gradually  infiltrates  the  entire  strand.  At  first  it  is  not  directly  connected  wr 
the  gray  matter  \vhich  surrounds  the  central  canal ;  but  as  it  is  traced  upwu 
it  increases  in  bulk,  absorbs  more  of  the  strand  in  which  it  lies,  and  such  a  oo 
nexion  l)ecomes  established  (Figs.  393  and  394). 

The  cuneate  nucleus,  from  the  first,  is  a  direct  offshoot  from  that  part  of  the  bi 

of  the  posterior  horn  of  gi 
matter  which  is  preserved  h 
portion  of  the  central  gray  mi 
In  transverse  section  it  is  seen 
invade  the  funiculus  cuneil 
upon  its  deep  aspect,  and 
Din^t  cerebellar  tract  gradually  grows  backwards  ii 
tS?r^  pyramidal  ^^  substancc.  It  presents  a  vi 
different  appearance  from  1 
gracile  nucleus,  because  throng 
out  its  whole  length  the  gi 
nucleus  and  the  fibres  of  I 
strand  are  separated  from  ei 
other  by  a  sharp  line  of  demai 
tion.  A  second  and  much  smal 
mass  of  gray  matter  appears 
the  funiculus  cuneatus,  suf 
ficial  to  the  main  nucleus,  soon  after  the  region  of  the  decussation  of  the  pjrrani 
is  left.  This  is  termed  the  accessory  or  the  external  cuneate  nucleus  (Fig.  394). 
Gradually  the  fibres  of  the  gracile  and  cuneate  strands  become  absorbed  in  tl 
nuclei.  As  the  gray  masses  gain  in  size  a  corresponding  diminution  in  the  nun 
of  fibres  composing  the  corresponding  tracts  is  observed,  until,  at  the  level  of 
clava  and  cuneate  tubercles,  it  is  seen  that  these  eminences  are  composed  aln 
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of  the  gray  nuclei,  covered  by  a  thin  skin  of  the  few  remaining  fibres  of 
strands  involved.     It  would  appear  that  no  fibres  belonging  to  the  funiculus 

and  funiculus  cuneatus  get  beyond  these  nuclei.  They  all  end  in  fine 
1  ramifications  around  the  cells  of  the  nuclei  In  the  case  of  the  funiculus 
s  the  bundles 
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.  extends  upwards  for  a  short  distance  farther,  and  only  terminates  when 
.iform  body  begins  to  take  definite  shape  on  its  outer  aspect. 
inssation  of  the  Fillet  (decussatio  lemniscorum). — Immediately  above  the 
the  decussation  of  the  pyramids  another  decussation  of  fibres  in  the  median 
md  upon  the  dorsal  aspect  of  the  pyramids,  takes  place  in  the  substance  of 

the  medulla.  This 
is  termed  the  decus- 
sation of  the  fillet, 
or  the  sensory  de- 
cussation, in  contra- 
distinction to  the 
term  "  motor  decus- 
sation," which  is 
sometimes  applied 
to  the  decussation 
of  the  pyramids. 
The  fibres  which 
take  part  in  this 
decussation  are 
called  deep  arcuate 
fibres  (fibraj  arcuatse 
internie),  and  they 
are  derived  from 
the  cells  of  the 
gracile  and  cuneate 
nuclei.  From  the 
deep  aspects  of  these 
nuclei  these  fibres 
stream  forwards  and 
inwards  towards  the 
median  raphe,  form- 
ing a  series  of  con- 
curves  in  the  substance  of  the  medulla.  They  cross  the  mesial  plane 
cuBsate  with  the  corn \spon ding  fibres  of  the  opposite  side,  upon  the  dorsal 
Df  the  pyramids.     Having  thus  gained  the  opposite  side  of  the  medulla  Uv^^ 
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immediately  turn  upwards  and  fonu  a  conspicuous  strand  of  longitudina 
which  ascends  close  to  the  mesial  plane  and  is  separated  from  its  fello\^ 
opposite  side  by  the  median  raphe  alone.  This  strand  is  termed  the  : 
lemniscus. 

As  we  proceed  up  the  medulla  the  deep  arcuate  fibres  which  first  come  in 
appear  as  coarse  bundles  which  curve  forwards  in  a  narrow  group  around  the  cent 
matter  (Figs.  394  and  396).  Soon  other  finer  bundles  appear,  which  describe  wide 
on  the  outer  side  of  the  coarser  group  until  a  very  large  part  of  each  lateral  hal 
medulla  is  seen  to  be  traversed  by  these  arcuate  fasciculi  (Fig.  397).  As  they  • 
the  mesial  plane  they  come  in  contact  with  the  remains  of  the  apterior  Uuris 
which  at  this  level,  as  already  mentioned,  lies  upon  the  dorsal  aspect  of  the  p 
flattened  up  against  the  raphe.  The  deep  arcuate  fibres  pierce  the  anterior  hmk 
obliquely,  and  iu  the  interval  between  it  and  the  corresponding  strand  of  the  Offpn 
they  decussate  in  the  middle  line  with  the  deep  arcuate  fibres  of  the  opposite  side. 
then  change  their  direction  and  turn  upwards,  and  the  fillet,  as  already  state 
form  and  gradually  increases  in  volume  as  it  ascends.  This  great  and  important 
thus  laid  down  between  the  p}Tamid  and  the  anterior  basis-bundle ;  and  the  cons 
of  this  is  that  the  latter  tract  is  pushed  still  farther  backwards,  and,  when  the 
fidly  established,  it  comes  to  lie  immediately  beneath  the  gmy  matter  of  the  floo 
fourth  ventricle  (Fig.  398). 

It  is  important  that  we  should  realise  at  this  stage  the  full  significance  of  the  da 
of  the  fillet  and  have  a  clear  conception  of  the  connexions  of  the  fibres  which  take  ^ 
The  columns  of  Burdach  and  Qoll,  which  end  in  the  cuneate  and  giacile  nuclei,  are  derii 
the  portterior  roote  of  the  spinal  nerves.  The  fillet  fibres  therefore  carry  on  the  continui' 
posterior  columns  of  the  cord,  the  gracile  and  cuneate  nuclei,  which  are  thrown  across  th 
in  the  lower  part  of  the  medulla,  merely  constituting  an  intemodal  interruption.  At  tl 
the  fillet  strand  is  transferred  to  the  opposite  side  of  the  medulla.  But  it  will  be  rem 
that  a  large  proportion  of  the  fibres  of  the  entering  posterior  nerve- roots  of  the  spinal  ne 
in  connexion  with  the  cells  of  the  posterior  horn  of  gray  matter  of  the  cord.  It  mu 
supposed  that  the  path  represented  by  these  latter  fibres  comes  to  a  termination  therel 
these  posterior  honi  cells  other  fibres  arise  which  cross  to  the  opposite  side  of  the  cor 
anterior  white  commissure  and  proceed  up  the  cord  to  the  lateral  part  of  the  medulla 
fibres  constitute  the  spino-thalamic  tract  already  referred  to.  The  practical  bearing  c 
that  owing  to  the  crossing  of  the  fiUet  and  lower  down  of  the  spino-thalamic  tract  u 
lesions  of  the  meduUa  are  apt  to  produce  complete  hemi -anaesthesia  ;  whilst  unilateral  1 
the  cord  produce  only  jvartial  hemi-ansesthesia. 

When  the  fillet  is  fully  formed  three  longitudinal  strands  are  observed 
iug  the  medulla,  close  to  the  mesial  plane.     From  before  backw6trds  these  i 
the  pyramid,  (2)  the  fillet,  and  (3)  the  posterior  longitudinal  bundle. 

The  pyramid  forms  a  massive  tract  in  front  of  and  quite  distinct  b 
fillet.  The  fillet  and  the  posterior  longitudinal  bundle  are,  in  the  first  ii 
not  marked  oflF  from  each  other.  They  appear  as  a  broad  flattened  band 
to  the  raphe.  One  edge  of  this  band  is  directed  backwards  and  reaches  ti 
matter  on  the  floor  of  the  fourth  ventricle,  while  the  other  edge  looks  ft 
and  is  in  contact  with  the  pyramid.  In  the  upper  part  of  the  medulla  tl 
and  the  posterior  longitudiiial  fasciculus  begin  to  draw  asunder  from  eaci 
The  intermediate  longitudinal  fibres  become  reduced  in  number  and  t 
strands  grow  denser — the  one  on  the  dorsal  aspect  of  pyramid,  and  th 
immediately  beneath  the  gray  matter  of  the  floor  of  the  fourth  ventricle  (Fi 

The  posterior  longitudinal  bundle  (fasciculus  longitudinalis  medialis) 
largely  formed  out  of  fibres,  which  in  the  cord  constitute  the  anterior  basis- 
These  fibres  are  thrust  back  by  the  two  decussations :  the  first  decussation  ] 
them  behind  the  pyramids,  and  the  second  decussation  displacing  them  still 
backwards  to  a  position  behind  the  fillet. 

Olivary  Nuclei — The  mo.st  conspicuous  of  the  isolated  clumps  of  gray 
in  the  medulla  are  the  inferior  olivary  nucleus  and  the  two  accessory 
nuclei  The  inferior  olivary  nucleus  (nucleus  olivaris  inferior)  lies  subjacent 
olivary  eminence,  and  constitutes  a  very  striking  object  in  transverse  i 
through  this  region.  It  presents  the  api)earance  of  a  thick  wavy  or  imdulati 
of  gray  matter,  folded  on  itself,  so  as  to  enclose  a  space  filled  with  white 
It  is  in  reality  a  crumpled  lamina  arranged  in  a  purse-like  manner,  with  i 
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slit,  which  is  called  the  hilum  (hilum  nuclei  olivaris),  directed  towards  the 
ane.     The  hilum  does  not  reach  either  extremity,  so  that  in  transverse 
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OR   BULR. 

»r  of  the  fourth  ventricle  is  seen,  and  it  will  be  noticed  that  the  restiform  body  on  each  side  has 
now  taken  definite  shape. 

through  each  end  of  the  nucleus  the  gray  lamina  is  seen  in  the  form  of  a 
ly  closed  capsule.  Into  and  out  of  the  open  mouth  of  the  olivary  capsule 
a  dense  crowd  of  fibres.     These  constitute  what  is  called   the   olivary 

peduncle. 

The  accessory  olivary 
nuclei  are  two  band-like 
laminae  of  gray  matter,  which 
are  respectively  placed  on  the 
dorsal  and  mesial  aspects  of 
the  main  nucleus.  In  trans- 
verse section  each  of  these 
nuclei  presents  a  rod -like 
appearance  (Fig.  398). 

The  mesial  accessory  oli- 
vary nucleus  (nucleus  olivaris 
accc8Sorius  inesialis)  extends 
lower  down  in  the  medulla  than 
the  main  nucleus,  and  it  is  much 
-The  Inferior  Olivary  Nccleus,  as  reconstructed  and  larger  in  its  lower  than  its  upper 
figured  by  Miss  Florence  li.  Sahin.  part.        It    begins    immediately 

View  of  the  dorse- lateral  and  lateral  surfaces.  above    the    decussiltiou    of     the 

pyramids,  where  it  is  seen  lying 
iter  side  of  the  pynimidal  tract  and  the  anterior  basis-bundle  (Figs.  394  and  396). 
ip  it  lies  across  the  mouth  of  the  main  nucleus  and  on  the  outer  side  of  the  fillet 
lal  accessory  olivary  nucleus  (nucleus  olivaris  accessorius  dorsalis)  is  placed 
the  dorsfil  aspect  of  the  main  nucleus.  The  two  accessory  nuclei  fuse  together 
ley  finally  disiippear. 

^ray  matter  forming  the  three  inferior  olivary  nuclei  consists  of  a  close  feltwork 

>glia  in    which   are   intc'rsperscd   numerous   small   round  cells,  each  of  which  is 

with  one  axon  and  numerous  dendrites.      It  is  traversed  by  fibres,  some  of  which 
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Which  shows  in  part  the  fibres  which  enter  into 
the  constitution  of  the  re«tiform  body. 


pass  straight  through  the  gray  lamina,  wliilst  others  end  in  counexiou  with  tlie  c 
is  only  in  man  and  the  higher  apes  that  the  inferior  olivar}'  nuclei  are  found 
developed.  In  other  mammals  they  are  much  smaller.  The  size  of  the  olive  ap 
be  correlated  with  that  of  the  lateral  hemisphere  of  the  cerebellum  and  not  in  anj 
be  dependent  on  the  development  of  the  cerebral  hemisphere.  Thus  in  cetaoe 
very  extensive  cerebral  cortex  the  inferior  olivary  nuclei  are  small  (Ekiinger). 

As  the  fibres  of  the  fillet  decussate  and  assume  a  longitudinal  directi( 

come  to  lie  between  the  olivary  nt 
opposite  sides,  and  hence  the  tern 
olivary  stratum  (stratum  interolivar 
nisei)  is  frequently  applied  to  them. 

Restiform  Body  (corpus  restif(» 
The  gracile  and  cuneate  nuclei  gradoa 
place  to  the  restiform  body  in  the  upp 
of  the  posterior  district  of  the  medulla, 
from  various  quarters  converge  to  foi 
great  strand.  It  first  takes  shape  as 
superficial  layer  of  longitudinal  fibres' 
are  gathered  together  on  the  outside 
cuneate  nucleus;  but  after  that  nucL 
come  to  an  end,  and  as  the  upper  part 
medulla  is  reached,  the  restiform  1 
seen  to  have  grown  into  a  massive 
which  presents  a  kidney-shaped  or  o^ 
line  on  transverse  section  (Fig.  39 
which  ultimately  enters  the  white 
core  of  the  cerebellum  as  its  inferior  peduncle.  The  fibres  which  build 
restiform  body  are  the  following:  (1)  the  direct  cerebellar  tract;  (2)  the  p 
superficial  arcuate  fibres;  (3)  the  anterior  su^^erficial  arcuate  fibres;  i 
cerebello-olivary  fibres. 

The  direct  cerebellar  tract  extends  upwards  from  the  lateral  column  of  tl 
In  the  lateral  district  of  the 
medulla  it  occupies  a  similar 
position  ;  but  before  the  olivary 
eminence  is  reached  it  inclines 
backwards,  crosses  the  postero- 
lateral furrow  and  passes  ob- 
liquely upwards  into  the  resti- 
form iMxly.  As  its  fibres  diverge, 
backwards  they  pass  over  the 
tubercule  of  Eolando  and  cover 
up  the  spinal  root  of  the  tri- 
geminal nerve  and  the  substantia 
Kolandi,  thus  shutting  them  out 
from  the  surface.  The  fibres 
of  the  direct  cerebellar  tract 
in  the  first  instance  enter  into 
the  outer  or  superficial  part  of 
the  restiform  body. 

Bruce  has  shown  that  the  fibi-ea  of  the  direct  ccrelK'llar  tract  ultimately  lie  in  the  cent 
restiform  body,  forming  as  it  were  its  central  core,  and  that  in  tlu^  cerebellum  they  can  1 
to  the  superior  vermis. 

The  posterior  superficial  arcuate  fibres  take  origin  from  the  gracile  and  < 
nuclei,  and  enter  the  superficial  part  of  the  restiform  body  of  the  same  side. 

The  anterior  superficial  arcuate  fibres  proceed  from  the  lower  portions 
gracile  and  cuneate  nuclei  of  the  opposite  side.  After  decussating  in  the 
line,  it  can  easily  be  detennined  that  all  the  deep  arcuate  fibres  which  ani 
these  nuclei  do  not  enter  the  fillet.  A  large  proportion  of  them  gain  the  sur 
sweeping  round  the  inner  aspect  of  the  pyramid  in  tlie  antero-mesial  fissure. 
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THE  C'OIU)  AND  MeDULLA  OF  THE  OrANO. 

Tlic  direct  cerebell.ir  tract  is  well  seeu,  especially  on  the : 
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1  likewise  gain  the  surface  by  piercing  the  pyramid  or  by  passing  out 
1  it  and  the  olive.  These  fibres  constitute  the  anterior  superficial  arcuate 
ctnd  on  the  surface  of  the  medulla  they  sweep  backwards  around  it,  forming 
layer  over  the  olivary  eminence  and  ultimately  reaching  the  restiform  body. 
teiior  superficial  arcuate  fibres,  as  well  as  the  direct  cerebellar  tract-fibres, 
ver  the  trigeminal  spinal  root,  which  thus  comes  to  take  up  a  deeper  posi- 
the  substance  of  the  medulla  (Figa  397  and  398). 

•ngst  the  fibres  which  reach  the  surface  of  the  medulla  in  this  way  Kolliker  includes 
om  the  8tri»  acustic®.  If  this  be  the  case,  these  fibres  connect  tne  cochlear  nucleus 
e  cerebellum,  the  path  being  striae  acusticae,  superficial  arcuate  fibres,  and  restiform 
de  p.  522}. 

fibres  or  the  direct  cerebellar  tract,  which  come  from  the  cells  of  the  posterior  vesicular 
of  the  cord,  and  the  superficial  posterior  arcuate  fibres,  which  are  derived  &om  the  cells 
^racdle  and  cuneate  nuclei,  do  not  cross  the  mesial  plane,  but  enter  the  restiform  body  of 
A  side.  The  anterior  superficial  arcuate  fibres  arise  from  the  cells  of  the  cuneate  and 
inclei,  and  cross  the  mesial  plane  so  as  to  gain  the  restiform  body  of  the  opposite  side. 

3  cerebello-olivary  fibres  are  only  seen  in  the  upper  part  of  the  medulla.  They 
lie  deep  part  of  the  restiform  body  and  constitute  its  chief  bulk.     Streaming 
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Fio.  402. — Diagram  of  the  Cerebbllo-Olivart  Fibres. 
(This  diagram  haa  been  constructed  from  the  specimen  Hgured  on  p.  495. ) 
N.X.,  Vago-glossopharyngeal  nucleus.  N.XII.,  Hypoglossal  nucleus. 

>m  the  hilum  of  the  inferior  olivary  nucleus,  they  cross  the  mesial  plane,  and 
J  opposite  side  of  the  medulla  they  either  pass  through  the  inferior  olivary 
18  of  that  side  or  sweep  around  it.  Ultimately,  on  the  dorsal  aspect  of  the 
Y  nucleus,  they  are  gathered  together  in  the  form  of  a  conspicuous  group  of 
ie  fibres,  which  curve  backwards  to  take  up  a  position  in  the  deep  part  of  the 
)rm  body.  In  passing  back,  they  traverse  the  spinal  root  of  the  trigeminal 
and  break  it  up  into  several  separate  bundles.  The  cerebello-olivary  fibres 
»nnect  the  inferior  olivary  nucleus  of  one  side  with  the  opposite  side  of  the 
)llum. 

bouffb  we  have  traceil  the  cerel)ello-olivary  tract  iu  an  upward  direction  from  the  olive  to 
«bellum,  and  have  thus  inferred  that  it  is  conij)(>sed  of  fil)res  which  proceed  from  the  cells 
inferior  ohvary  nucleus  of  the  opposite  side,  it  is  right  to  state  that  this  view  is  not  uni- 
y  accepted.  There  are  some  who  regard  theije  fibres  as  constituting  an  efferent  tract  from 
"ebellnm,  or,  in  other  wortls,  as  arising  in  the  cerebellar  cortex  (j^robably  as  the  axons  of 
Is  of  Purkinje),  and  descending  iu  the  inferior  cerel>ellar  peduncle  to  establish  connexions 
ht  cells  of  the  inferior  olivary  nucleits  of  the  opposite  side.     If  this  view  be  correct,  tha 
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destination  of  the  axons  of  the  cells  of  the  inferior  olivary  nucleus  becomes  a  difficQ 
Kolliker  considers  that  they  enter  the  lateral  column  of  the  cord. 

Arcuate  Nucleus  (nucleus  arcuatus). — Immediately  above  the  decuasa 
the  pyramids,  a  small  flattened  mass  of  gray  matter,  covered  by  superficial  t 
fibres,  makes  its  appearance  on  the  ventral  or  superficial  aspect  of  the  p; 
(Fig.  393).  At  a  higher  level,  when  the  open  part  of  the  medulla  is  reach< 
gray  mass  shifts  its  position  and  comes  to  lie  upon  the  mesial  aspect 
pyramid,  and  thus  constitutes  the  immediate  boundary  of  the  antero-i 
fissure  (Fig.  398).  From  its  intimate  connexion  with  the  anterior  sup 
arcuate  fibres,  as  they  sweep  out  from  the  antero-median  fissure,  it  receii 
name  of  the  arcuate  nucleus. 

The  nerve-cells  which  lie  in  its  midst  are  smaller  than  those  of  the  inferior  olivair 
and  are  fusiform  in  shape.     It  would  appear  that  large  numbers  of  the  anterior  superficial 
fibres  end  in  this  nucleus,  whilst  others  take  origin  within  it    Many  of  the  anterior 
fibres,  however,  sweep  continuously  over  its  surface  and  bind  it  down  to  the  pyramid. 
upper  end  of  the  medulla  the  arcuate  nucleus  increases  in  size,  and  ultimately  it  becon 
tinuoiis  with  the  gray  matter  of  the  ventral  part  of  the  pons. 

Formatio  Reticularis. — Behind  the  olive  and  the  pyramid  is  the  fo 
reticularis.  In  the  medulla  it  occupies  a  position  which,  to  a  large  extent, 
spends  with  that  of  the  lateral  column  in  the  spinal  cord  In  transverse  sec 
appears  as  an  extensive  area,  which  is  divided  into  a  lateral  and  a  mesial  fi 
the  root  fascicles  of  the  hypoglossal  nerve  as  they  traverse  the  substance 
medulla  to  reach  the  surface.  In  the  lateral  portion  which  lies  behind  tb 
there  is  a  considerable  quantity  of  gray  matter,  continuous  with  that  in  th 
present  in  the  reticular  formation ;  it  is,  therefore,  called  the  formatio  reli 
grisea.  In  the  mesial  part  which  lies  behind  the  pyramid  the  gray  mi 
extremely  scanty,  and  the  reticular  matter  here  is  termed  the  fonnatio  xet 
alba. 

In  the  fonnatio  grisea  many  of  the  cells  which  are  scattered  thickly  amongst  the  int« 
bundles  of  fibres  are  to  be  regarded  as  association  cells.  They  possess  short  axons,  which  8erv< 
different  levels  of  the  medulla  to  each  other,  and  therefore  constitute  association  fibres.  I 
the  combined  and  harmonious  activity  exhibited  by  the  nuclei  of  the  vagus,  facial  and 
nerves  in  the  process  of  respiration,  is  attained  through  the  imclear  connexions  establi 
these  fibres  (Edinger).  Certain  compact  masses  of  gray  matter  are  also  seen  in  the  1 
grisea.  Of  these  may  be  mentioned  (a)  the  dorsal  accessory  olivary  nucleus,  which  I 
already  described,  ancl  (6)  the  nucleus  lateralis.  The  nacleos  lateralis  is  seen  in  th< 
V>etween  the  olive  and  the  substantia  gelatinosa  RolandL  In  the  upper  part  of  the  mc 
gradually  becomes  dift*usc  and  disappears. 

£xcei)t  in  the  immediate  vicinity  of  the  raphe,  the  formatio  alba  may  be  said  to  be  d 
celLi.  Tlie  mesial  accessory  olive,  however,  forms  an  isolated  compact  mass  of  gray  matte 
itH  limits. 

The  nerve  fibres  which  traverse  the  formatio  reticularis  run  both  in  a  trai 
and  a  h)ngitudinal  direction.  The  transverse  fibres  are  the  deep  arcuate 
The  longitudinal  fibres  are  derived  from  different  sources  in  the  two  fields, 
formatio  grisea  they  represent  to  a  large  extent  the  fibres  of  the  lateral  coli 
the  cord,  after  the  removal  of  the  direct  cerebellar  and  the  crossed  pyramidal 
They  consist,  therefore,  of  the  fibres  of  the  tract  of  Gowers  and  of  fibres  corre 
ing  to  the  lateral  basis-bundle  of  the  cord.  In  the  formatio  alba  the  longit 
fibres  are  the  tract  of  the  fillet  and  the  posterior  longitudinal  bundle,  both  ol 
have  already  been  sufficiently  described. 

Central  Canal  and  the  Oray  Matter  which  surrounds  it. — The  centra! 
as  it  proceeds  upwards  through  the  closed  part  of  the  medulla,  is  gradually 
to  assume  a  more  dorsal  position,  owing  to  the  accumulation  of  fibres  on  its  "^ 
aspect.  First  the  decussation  of  the  pyramids,  and  then  the  decussation 
fillet,  both  of  which  take  place  in  front  of  the  canal,  tend  to  push  it  back 
and  the  formation  of  the  longitudinal  strands  in  which  these  intercrossingfi 
(viz.  the  pyramid  and  the  fillet),  together  with  the  continuation  upwards 
anterior  basis -bundle,  lead  to  a  great  increase  in  the  amount  of  tissue 
separates  it  from  the  anterior  surface  of  the  medulla.  In  the  closed  part 
medulla  it  is  surrounded  by  a  thick  layer  of  gray  matter,  which  is  continuoi 


agus,  glosso-pharyngeal,  and  auditory  nerves  lie  in  the  lateral  part  of  the  III 

!*he  gray  matter  of  the  ventricular  floor  is  covered  by  ependynia. 


of  Flechsig. — h\  transverse  sections,  through  the  upi)er  open  j>art  of  the 
tlie  root  fibres  of  the  hyjKiglossal  and  vagus  nerves  are  seen  travei-sing  the  substance  of 
Ila.  The  nucleus  of  origin  of  the  hyiwglossal  is  placed  in  the  gray  matter  of  the  floor 
Lirth  ventricle  close  to  the  mesial  plane ;  the  nucleus  of  the  vagm*  is  situated  in  the 
:^r  of  the  ventricular  floor  immediately  to  the  outer  side  of  the  hypoglossal  nucleus. 
se  nuclei  the  root-bundles  of  the  two  nerves  diverge  from  each  other  as  they  are  traced 
•face  and  subdivide  the  substance  of  the  medulla,  as  seen  in  transverse  section,  inU)  the 
18  of  Flechsig,  viz.  an  anterior,  a  lateral,  and  a  posterior. 

nterior  area^  which  is  Iwunded  internally  by  the  median  raphe  and  externally  by  the 
lal  roots,  presents  within  its  limits :  (a)  the  fomiatio  alba ;  (b)  the  pyramid  ;  (c)  the 

the  posterior  longitudinal  fasciculus ;  (e)  the  mesial  accessory  olivary  nucleus  ;  (/)  the 
ucleu& 
Kt«ral  area  lies  between  the  root  fibres  of  the  hypoglossal  and  those  of  the  vagus.     It 

(a)  the  inferior  olivary  nucleus ;  (b)  the  dorsal  accessory  olivary  nucleus ;  (c)  the  nucleus 

(d)  the  nucleus  ambiguus,  or  the  motor  nucleus  of  the  vagus  and  glosso-pharyngeal 
e)  the  fomiatio  reticularis  grisea, 
osterior  area  is  situated  behind  the  vagus  roots,  and  within  its  limits  ai-e  seen  :  (1)  the 

body  ;  (2)  the  upper  part  of  the  cuneate  nucleus  ;  (3)  to  the  inner  side  of  this  a  crowd 
eraely-cut  bundles  of  fibres,  loosely  arranged  and  forming  the  descending  root  of  the 
p  part  of  the  auditory  nerve ;  (4)  close  to  these,  but  placea  more  deeply,  a  round,  com- 
l  very  conspicuous  bundle  of  transversely- cut  fibres,  viz.  the  fasciculius  solitarius,  or 
ig  root  of  the  vagus  and  glosso-pharyngeal  nerves ;  (5)  the  suljstantia  gelatinosa  Roland i, 
Inced,  with  the  large  spinal  root  of  the  trigeminal  nerve  close  to  its  outer  side. 
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en  transverse  sections  are  made  through  the  pons,  it  is  seen  to  be  conij)osed 

itral  part  and  a  dorsal  or  tegmental  part.     The  ventral  part  is  much  the 

►f  the  two,  and,  broadly  speaking,  it  corresponds  to  the  pyramidal  portions 

nedulla  and  the  pedal  portions  of  the  two  crura  cerebri,  which  lie  above  it  and 

to  issue  from  it.     The  dorsal  tegmental  part  may  be  regarded  as  the  con-  ^ 

on  upwards  of  the  formatio  reticularis  grisea  and  the  fomiatio  reticularis  i 

As  these  parts  are  traced  upwards  into  the  pons  they  become  much  modified,  1 

w  constituents  are  added. 

atral  Part  of  the  Pons  (pars  basilaris  pontis). — This  constitutes  the  chief 

f  the  pons.     It  is  composed  of:   (1)  transverse  fibres  arranged  in  coarse  !■ 

s;  (2)  longitudinal  fibres,  gathered  together  in  massive  bundles;  and  (•^)  a 
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passing  across  upon  the  dorsal  aspect  of  the  latter.  Laterally  these  tnuH 
fibres  are  collected  together  into  one  compact  mass,  which  enters  the  white  a 
core  of  the  cerebellum  and  constitutes  the  middle  cerebellar  peduncle.  Al 
mesial  plane  the  transverse  fibres  of  the  two  sides  of  the  ventral  portion  o 
pons  intercross  and  form  a  coarse  decussation. 

The  gray  matter  (the  nucleus  pontis)  forms  a  considerable  part  of  the  fai 
the  ventral  portion  of  the  pons.  It  is  packed  into  the  intervals  between  the  i 
secting  transverse  and  longitudinal  bundles. 

There  is  a  close  analogy  between  the  p3rramidal  portions  of  the  medulla  and  the  f 
part  of  the  pons.  In  the  medulla  fine  arcuate  fibres  on  their  way  to  the  surface  pass  th 
t  lie  pyramids.  Other  superficial  arcuate  fibres  sweep  over  the  surface  of  the  pyramids. 
present  a  strong  resemblance  to  the  transverse  fibres  of  the  pons.  They  likewise 
the  cerebellum,  although  by  a  different  route,  viz.  the  inferior  cerebellar  peduncle. 
nucleus  pontis  is  also  represented  in  the  pyramidal  part  of  the  medulla  by  the  a 
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Fig.  403. — Secttion  through  the  Lower  Part  of  the  Human  Pons  Varolu  immbdiatblt  a 
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nuclei,  which  are  covered  over  by  the  superficial  arcuate  fibres,  and  even  tend  to  pen 
to  a  slight  extent,  into  the  pyramidal  tracts.  These  arcuate  uuclei,  as  already  point 
arc  continuous  with  the  nucleus  pontis. 

Connexions  of  the  Longitudinal  and  Transverse  Fibres.— Our  knowk 
the  connexions  of  the  longitudinal  and  transverse  fibres  of  the  ventral  part  of  the 
very  far  from  being  complete.  When  a  transverse  section  through  the  upper  part 
pons  is  compared  with  one  close  to  its  lower  lx>rder,  it  becomes  at  once  apparent  tl 
numerous  scattered  bundles  of  longitudinal  fibres  which  enter  the  ventral  part  of  tl 
from  above,  if  brought  together  into  one  tract,  would  form  a  strand  very  much  larg< 
the  two  pyramids  which  leave  its  lower  aspect  and  enter  the  medulla.  It  is  clear, 
fore,  that  many  of  the  longitudinal  fibres  which  pass  into  the  pons  from  above  do  n 
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t  below  into  the  medulla.    What  becomes  of  these  fibres  that  are  thus  absorbed  in 
It  is  known  that  the  pyramidal  bundles  suffer  a  small  loss  by  the  fibres  which 

to  the  nuclei  of  origin  of  the  efferent  nerves  which  arise  within  the  pons  (viz.  the 

t  of  the  fifth,  the  sixth,  and  seventh  nerve  nuclei) ;  but  this  loss  is,  comparatively 

trifling.     It  is  clear,  therefore,  that  other  longitudinal  bundles  enter  the  pons 

e  than  those  which  form  the  pyramidal  tracts.     These  bundles  occupy  a  lateral 

I  position  in  the  ventral  part  of  the  pons,  and  may  be  termed  the  cortico-pontine 

ing  that  they  come  from  the  cerebral  cortex  and  end  in  fine  ramifications  around 

if  the  nucleus  pontis. 

^nsverse  fibres  are  of  two  kinds,  viz. :  (1)  those  which  arise  in  the  cortex  of  the 

n ;    and   (2)   those  which 

in  in   the  nucleus  pontis. 

er  are  the  axons  of  certain 

is  of  the  cortex  of  the  cere- 

jells  of  Purkinje).      They 

•fly  from  the  lateral  hemi- 

it  also  to  some  extent  from 

Ln  lobe  of  the  cerebellum, 

r  the  pons  by  the  middle 
They  end  in  fine  rami- 

around    the   cells  of    the 

>onti8,  some  on  the  same 

le  peduncle  through  which 

I  the  pons,  but  the  majority 
ay  matter  of  the  opposite 

ransverse  fibres  which  arise 

•ns  take  origin  as  axons  of 
of    the    nucleus    pontis. 

iie  mesial  plane,  they  enter 

le  peduncle  of  the  opposite 
thus  reach  the  cerebellar 

[lere  they  end  in  ramifica- 

od  certain  of  the  cortical 

le   middle   peduncle    thus 

both  efferent  and  afferent 

•  fibres,  and  no  fibres  pass 

isly  through  the  pons  from 

le  peduncle  into  the  other. 

tion  to  this  view,  Klimoff 

jrs    hold   that   the   middle 

is  composed  solely  of  centri- 

afferent  fibres,  which  pass 
nucleus  pontis  to  the  cere- 
Some  of  these  fibres  are 

nd  others  direct. 

in  of  the  transverse  fibres  Fio.  404.  —  Diagram  to  show  connexions  ok  the  Direct 

X)n8    turn    backwards    and  Cerebbllar  and  the  Olivocerebellar  Tracts.     The 

^   dorsal  or   tegmental   part  connexions  of  the  fibres  of  the  middle  j>eduncle  of  the  cere- 

,     ^    ^,     ^         .        "  belliim  are  likewise  diagrammatically  shown  (from  Edinger, 

K)ii8,  but   the  precise   con-         modified). 

if  these  are  doubtful. 

ms  Trapezoides. — This  name  is  applied  to  a  group  of  transverse  fibres 
■averse  the  lower  part  of  the  pons  (Fig.  405).  They  are  quite  distinct  from 
hich  have  been  just  described  as  entering  the  middle  peduncle  of  the 
im,  and  they  lie  in  the  boundary  between  the  dorsal  and  ventral  parts  of 
J,  but  encroaching  considerably  into  the  ground  of  the  former.  They  arise 
5  cells  of  the  terminal  nucleus  of  the  cochlear  division  of  the  auditory  nerve, 
^titute  a  tract  which  establishes  certain  central  connexions  for  that  nerve. 

II  be  more  fully  described  when  we  treat  of  the  cerebral  connexions  of  the 
nerve. 

lal  or  Tegmental  Part  of  the  Pons  (pars  dorsalis  pontis). — On  the  dorsal 
)f  the  tegmental  part  of  the  pons  there  is  spread  a  thick  layer  of  \i,tty.^ 
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matter,   covered   l)y   ependyma,  which   forms  the  floor  of  the   upper  or 
part  of  the  fourth  ventricle.     Beneath  this  the  mesial  raphe  of  the 
continued  up  into  the  pons,  so  as  to  divide  its  tegmental  part  into  two  syi 
lialves. 

In  the  lower  part  of  the  pons,  immediately  beyond  the  medulla,  the 
body  is  placed  on  the  outer  side  of  the  tegmental  part  (Fig.  403).     In  ti 
sections  through  the  pons  it  appears  as  a  large,  massive  oval  strand  of  fibres 
gradually  inclines   backwards  into  the   cerel)cllum,  and   thus   leaves    the 
Between  the  restifonn  body  and  the  median  raphe  the  tegmental  part  of  the 
is  composed  of  formatio  reticularis,  continuous  with  the  same   material  in 
medulla.     Thus  arcuate  or  transverse  fibres,  curving  in  towards  the  raphe,  and 
longitudinal  fibres,  are  seen  breaking  through  a  mass  of  gray  matter  which 
the  interstices  of  the  intersecting  fibrea     To  the  naked  eye  the  fonuatio  retici 
presents  a  uniform  gray  appearance,  but  its  constituent  parts  are  revealed  by 
powers  of  the  microscope  in  properly-stained  and  prepared  specimens.     EmI 
in  this  formatio  reticularis  are  various  clumps  of  compact  gray  matter  and 
definite  strands  of  fibres.     These  we  shall  describe  as  we  pass  from  the  restifa 
l»ody  inwards  towards  the  median  raphe. 

(1)  Spinal  root  of  the  trigeminal  nerve  and  the  substantia  gelatinosa  RebLaA 
Close  to  the  inner  side  of  the  restifonn  Ixxiy,  but  separated  from  it  by  the  v« 
bular  root  of  the  auditory  nerve  as  it  proceeds  backwards  through  the  pons,  is  i 
a  large  crescentic  group  of  coarse  transversely-divided  bundles  of  fibres.  This  ii 
spinal  root  of  the  fifth  nerve,  and  applied  to  its  inner  concave  side  is  a  small  n 
of  gray  matter,  which  is  the  direct  continuation  upwards  of  the  substantia  gelatin 
Eolandi. 

(2)  The  nnclens  of  the  facial  or  seventh  nerve  comes  next.  It  is  sunk  deed 
in  the  tegmental  part  of  the  pons  and  lies  close  to  the  transverse  fibres  of  1| 
cori)us  trapezoides.  It  is  a  conspicuous,  obliquely  placed,  ovoid  clump  of  p^ 
matter.  From  its  outer  and  dorsal  aspect  the  root-fibres  of  the  facial  Ml 
stream  backwards  and  inwards  towards  the  gray  matter  on  the  floor  of  the  foo^ 
ventricle.  Passing  forwards  between  this  nucleus  and  the  substantia  Bolandi 
solid  nerve-bundle  may  be  observed.  This  is  the  facial  nerve,  traversing  the  pQ 
towards  its  place  of  emergence  from  the  brain. 

(3)  Inuuediately  internal  to  the  facial  nucleus,  but  placed  more  deeply  in  i 
l(?gmental  part  of  the  pons,  is  the  superior  olivary  nucleus  (nucleus  olivaris  superio 
It  lies  in  a  bay  formed  for  it  by  the  transverse  fibres  of  the  corpus  trapezcnd 
These  fibres  curve  round  its  ventral  aspect,  and  many  of  them  may  be  obser\-ed  pa 
trating  into  its  substance.  In  man  it  is  a  very  small  mass  of  gray  matter,  a 
presents  little  resemblance  to  the  inferior  olivary  nucleus,  except  in  the  size  i 
shape  of  its  constituent  cells.  In  sections  through  the  part  of  the  pons  where 
attains  its  greatest  size,  it  appears  in  the  form  of  two,  or  it  may  be  three,  sm 
isolated  masses  of  gray  matter.  It  is  intimately  connected  with  the  trapei 
fil>res,  many  of  which  end  in  it,  whilst  others  take  origin  within  it. 

rjKm  the  inner  and  dorsal  a.si>ect  of  the  superior  olive  there  is  a  dense  groin*  of  lonptndil 
tihres.  These  constitute  the  central  tegmental  tract ;  but  as  precise  information  in  wpj^ 
its  connexions  is  still  to  a  large  extent  Avanting,  it  is  not  necessarj'  to  do  more  than  indicate 
j)a*»ition. 

(4)  The  posterior  longitudinal  bundle  and  the  fillet  come  next.  As  they  prooe 
upwards  through  the  tegmental  part  of  the  i)ons,  these  longitudinal  tracts  occir 
the  same  relative  position  as  in  the  medulla.  They  are  placed  close  to  the  medi 
ni])he :  but  they  have  drawn  further  apart  fir)m  each  other,  and  their  fibres  i 
more  distinctly  concentrated  into  separate  stnuuls,  with  an  interval  of  some  lit* 
width  between  them.  The  posterior  longitudinal  bundle  lies  immediately  unc 
cover  of  the  gray  matter  of  tlie  floor  of  the  fourth  ventricle.  The  fillet  is  nlac 
close  to  the  trapezial  fibres,  many  of  which  traverse  it  as  they  jmss  towarda  % 
mesial  plane. 

(5)  The  nucleus  of  the  sixth  nerve  also  forms  a  conspicuous  object  in  sectio 
through  the  lower  part  of  the  pons.  It  is  a  round  mass  of  gray  matter,  which 
Kituatetl  close  to  the  outer  side  of  the  posterior  longitudinal  bundle,  and  immediate 
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over  of  the  gray  matter  of  the  floor  of  the  fourth  ventricle.  From  its  inner 
inerouB  root- bundles  of  the  sixth  nerve  pass  out  and    proceed  fon^ards 

the  fillet  -and  the  superior  olivary  nucleus.  They  occupy  in  the  pons, 
re,  a  position  similar  to  that  occupied  by  the  hypoglossal  root-fibres  in  tlie 
I. 

to  the  present  only  the  lower  part  of  the  tegmental  portion  of  the  pons 
Ml  described,  i.e,  the  portion  immediately  adjoining  the  medulla.  As  we 
i  upwards  and  gain  a  point  above  the  level  of  the  trapezial  fibres,  many  of 
uctures  which  have  attracted  attention  lower  down  gradually  disappear 
le  formatio  reticularis.  The  posterior  longitudinal  bimdle,  the  fillet,  and 
tial  root  of  the  fifth  nerve,  however,  are  still  carried  upwards.     Further,  the 
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,    105. — TRAShVERSK  Section  throu<;h  the  Pons  Varolii  at  the  Level  of  the  Nuclei  ok 
THE  Triubminal  Nerve  (OraDg). 

)f  the  fourth  ventricle  becomes  narrower,  and  other  objects  appear  in  tlie 
ental  substance. 

le  superior  cerebellar  peduncle  (brachium  conjunctivum)  is  a  very  con- 
►us  object,  in  sections,  through  tlie  middle  and  upper  parts  of  tlie  pons.  In 
erse  section  it  presents  a  semilunar  outline,  an(l  as  it  emerges  from  the 
ilium  it  lies  immediately  on  the  outer  side  of  the  fourth  ventricle,  towards 
.  its  conciive  aspect  is  turned  (Fig.  405).  Its  dorsal  border  is  joined  with  the 
ponding  jieduncle  of  the  opposite  by  the  thin  lamina  of  white  matter, 
d  the  superior  medullary  velum,  whilst  its  ventral  Ijorder  is  sunk  to  a  small 
t  in  the  dorsal  part  of  the  pons.  As  it  is  traced  upwards  it  sinks  deejn'r  and 
r  into  the  pons  until  it  becomes  (jompletely  submerged,  with  the  exception 
e  pasterior  border  to  which  the  superior  velum  is  attached.  It  now  lies  on 
Lit«r  side  of  the  tegmental  or  reticular  substance  of  the  pons,  and  this  jx^sition 
intains  until  the  mesi'neephalon  is  reached  (Fig.  406). 

bout  hal/'Waf/  uj)  the  j)<^f^^  the  nuclei  of  the  trigeminal  or  fifth  cranial  nerve 
a  very  iiuportant  stage  in   its  tegmental  portion.     Tlujse  nuclei  are  two  in 
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number  on  each  side,  viz.  a  large  oval  terminal  nucleus  for  certain  of  the  i 
fibres  of  the  nerve  and  a  nucleus  of  origin  equally  conspicuous  for  certain  of  ^ 
motor  fibres  (Fig.  405).  The  sensory  nnclens  lies  close  to  the  outer  surface  of  | 
pons,  deeply  sunk  in  its  tegmental  part,  and  in  the  interval  between  the  sub 
anterior  ])order  of  the  superior  cerebellar  peduncle  and  the  ventral  part  of  the  ] 
The  motor  nncleus  is  placed  on  the  inner  side  of  the  sensory  nucleus,  but  i 
nearer  the  dorsal  surface  of  the  pona  At  this  level  the  spinal  root  of  the  1 
nerve  disappears  by  joining  the  fibres  of  the  sensory  portion.  The  sensoiy  i 
motor  roots  of  the  fifth  nerve  traverse  the  ventral  part  of  the  pons  on  their! 
to  and  from  the  region  of  the  nuclei. 

Above  the  level  of  the  nuclei  of  the  trigeminal  nerve  a  new  tract  of  1 
comes  into  view.  This  is  the  mesencephalic  root  of  the  fifth  nerve,  as  it  de 
to  join  the  emerging  fibres  of  the  motor  part  of  the  fifth  nerva  It  is  a  i 
bundle  of  nerve  fibres,  semilunar  in  cross  section,  which  lies  close  to  the  inner  i 
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of  the  superior  cerebellar  peduncle  and  on  the  outer  and  deep  aspect  of  the  gny 
matter  on  the  floor  of  the  fourth  ventricle  (Figs.  406  and  407). 

On  a  sHghtly  deeper  plane  than  the  mesencephalic  root  of  the  fifth  nenB, 
1:>etween  it  and  the  ]X)sterior  longitudinal  bundle,  and  in  close  relation  to  the  gnj 
matter  of  the  floor  of  the  ventricle,  is  the  collection  of  pigmented  cells  which  con- 
stitutes tlie  substantia  femiginea. 

The  posterior  longitudinal  bundle,  as  it  is  traced  upwards  through  the  tegmental 
])art  of  tlie  pons,  maintains  the  same  position  throughout,  and  as  it  ascends  it 
becomes  more  dearly  mapped  out  as  a  definite  and  distinct  tract  It  lies  dose 
to  the  mesial  raphe,  and  immediately  subjacent  to  the  gray  matter  of  the  floor  of 
the  fourtli  ventricle. 

The  fillet  as  it  ascends  through  the  tegmental  part  of  the  pons  underjpa 
striking  changes  in  shape.  In  the  lower  portion  of  the  pons  its  fibres,  which  in 
the  medulla  are  spread  out  along  the  hide  of  the  median  raphe,  are  collected 
together  in  the  form  of  a  loose  bundle,  which  occupies  a  wide  field,  somewhat 
triangular  in  shape,  on  either  side  of  the  median  raphe  and  immediately  behind 
the  ventral  portion  of  the  pons.  As  it  proceeds  up,  the  fibres  spread  out  laterallf 
until  a  compact  ribbon-like  layer  is  fonned  in  the  interval  between  the  tegmental 
and  ventral  portions  (^f  the  jwns.  This  constitutes  what  is  termed  the  mttHf^ 
fillet  (Figs.  406  and  407). 

Above  the  level  of  the  trigeminal  nuclei  another  llattened  layer  of  fibres  comefl 
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ito  view  to  the  outer  side  of  the  mesial  fillet.  To  this  the  name  of  lateral  fillet  is 
tven.  These  fibres  spread  outwards  and  backwards,  and  finally  take  up  a  positi(»n 
9  the  outer  surface  of  the  superior  cerebellar  peduncle.  In  the  angle  between 
pe  mesial  and  lateral  fillets  a  httle  knot  of  compact  gray  matter,  termed  the  lateral 
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THE  Mesencephalon. 

A  is  at  a  nlightly  lower  level  than  B. 

fiDet  nudeiiB,  comes  into  view  (Fig.  406).  This  appears  to  be  in  more  or  less 
direct  continuity  with  the  superior  ohvary  nucleus.  Many  of  the  fibres  of  the 
lateral  fillet  take  origin  in  this  nucleus.  Bruce  has  called  attention  to  the  continuity 
between  the  superior  olive  and  the  lateral  fillet  nucleus  in  man,  and  the  writer 
can  confirm  his  statement  in  so  far  as  the  orang  brain  is  concerned. 


THE   CKREBELLUxM. 

The  cerebellum  lies  behind  the  pons  Varolii  and  the  medulla  oblongata,  and 
below  the  hinder  portions  of  the  cerebral  hemispheres.     From  the   latter  it  is 
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grated  by  an  intervening  ])urtit  ion  ()f  dura  inator,  termed  tlie  tentorium  ferehelli. 
^t  is  distinguished  by  the  numerous  parallel  and  more  or  less  curved  sulci,  which 
Universe  its  surface  and  give  it  a  foliated  or  laminated  a])pearaiice.  It  is  composed 
^^  *  cortex  of  gray  matter  (substiintia  corticalis)  spread  over  its  surface,  with  white 
'^tter  in  the  interior,  fonnin^r  a  central  (^ore  (corpus  meduUare). 
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The  cerebellum  is  subdivided  somewhat  arbitrarily  into  a  median  port 
termed  the  vermis,  and  two  much  larger  lateral  portions,  called  the  Ifttand  hn 
spheres  (hemisplia^ria  cerebelli).  The  demarcation  between  these  main  subdivisi 
of  the  organ  is  not  very  evident  from  ever}'  point  of  view.  In  front,  and  a 
])ehind,  there  is  a  marked  deficiency  or  notch.  The  posterior  notch  (incisnraoe 
l»elli  p(jsterior)  is  smaller  and  narrower  than  the  anterior  notch.  It  is  boand 
laterally  by  the  lateral  hemispheres,  whilst  its  bottom  is  formed  by  the  median k 
or  vermis.  It  is  occupied  by  a  fold  of  dura  mater,  called  the  falx  cerebelli  1 
anterior  notch  (incisura  cerebelli  anterior)  is  wide,  and,  when  viewed  from  9bfm^ 
is  seen  to  be  occupied  by  the  inferior  quadrigeminal  bodies  and  by  the  sapei 
peduncles  of  the  cerebellum.  As  in  the  case  of  the  hinder  notch,  its  sides  t 
formed  by  the  lateral  hemispheres  and  the  bottom  by  the  vermis. 

On  the  superior  surface  of  the  cerel>ellum  there  is  little  distinction  to  be  no) 
l)etween  the  median  lobe  and  the  upper  surface  of  each  lateral  hemisphere.  • 
this  aspect  the  median  lobe  receives  the  name  of  superior  vennis,  and  it  form 
high  median  elevation,  from  which  the  surface  slopes  gradually  downwards  on  « 
side  to  the  margin  of  the  hemisphere.  The  superior  vermis  is  highest  in  fit 
immediately  behind  the  anterior  notch,  and  from  this  it  shows  a  somewhat  sb 
descent  towards  the  posterior  notch.  This  elevation  of  the  superior  worm 
frequently  called  the  monticulus  cerebelli.  The  folia  on  the  surface  of  the  supe 
vermis  are  thicker  and  fewer  in  number  than  those  on  the  upper  surface  of 
lateral  hemisphere.  It  is  this  which  gives  it  the  worm-like  appearance  from  wli 
it  derives  its  name. 

On  the  inferior  surface  of  the  cerebellum  the  distinction  between  the  three  m 
constituent  parts  of  the  organ  is  much  better  marked  (Fig.  409).  On  this  as] 
the  lateral  hemispheres  are  full,  prominent,  and  convex,  and  occupy  the  oerebe 
fossae  in  the  floor  of  the  cranium.  They  are  separated  by  a  deep  mesial  hoi 
whicli  is  continued  forwards  from  the  posterior  notch.  This  hollow  is  termed 
vallecula  cerebelli,  and  in  its  fore-part  is  lodged  the  medulla  oblongata.  When 
medulla  is  raised  and  the  lateral  hemispheres  are  pulled  apart,  so  as  to  expose 
l)ottom  of  the  vallecula,  it  will  \\e  seen  that  this  is  formed  by  the  vermis  inHH 
or  inferior  aspect  of  the  median  lol)e,  and,  further,  that  the  latter  is  separated 
each  side  from  the  corresponding  lateral  hemisphere  by  a  distinct  furrow,  ten 
the  sulcus  valleculsB. 

Sulci  Cerebelli. — Certain  of  the  fissures  which  traverse  the  surface  of 
cerebellum  are  deeper  and  longer  than  the  others,  and  they  map  out  districts  wl 
are  termed  lobes.  One  of  the  most  conspicuous  of  these  clefts  is  the  great  horijwi 
fissure. 

The  great  horizontal  fissure  (sulcus  horizontalis  cerebelli)  of  the  cerebell 
l)egins  in  front  and  passes  continuously  round  the  circumference  of  the  oij 
cutting  deeply  into  its  outer  and  posterior  margins.  In  front,  its  lips  diverge 
enclose  the  three  cerebellar  peduncles  as  they  pass  into  the  interior  of 
cerebellum.  The  great  horizontal  fissure  divides  the  organ  into  an  upper  an 
lower  part,  which  may  be  studied  separately. 

The  j)roniinence  which  is  accorded  to  the  gi-eat  liorizontal  fissure  in  descriptive  aiiatom 
nut  jnj»tified  by  it**  dcA'elonmental  history  and  morphological  status.  It  is  very  late  in  mai 
its  appearance  in  the  fcotal  cerelH^llum,  and  not  infrequently  the  part  of  the  fiNiure  on  the 
side  fails  to  establish  a  continuity  across  the  vermis  with  the  part  of  the  fissure  on  the  ol 
side  of  the  organ. 

Lobes  on  the  Upper  Surface  of  the  Cerebellum. — When  examined  fi 
before  l»ackwMrds,  the  superior  vermis  ]>resents  the  following  subdivisions :  (1) 
lingula;  (2)  the  central  lobule  (lobulus  centralis);  (?t)  the  culmen  monticnli:  (4) 
clivus  monticuli:  (5)  the  folium  cacuminis  (folium  vennis).  With  the  exceptioi 
the  lingula,  each  of  these  is  continuous  on  either  side,  with  a  corresponding  dist 
on  the  upper  surface  of  the  hc^misphere,  thereby  fonning  a  cerel)ellar  lolie.  T 
the  central  lobule  is  prolonged  outwards  on  either  side  in  the  form  of  a  sn 
tlattiMied,  wing-like  expansion  Cidled  the  ala ;  the  culmen  constitutes  the  mec 
connecting  piece  between  the  two  anterior  crescentic  lobules  of  the  hemisphe 
the  clivus  stands  in  the  same  relation  to  the  two  posterior  crescentic  lolmles; 
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le  folium  cacuminis  is  the  connecting  band  between  the  postero-superior  lobules  of 
he  hemispherea 

It  should  be  noted  tliat  this  subdivision  of  the  upper  surface  of  the  cerebellum  is  to  some 
BiHit  conventional,  and  in  certain  particulars  receives  little  support  from  morphological  datii. 

The  lingola  can  only  be  seen  when  the  part  of  the  cerebellum  which  forms  the 
koktom  of  the  anterior  notch  is  pushed  backwards.  It  consists  of  four  or  five  small 
lit  folia  continuous  with  the  gray  matter  of  the  vennis  superior,  which  are  pro- 
longed forwards  on  the  upper  surface  of  the  superior  medullary  velum  in  the  interval 
letween  the  two  superior  cerebellar  peduncles. 

Lobus  Centralis  with  its  Alse. — The  lobulus  centralis  lies  at  the  bottom  of 
the  anterior  cerebellar  notch,  and  is  only  seen  to  a  very  small  extent  on  the  upper 
IDi&oe  of  the  orgau.  It  is  a  little  median  mass  whicli  laterally  is  prolonged  out- 
mds  for  a  short  distance  round  tlie  anterior  notch  in  the  form  of  two  expansions, 
tenued  the  ake. 

Lobus  Culminis. — The  culmen  monticuli  constitutes  the  highest  part  or  summit 
d  the  monticulus  of  the  vermis  superior.  It  is  bounded  behind  by  a  deep  and 
Ifaongly  marked  fissure  called  the  flssura  prima  (Elliot  Smith),  and  is  prolonged 
OQtwurds  on  either  side  into  the  lateral  hemisphere  as  the  anterior  crescentic  lobule. 
TWs  is  the  most  anterior  subdivision  on  the  upper  surface  of  the  hemisphere.  The 
two  anterior  crescentic  lobules,  with  the  culmen  monticuli,  form  tlie  lobus  culminis 
mbellL 

Lobus  Clivi — The  clivus  monticuli  lies  behind  the  culmen,  from  which  it  is 
separated  by  the  fissura  prima,  and  it  forms  the  sloping  part  or  descent  of  the 
ucmticulus  of  the  vermis  superior.  On  each  side  it  is  continuous  with  the  posterior 
Bmeentic  lobule  of  the  lateral  hemisphere,  and  the  three  parts  are  included  under 
the  one  name  of  lobus  clivi. 

The  two  crescentic  lobules  on  the  upper  surface  of  the  hemisphere  are  sometimes  classed 
together  and  described  as  the  lobolas  qua>drangiilaris.  They  are  separated  from  each  other  by  a 
lateral  extension  on  the  upper  surface  of  the  hemisphere  of  the  fissura  prima,  whilst  the 
Drtrterior  crescentic  lobule  is  bounded  behind  by  a  curved  sulcus  termed  by  Elliot  Smith  the 
flania  postlnnata.  The  union  of  the  two  postlunate  furrows  across  the  vennis  sej)arates  tlie 
divns  from  the  folium  cacuminis,  but  in  many  cases  this  junction  fails  to  take  place. 

Lobus  Caouminis. — The  folium  cacuminis  forms  the  most  posterior  part  of  the 
vemil^  sux>erior,  and  when  the  right  and  left  portions  of  the  great  horizontal  fissure 
are  continuous  across  the  vermis  it  bounds  that  fissure  superiorly  at  the  posterior 
notch.  It  is  a  single  folium,  subject  to  considerable  variation  in  the  degree  of  its 
development,  and  its  surface  may  be  smooth  or  beset  with  rudimentary  secondary 
folia.  It  is  the  median  connecting  link  between  the  two  postero-superior  lobules 
of  the  hemispheres,  the  three  parts  fonning  the  lobus  cacuminis.  As  the  folium 
eacuminis  is  traced  outwards  into  the  postero-superior  lobule,  it  is  found  to 
expand  greatly,  and  as  a  result  of  this  the  postero-superior  lobule  on  each  side 
f«>nns  an  extensive  foliated  district  bounding  the  great  horizontal  fissure  a])ove. 

Lobes  on  the  Under  Surface  of  the  Cerebellum. — The  connexion  between 
tlie  several  parts  of  the  inferior  vermis  and  the  corresponding  districts  on  the 
under  surface  of  the  two  hemispheres  is  not  so  distinct  as  in  the  case  of  the  vennis 
^uixrior  and  the  lobules  on  the  upper  surface  of  th(^  hemispheres.  A  groove,  the 
ralcus  valleculse,  intervenes  between  the  vermis  inferior  and  the  heniisphere  on 
each  side. 

From  behind  forwards  the  following  subdivisions  of  the  vermis  inferior  may  be 
recognised:  (1)  the  tuber  valvulae  (tu])er  vermis);  (2)  the  pyramid  (])yramis) ;  (8) 
llie  uvula ;  (4)  the  nodule  (nodulus). 

On  the  under  surface  of  the  hemisphere  there  are  four  main  lobules  niai)ped  out 
'»y  intervening  fissures.  From  l)e]iind  forwards  these  are:  (1)  the  postero-inferior 
lobule,  a  large  subdivision  which  bounds  the  great  horizontal  fissure  on  its  under 
ax])ect :  (2)  the  biventral  lobule  (lobulus  bi venter)  which  hes  in  front  of  the  postero- 
inferior  lobule,  and  is  partially  divided  into  two  parts  by  a  curved  fissure  which 
traverses  its  surface :  (3)  the  tonsil  or  amygdala  (tonsilla),  a  small  rounded  lobule 
whicli  l)Ounds  the  fore-part  of  the  vallecula,  and  is  lodged  in  a  deep  concavity  on 
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the  inner  aspect  of  the  biventral  lobule ;  (4)  the  flocculus,  a  minute  lobule 

on  the  middle  peduncle  of  the  cerebellum  in  front  of,  and  partially  overlapped  b| 

the  anterior  border  of  the  biventral  lobule. 

These  lobules,  with  the  corresponding  portions  of  the  vermis  inferior,  oonstiMi 
the  lobes  on  the  under  surface  of  the  cerebellum.  Still,  it  should  be  noted  tit^ 
just  as  in  the  case  of  the  upper  surface  of  the  organ,  this  subdivision  is  to 
extent  artificial,  and  is  not  in  every  particular  provided  with  a  sound  morphdopa 
basis. 

Liobus  Tuberis. — The  tuber  valvulae,  which  forms  the  most  posterior  part 
the  vermis  inferior,  is  composed  of  several  transversely  arranged  folia  which,  q 
either  side,  run  directly  into  the  postero-inferior  lobule.     The  three  parts  of  thi 
lobus  tuberis  are  thus  linked  together. 

The  postero-inferior  lobule,  which  is  wider  towards  the  vallecula  than  it  n 
further  out,  is  traversed  by  two  or  it  may  be  three  curved  fissurea     The  nuAJ 
anterior  of  these  cuts  off  a  narrow,  curved  strip  of  cerebellar  surface,  which  presentil 
a  more  or  less  uniform  width  throughout  its  whole  length.     This  is  the  ao-calkd  | 
lobulus  gracilis. 

Lobus  Pyramidis. — The  pyramid  is  connected  with  the  biventral  lobule  oi 
each  side  by  an  elevated  ridge  which  crosses  the  sulcus  valleculae.  The  term  lobai 
pyramidis  is  applied  to  the  three  lobules,  which  are  thus  associated  with  ead 
other. 

The  pyramid  is  separated  from  the  tuber  valvulae  by  a  deep  furrow  which  has  been  tennei 
by  Elliot  Smith  the  suprapyramidal  fissure.  It  is  in  a  measure  continuous  with  the  corfd 
fissure,  which  on  the  under  surface  of  the  hemisphere  intervenes  between  the  biventnd  lobok 
and  the  lobulus  gracilis  or  fore  part  of  the  postero-inferior  lobule.  The  name  applied  to  tk 
latter  fissure  by  Elliot  Smith  is  flssora  parapyramidalis. 

Liobiis  Uvoite. — The  uvula  is  a  triangular  elevation  of  the  vermis  inferior,  ft 
lies  between  the  two  tonsils,  and  is  connected  with  each  of  these  by  a  low-lying 
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Fig.  409. — Lower  Surface  of  the  Cerebellum. 

The  tonsil  on  the  right  side  has  been  removed  so  as  to  display  more  fully  the  inferior  medullary  velum  and 

the  furrowed  band. 


band-Uke  ridge  of  gray  matter  scored  by  a  few  shallow  furrows,  and  in  consequenc 
termed  the  furrowed  band.     The  two  tonsils  and  the  uvula  form  the  lobus  uvulse. 

Between  the  pyramid  and  the  u\aila  there  is  a  deep  cleft  which  may  be  termed  the  infh 
pyramidal  fissure  (the  fissura  secunda  of  Elliot  Smith).    This  is  more  or  leas  directlv  connectc 
with  the  retrotonsillar  fissure  which  curves  round  the  tonsil.      The  large  size  of  the  tonsil 
characteristic  of  the  brain  of  man  and  the  anthi-opoid  apes. 

Lobus  Noduli — The  lobus  noduli  comprises  the  nodule  and  the  flocculus  ( 
each  side,  with  a  delicate  connecting  lamina  of  white  matter  termed  the  inteic 
medullary  velum. 
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The  cleft  between  the  nodule  and  the  uvula  is  termed  the  postnodular  fissure  (Elliot  Smith) ; 
UX  between  the  flocculus  and  the  bi  ventral  lobule  is  called  the  fioccalar  fissure. 

The  floocalus  will  usuaUy  be  observed  to  be  partially  divided  into  two  pieces.  The  smaller 
Snder  portion,  which,  as  a  rule,  is  completely  overlapped  by  the  overhanging  edge  of  the 
iTveiitnu  lobule,  is  the  paraflocculns.  This  assumes  very  large  proportions  in  certain  of  the 
als. 


Cnlmtn  niontkaU 


Arrangement  of  the  Gray  and  White  Matter  of  the  Cerebellum.— The  white 
Sifttter  of  the  cerebellum  forms  a  solid  compact  mass  in  the  interior,  and  over  this 
10  spread  a  con- 
tinuous and  uni- 
fosm  layer  of  gray 
matter.  In  each 
lateral  hemi- 
sphere the  white 
eotral  core  is 
iDore  bulky  than 
in  the  median 
lobe  or  worm,  in 
which  the  central 
white  matter  is 
reduced  to  a  re- 
latively thin 
bridge  thrown 
across  between 
the  two  lateral 
hemispheres.  The 
white  matter  in 
the  interior  of  the 

median  lobe  or  worm  is  termed  the  corpus  trapezoides.  When  sagittal  sections 
iie  made  through  the  cerebellum,  the  gray  matter  on  the  surface  stands  out  clearly 
from  the  white  matter  in  the  interior.     Further,  from  all  parts  of  the  surface  of 

*J-^EL..Tbisil  ventricle 
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laltairior  altvmiy  nucleus 


Fig.  410. — Sagittal  Section  through  the  Left  Lateral  Hemisphere 
OF  THE  Cerebellum, 

Showing  the  "  arbor  vitae"  and  the  corpus  dentatum. 


*  ..Cprpua  dentatum 


fX  411._Kroiii  a  dissection  by  Dr.  E<lward  B.  Janiieson  in  the  Anatomical  Department  of  the  University  of 
Edinbnrgh.  The  corpus  dentatum  is  displayetl  from  above  and  the  superior  cerebellar  i>eduucle 
has  >>een  traced  from  it  to  the  mesencephalon. 

^^^  central  core  stout  stems  of  wliite  matter  are  seen  projecting  into  the  lobes  of 
tihe  cerebellum.     From  the  sides  of  these  white  stems  secondary  branches  proceed 
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at  various  angles,  and  from  these  again  tertiary  branches  are  given  off.     Over  I 
various  lamellae  of  white  matter  thus  formed  the  gray  cortex  is  spread,  and  i 
fissures  on  the  surface  show  a  corresponding  arrangement,  dividing  up  the  < 
into  lobes,  lobules,  and  folia.     When  the  cerebellum  is  divided  at  right  angleil 
the  general  direction  of  its  fissures  and  folia,  a  highly  arborescent  appearance  i 
thus  ])resented  by  the  cut  surface.     To  this  the  term  arbor  vits  cerebeUi  is  app~ 
Corpus  Dentatum  and  other  Oray  Nuclei  in  the  White  Matter  of  i 
Cerebellum. — Em])edded  in  the  midst  of  the  mass  of  white  matter  which  forms  1 
central  core  of  each  lateral  hemisphere  there  is  an  isolated  nucleus  of  gray 
which  presents  a  strong  resemblance  to  the  inferior  olivary  nucleus  of  the  medu 
It  is  called  the  corpiis  dentatum  (nucleus  dentatus),  and  it  consists  of  a  cor 
or  plicated  lamina  of  gray  matter,  which  is  folded  on  itself  so  as  to  enclose,  in  j 
flask-like  manner,  a  portion  of  the  central  white   matter  (Figs.  410  and  411]^ 
This  gray  capsule  is  not  completely  closed.     It  presents  an  open  mouth, 
the  hilum,  which  is  directed  inwards  and  upwards,  and  out  of  this  stream 
great  majority  of  the  fibres  of  the  superior  cerel>ellar  peduncle. 

Thive  small  additional  masses  of  gray  matter  are  also  present  on  either  aide  of  the  lueMtl 
plane  in  the  central  white  matter  of  the  cerel)ellnm.  Tnese  are  termed  the  nucleus  embolh| 
iormis,  tlie  nucleus  globoeus,  and  the  nucleus  fastigii  The  nucleus  emboliformis  or  «mboliiiiiil 
small  lamina  of  gray  matter  which  lies  immediately  internal  to  the  hilum  of  the  corpus  dentatoa,  | 
being  thus  relatoil  to  it  somewhat  in  the  same  manner  that  the  mesial  accessory  olivary  nudml 
is  I'elated  to  the  main  inferior  olivary  nucleus.  The  nucleus  globosus  lies  internal  to  theembolDii 
and  on  a  somewhat  deeper  horizontal  plane.  The  nucleus  fastigii  or  roof  nnclens  \»  placed  ill 
the  white  substance  of  the  worm  (corpus  trapezoides)  close  to  the  mesial  plane  and  its  fellow  of  | 
the  opposite  side.     It  is,  therefore,  situated  on  the  mesial  aspect  of  the  nucleiis  globoeus.  ] 

Al though  isolat^xl  from  the  gray  matter  of  the  surface,  these  small  nuclei  aud  the  corpoil 
dentatum  are  connected  at  certain  points  with  each  other.  The  corpus  dentatum  and  tbel 
embolus  pi-esent  a  structure  A-ery  similar  to  that  of  the  inferior  olivary  nucleus.  In  the  nuclm  * 
globosus  and  the  nucleus  fastigii  the  cells  are  somewhat  larger  in  size. 

Cerebellar  Peduncles. — These  are  three  in  number  on  each  side,  viz.  the  middle, 
the  inferior,  and  the  superior  (Fig.  391,  p.  487).  The  fibres  of  which  they  an 
composeii  all  enter  or  emerge  from  the  white  medullary  centre  of  the  cerebellum. 

The  middle  peduncle  is  much  the  largest  of  the  three,  and  has  already  been 
described  on  pp.  486  and  501.  It  is  formed  by  the  transverse  fibres  of  the  pom. 
and  it  enters  the  cerel)ellar  hemisphere  on  the  outer  aspect  of  the  other  tm 
peduncles.  The  lips  of  the  anterior  part  of  the  great  horizontal  fissure  are 
separated  widely  from  each  other  to  give  it  admission  (Fig.  409).  Within  the 
cerebellar  hemisphere  its  fibres  are  distributed  in  two  great  bundlea  Of  these, 
one,  composed  of  the  upper  transverse  fibres  of  the  pons,  radiates  out  in  the  lower 
part  of  the  hemisphere ;  whilst  the  other,  consisting  of  the  lower  transverse  fibres 
of  the  pons,  spreads  out  in  the  upper  part  of  the  hemisphere. 

The  inferior  peduncle  is  simply  the  restiform  boily  of  the  medulla.  After 
leaving  the  medulla  it  ascends  for  a  short  distance  on  the  dorsal  surface  of  the 
pons  and  then  turns  sharply  backwards,  to  enter  the  cerebellum  between  the  other 
two  peduncles. 

The  superior  peduncle,  as  it  issues  from  the  cerebellum,  lies  close  to  the  innff 
side  of  the  middle  peduncle  (Fig.  409).  Its  further  course  upwards  on  the  dorsum 
of  the  pons  to  the  inferior  quadrigeminal  body  has  been  previously  described  (j^. 
486  and  508). 

Connexions  established  by  the  Peduncular  Fibres.— The  fibres  of  the  middla 
peduncle  are  both  att'erent  and  efferent.  The  connexious  which  they  establish  in  the 
pons  arc  described  on  p.  501.  The  efferent  fibres  arise  from  cells  in  the  gray  cortex  of  the 
lat^iral  hemisphere  (also  probably  to  some  small  extent  in  the  cortex  of  the  vermis),  bxA 
end  in  connexion  with  tlie  cells  of  the  nucleus  |>onti8,  and  likewise  in  the  tegmental  part 
of  the  pons.  The  afferent  fibres,  arishig  in  the  pons,  end  in  the  gray  cortex  of  the  lateral 
heniispliere  of  the  cerebellum,  and  perhaps  also  in  the  cortex  of  the  worm. 

The  inferior  peduncle  is  also  composed  of  afferent  and  efi'erent  fibres  (see  p.  496) ;  only 
the  more  imiK)rtant  connexions  which  these  cstiiblish  in  the  cereWUum  can  be  touched  oa 
here.  The  principal  afferent  strand  is  the  direct  cereUllar  tract.  The  fibres  of  this 
stnmd  end  in  the  cortex  of  the  superior  worm  on  both  sides  of  the  mesial  plane,  ^^^ 
chiefly  on  the  opposite  side.     The  cereMlo-olhury  Jibren  are  also  probably  afferent    1^ 
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.  that  they  end  in  connexion  with  cells  in  the  cortex  of  both  the  worm  and  henii- 
mre,  and  alao  cells  in  the  nucleus  deutatus.  The  numerous  arcuate  fib^-es  wliich  euter 
.  inferior  peduncle  establish  connexions  with  cells  in  the  cortex  of  the  lateral  hemisphere 
I  of  the  worm. 

The  mpeirior  pedimde  is  an  efferent  tmct  The  majority  of  its  fibres  come  from 
»  oells  of  the  nucleus  dentatus,  whilst  a  small  proportion  appear  to  come  from  the  cere- 
3br  cortex.  According  to  Kisien  Russell,  the  fibres  which  form  the  dorsal  edge  of  the 
pd  eome  from  the  opposite  side  of  the  cerebellum  and  cross  the  mesial  plane  to  join  the 
dimcle. 

Oar  knowledge  of  the  connexions  of  the  peduncles  of  the  cerebellum  has  been  greatly 
feffided  by  Ferrier  and  Aldren  Turner ;  and  the  account  which  is  given  above,  and  also  at 

Ml,  is  largely  derived  from  their  memoir  on  this  subject. 

Commissural  and  Association  Fibres. — In  addition  to  those  fibres  of  the  white 
adaUary  centre  which  belong  to  the  system  of  peduncles,  there  ai-e  others  which  have 
aclmively  cerebellar  connexions.  Thus  the  various  folia  are  bound  together  by  numerous 
MWlitlmi  flixres,  which  pass  from  one  folium  into  another  around  the  bottom  of  the  inter- 
BBixig  fissure.  Tracts  of  transversely-directed  commissural  fibres  cross  the  mesial  plane 
L  the  white  centre  of  the  vermis,  connecting  corresponding  parts  of  opposite  sides.  These, 
t  aome  measure,  are  analogous  to  the  corpus  callosum  of  the  cerebrum.  The  roof  nuclei 
re  also  closely  bound  by  connecting  fibres  with  the  cortex. 

Ibdnllary  Vela. — The  medullary  vela  are  closely  associated  with  the  cerebellar 
«dancles.  They  consist  of  two  thin  laminie  of  white  matter,  which  are  projected 
«t  from  the  white  central  core  of  the  cereljellum. 

The  saperior  medullary  velum  is  described  on  p.  486.  Laterally,  it  is  continuous 
vith  the  dorsal  edges  of  the  superior  cerebellar  jxiduncles;  whilst,  interiorly,  it 
■  prolonged  downwards  and  Imckwards  under  the  lingula  and  the  central  lobule  of 
die  superior  worm,  to  become  continuous  Nvith  the  central  white  matter  or  corpus 
oapezoides  of  the  worm. 

The  inferior  medullary  velum  is  more  complicated  in  its  connexions.  It  presents 
ouch  the  same  relations  to  the  nodule  of  the  inferior  vermiform  process  that  the 
saperior  velum  presents  to  the  lingula  of  the  superior  vermiform  process.  It  is  a 
wMe  thin  lamina  of  white  matter — so  thin  that  it  is  translucent — which  is  pro- 
longed out  from  the  white  centre  of  the  cerebellum  above  the  nodule.  From  the 
nodule  it  stretches  outwards  to  the  flocculus  on  e<'ich  side,  thereby  bringing  these 
three  small  portions  of  the  cerebellum  into  association  with  each  other  (Fi^'.  409). 
TPhere  it  issues  from  the  white  matter  of  the  cerebellum  it  is  in  contact  with  the 
sajjerior  medullary  velum,  but,  as  the  two  laminiu  are  traced  forwards,  they 
iiverge  from  e*ich  other.  The  superior  velum  is  carried  upwards  between  the 
'Vro  8ui)erior  cerebellar  peduncles,  whilst  the  inferior  medullary  velum  is  curved 
brwards  and  then  downwards  round  the  nodule,  and  ends  at  a  variable  point  in 
free,  slightly  thickened,  crescentic  edge.  The  cavity  of  the  fourth  ventricle 
I  carried  backwards  into  the  cerebellum  between  the  two  vela,  which  thus  form 
{le^iked  and  tent-like  root  for  it. 

Relation  of  the  Tract  of  Gowers  to  the  Superior  Medullary  Velum.— The 

ijceuding  tract  of  (lowers  has  beeu  noticed  in  connexion  with  the  lateral  column  of  the 
:>Til  (]).  4G9).  The  fibres  which  compose  it  are  carried  upwards  through  the  formatio 
jticularis  grisea  of  the  medulla  and  the  corres])onding  part  of  the  tegmental  portion  of 
he  pons.  In  this  part  of  its  course  the  fibres  arc  scattered  and  do  not  form  a  compact 
trand.  Reaching  the  upper  end  of  the  pons  the  tract  turns  backwards,  enters  the 
uperior  medullary  velum,  and  proceeds  downwards  in  it  into  the  cerebellum. 

Roof  of  the  Fourth  Ventricle. — In  its  ui>]>er  ])ari  the  roof  of  the  fourth 
^'entricle  is  formed  l>y  the  superior  medullary  viduni  as  it  stretches  across  between 
the  two  su^H>rior  cerebellar  peduncles,  aud  alao,  to  some  extent,  by  the  approximation 
^f  these  fieduncles  themstdves  as  they  approach  the  mesencephalon. 

In  its  lower  part  the  roof  of  the  ventrich^  is  exceedingly  thin  and  is  not  all 
fonned  of  nervous  matter.  The  inferior  medullary  velum  enters  into  its  Ibnnation, 
and,  where  this  fails,  the  epithtdial  lining  of  the;  cavity,  supported  by  pia  mater,  is 
'sirried  downwards  towards  the  lower  boundaries  of  the  floor  of  the  ventricle.  At 
the  lowest  |)art  of  the  calamus  scriptorius,  and  also  along  each  lateral  Injundarj'  of 
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the  floor,  a  thin  lamiiiii  of  white  matter  is  carried  for  a  short  distance  over( 
epithelial  roof.  The  »iiiall  seiiiilunar  lamina  whicli  stretches  across  between! 
lower  parts  of  th^)  two  clava?  at  the  calamus  scriptorius  and  overhangs  the  op 
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Showing  tlie  thinl  ami  fourth  ventricles  joined  by  the  aqueduct  of  Sylvius. 

of  the  central  canal  is  termed  the  obex  (Fig.  391,  p.  487).  The  lamina  in  connem 
with  the  lateral  Ijoundary  of  the  ventricular  floor  is  more  extensive,  and  is  ciDfld 
the  ligula  (Figs.  388  and  390).  It  begins  on  the  cLiva  and  passes  upwards  over  the 
cuneiite  tubercle  to  the  restiform  body.  On  the  outer  surface  of  the  restiform  bofy  ' 
it  turns  outwards  so  as  to  bound  the  lateral  recess  of  the  ventricle  below,  and  in  Bonn 
cases  it  may  l)e  seen  to  become  continuous  around  the  extremity  of  the  ktenl 
recess  witli  the  inferior  medullary  velum. 

A  short  distance  above  the  calamus  scriptorius  there  is,  in  the  mesial  plane,  aa 
opening  in  the  epithelial  and  pial  roof  of  the  ventricle,  by  which  the  cavity  of  the 
ventricle  communicates  with  the  subarachnoid  space.  This  opening  is  termed  the 
foramen  of  Majendie.  There  is  also  an  aperture  of  a  similar  nature  in  the  epithelial 
and  pial  roof  at  the  extremity  of  each  lateral  recess. 

Two  choroid  plexuses,  or  highly  vascular  infoldings  of  the  pia  mater,  invaginata 
the  lower  part  of  the  roof  of  the  fourth  ventricle.  These  are  placed  one  on  either 
side  of  the  mesial  plane,  and,  although  they  appear  to  lie  within  tlie  cavity,  they 
are  in  reality  excluded  from  it  by  the  epithelial  lining  of  the  ventricle,  which  coven 
over  and  is  adapted  to  every  sinuosity  on  their  surface. 

Two  lateral  oftshoots  from  these  Icmgitudinal  choroid  plexuses  proceed  outvardsk 
and  protrude  in  a  similar  manner  into  the  lateral  recesses. 


Minute  Structure  of  a  Cerebellar  Folium. 

A  ccrobellar  folium  is  coiniK)8ed  of  a  ceutral  core  of  white  matter,  covered  by  a  layer 
of  j^ray  matter.  The  gray  cortex  is  arranged  in  two  very  evident  layers,  viz.  a  superficial 
molecular  layer  and  a  subjacent  rust-colourud  granular  layer.  Between  these  strata  a 
single  layer  of  large  cells,  termed  the  cells  of  Purkii^je,  are  disposed  in  the  form  of  a 
vory  nearly  continuous  sheet.  The  cells  of  Purkinje  constitute  the  most  characteristic, 
and  ]m>bai>ly  the  most  essential,  constituents  of  the  cerebellar  cortex. 

The  cells  of  Purkinje  are  most  numero\is  on  the  summit  of  the  foliimL  At  the 
bottom  of  tlie  sulci  wliich  intervene  between  the  folia  tiiey  become  fewer  in  number,  and, 
tliercfore,  looser  in  their  arrangement.     Each  consists  of  a  large  flask-shaped  or  pyrifonu 
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1  body,  the  narrow  end  of  which  projects  into  the  molecular  layer,  whilst  the  thicker, 
•per  end  rests  oq  the  granular  layer.  From  the  latter  arises  a  single  axon,  which  passes 
Id  the  granular  layer  and  presents  the  peculiarity  of  ahnost  immediately  assuming  its 
edullary  sheath.  From  this  axon  a  few  collateral  branches  soon  arise,  which,  taking  a 
eurrent  course,  enter  the  molecular  layer,  to  end  in  connexion  with  certain  of  the 
IjoinLug  cells  of  Purkinje.  They  would  seem  to  have  the  function  of  binding  together 
Ijacent  cells,  and  thus 
aabliug  them  to  carry  on 
seir  operations  in  harmony 
-ith  each  other. 

The  dendritic  processes 
pring  from  the  narrow  end 
■  the  cell  either  in  the  form 
li  one  or  perhaps  two  stout 
tldka.  These  ascend  into 
sbe  molecular  layer,  branch- 
ing snd  rebranching  until 
ui  tbonsoent  arrangement 
olextraofdinaiy  richness  and 
Bxtent  results.  The  den- 
dritic branches  extend 
throughout  the  entire 
fchickness  of  the  molecular 
larer,  and  the  branching 
tikos  place  in  one  plane  only, 
'viz.  in  a  plane  which  is  trans- 
^mse  to  the  long  axis  of  the 
iolium.  Consequently,  it  is 
only  when  transverse  sections 
MK  made  through  a  folium 
that  the  full  dendritic  effect 
k  obtained ;  in  sections 
Bade  parallel  to  the  long 
ins  of  the  folium  the  cells 
IR  seen  in  profile,  and  are 
observed  to  occupy  quite  a 
narrow  area  (Fig.  414).    The  P. 


Fio.  413.- 


Transversr  Section  through  a  Cerebellar  Folium 
(after  Kolliker). 

Treated  by  the  Golgi  metho«l. 

Axon  of  cell  of  Purkinje. 

bmnching  of  the  dendrites  l;     ?'°f  ^};\'''''  , 

ij  -V       n      f    i>     1  •    •  K  and  K'.    rilires  from  white  tore  ol  folium  ending  in  molecular  laver  in 

(rf  a  cell   of    Purknije   may,  connexion  with  the  dendrites  of  the  cells  of  Purkinje. 

therefore,    l>e    compared     to  m.     Small  cell  of  the  molecular  layer. 

that  which   takes   place   in  C4R.  (Granule  cell. 

the    case     of     a     fruit-tree  ^'^^*  Axons  of  granule  cells  in  molecular  layer  cut  transversely. 

»hich  is   tntincl  against  u  ^^_  ^:!^^ 


around  the  cells  of  Purkinje. 
Neuroglial  cell. 
Axon  of  an  association  cell. 


Id  the  molecular  layer  n. 

the  cells  are  not  particularly 

aumerous,  and  of  these  tlie  most  characteristic  are  the  basket -cells  which  lie  in  tlie 
deeper  part  of  the  layer.  In  addition  to  numerous  dendrites  the  basket-coll  gives  olV  an 
aioH  which  runs  transversely,  as  regards  the  long  axis  of  the  folium,  between  the  planes 
of  juljju-ent  dendritic  arborisations  of  the  cells  of  Purkinje.  At  first  very  fine  tiiese  axons 
LT.wliially  become  coiirse  and  thick,  an<l  at  intervals  they  give  off  collaterals  which  run 
towarls  the  b<xiie8  of  tlie  cells  of  Purkinje.  Reaching  these,  they  V^reak  up  into  an 
onormous  number  of  fine  terminal  branches,  which  enclose  the  cells  of  Purkinje,  as  well 
iw  the  short  non-medullated  portions  of  their  axons,  in  a  close  basket-work  of  fine 
filaments. 

The  gfranular  layer  is,  for  the  most  part,  composed  of  large  numbers  of  small 
LTJimile-like  bodies  closely  packed  together.  Each  of  these  possesses  a  somewhat  large 
nucleus,  with  a  very  small  amount  of  surrounding  protoi)lasni.  From  the  cell  Ixniy  three 
'^r  four,  or  [»erhaps  five,  (hnidrites  and  one  axon  [jroceed.  The  dendrites  an»  short  and 
J^iatc  out  from  different  aspe(!ts  of  the  cell  body.  They  end  in  tufts  of  claw-like  twigs, 
'^hich  either  embrace  or  are  otherwise  in  contact  with  neiirhbouring  granule  cells.  Tlie 
*holc  multitude  of  gninule  cells,  therefore,  are  brought  into  intimate  connexion*  with 
^h  other.  The  axon  passes  into  the  molecular  laver,  in  which  it  ends  at  a  varviiv^ 
37 
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distance  from  the  surface  by  dividing  into  two  branches.  These  diverge  so  sharp 
each  other  that  they  almost  form  a  right  angle  with  the  parent  stem,  and  tii 
parallel  to  the  long  axis  of  the  folium,  threading  their  way  between  the  branche 
various  dendritic  planes  of  the  cells  of  Purkinje  and  entering  into  contact  associati 
them.  When  the  great  number  of  granule  cells  is  borne  in  mind,  and  the  fact  th 
sends  an  axon  into  the  molecular  layer,  the  important  part  which  these  fibres,  wit 
longitudinal  branches,  take  in  building  up  the  molecular  layer  will  be  understood, 
are  found  pervading  its  entire  thickness — from  the  surface  down  to  the  bodies  of  t 
of  Purkinje. 

Near  the  cells  of  Purkinje  a  few  scattered  cells  are  seen  in  the  granular  la; 

different  kind.  These  are  much  larger  ti 
ordinary  granule  cells,  and  are  probably 
nature  of  association  cells.  They  are  ste 
form,  and  have  numerous  long  branching  d( 
and  an  axon  which  divides  up  in  the  g 
layer  to  a  singular  extent. 

The  white  centre  of  the  folium  1 
thinner  as  it  approaches  the  summit.  Thi 
to  the  fibres  which  compose  it  gradually  < 
the  gray  matter  on  the  surface.  The« 
are  of  three  kinds,  viz. :  (1)  axons  of  t 
of  Purkinje;  (2)  fibres  which  apparen 
in  the  granular  layer;  and  (3)  fibrw 
end  in  the  molecular  layer. 

The  axons  of  the  cells  of  FvaM 
medullatod  fibres  which,  entering  th< 
centre  of  the  folium,  form  a  not  iucone 
part  of  it. 

The  fibres  which  end  in  the  grauul 
are  called  moss-fibres.  This  name  is  aj 
them  because,  in  the  granular  laye 
present  at  certain  points  moss-like  thic 
from  which  short  rough  twigs  proceed. 

The  fibres  which  proceed  into  the  n 
layer  give  off  few  or  perhaps  no  branches 
traverse  the  granular  layer.  In  the  dee 
of  the  molecular  layer  they  break 
varicose  branches,  which  twine  arou 
primary  and  secondary  stems  of  the  Purkinje  dendrites. 

Entering  into  the  constitution  of  the  molecular  layer  are  the  following  eleme 
dendrites  of  the  cells  of  Purkinje ;  (2)  basket-cells  and  somewhat  smaller  cells  n€ 
surface ;  (3)  axons  of  the  granule  cells,  with  their  longitudinally  arranged  branc 
the  terminations  of  certain  fibres  from  the  white  core  of  the  folium,  which  end  in 
with  the  Purkinje  dendrites. 

In  the  granular  layer  are  found:  (1)  granule  cells;  (2)  larger  stellate  asi 
cells ;  (3)  axons  of  the  cells  of  Purkinje ;  (4)  moss-fibres  ;  (5)  fibres  traversing  tl 
to  end  in  the  molecular  layer. 


Pio.  414. — Section  through  the  Molecular 
AND  Granular  Layers  in  the  Long  Axis 
OF  A  Cerebellar  Fouum  (after  Kolliker). 

Treated  by  the  Golgi  method. 

P.      Cell  of  Purkinje. 

GR,  Granule  cells. 

N.     Axon  of  a  granule  cell. 

N^    Axons  of  granule  cells  in  molecular  layer. 


THE  DEEP  CONNEXIONS  OF  THE  CRANIAL  NERVES  ATTACHED  T( 

MEDULLA  AND  PONS. 

There  are  twelve  pairs  of  cranial  nerves,  of  which  the  lower  eight  are  s 
to  the  medulla  and  pons  Varolii.  From  above  downwards  these  are  nai 
fifth  or  trigeminal,  the  sixth  or  abducent,  the  seventh  or  facial,  the  ei 
auditory,  the  ninth  or  glossopharyngeal,  the  tenth  or  vagus,  the  eleventh  c 
accessory,  and  the  twelfth  or  hypoglossal.  The  hj^poglossal,  the  spinal  a< 
the  greater  part  of  the  facial,  the  abducent,  and  the  motor  root  of  the  tri 
are  etferent  nerves ;  the  auditory,  the  pars  intermedia  of  the  facial,  and  the 
root  of  the  trigeminal  are  purely  afferent  nerv^es ;  whilst  the  vagus  and  the 
pharyngeal  are  composed  of  both  efferent  and  afferent  fibres.  In  all  cases 
fibres  arise  from  ganglionic  cells  placed  outsvd^  \)\\^  Vix^m  ^.t^^l  ^\vfe\,x^\ft  tl 
stem,  to  end  in  connexion  with  the  ceWa  o?  cettam  tl\xs\«1  ol  \«^sQ2D»^^^Tu 
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on  the  other  hand,  take  origin  within  the  brain  as  the  axons  of  cells  which 
p  grouped  together  in  certain  places  in  the  form  of  nuclei  of  origin. 
.  Nuclei  of  Origin,  or  Motor  Nuclei — In  the  spinal  cord  the  nuclei  of  origin  are 
graaented  by  elongated  columns  of  cells  which  run  more  or  less  continuously  in 
|0  Anterior  horn  of  gray  matter  of  successive  cord-segments,  and  from  these  the  series 
^^flerent  anterior  nerve-roots  take  origin.  In  the  medulla  and  pons  the  nuclei  of 
"  a,  or,  in  other  words,  the  motor  nuclei  of  the  individual  nerves  become,  for  the 
tpart,  discontinuous,  and  are  represented  by  certain  isolated  clumps  of  compact 
'  matter,  in  which  are  placed  the  clusters  of  cells  from  which  the  fibres  of  the 
at  nerves  arise.  The  nucleus  ambiguus,  however,  which  consists  of  a  column  of 
I  from  which  root  fibres  of  the  medullary  part  of  the  spinal  accessory,  of  the  vagus, 

rsibly  also  of  the  glossopharyngeal  are  derived,  is  an  exception  to  this  rule. 
decussation  of  the  pyramids,  the  anterior  horn  of  gray  matter  of  the  cord  is 
'  en  up  by  the  intercrossing  bundles  into  a  detached  head  and  a  basal  part  which 
in  relation  with  the  ventro-lateral  aspect  of  the  central  canal.     Certain 
||E  the  efferent  or  motor  nuclei  of  the  medulla  and  pons  lie  in  the  line  of  the  basal 

Eion  of  the  ventral  horn  of  gray  matter  of  the  spinal  cord,  and  thus  close  to 
mesial  plane.  These  are  termed  mesial  nuclei  of  origin,  and  are  met  with  at 
rent  levels  in  the  brain-stem.  This  group  comprises  the  hypoglossal  nucleus, 
flie  dorsal  motor  nucleus  of  the  vago-glossopharyngeal  nerve,  the  abducent  nucleus 
^d,  in  the  mesencephalon,  the  trochlear  nucleus  and  the  oculo-motor  nucleus). 
Other  motor  nuclei  of  origin  are  present  in  the  form  of  isolated  clumps  or  columns 
of  gray  matter,  which  Ue  at  different  levels  in  the  medulla  and  pons  in  the  line  of 
tte  detached  head  of  the  anterior  horn  of  gray  matter.  They  are  the  nucleus 
■mhiguus  of  the  spinal  accessory,  the  vagus  and  glossopharyngeal,  the  facial 
vndens,  and  the  nucleus  of  the  motor  root  of  the  trigeminal  nerve.  From  their 
'josition  in  the  tegmental  substance  of  the  medulla  and  pons  they  constitute  a  group 
to  which  the  name  of  lateral  motor  nuclei  is  applied. 

The  different  nuclei  of  origin  of  the  efferent  fibres  which  belong  to  the  various 
<niiial  nerves,  both  mesial  and  lateral,  are  connected  with  the  motor  area  of  the 
eerebral  cortex  by  fibres  from  the  pyramidal  tract,  which  enter  the  nuclei  and  end 
in  connexion  with  their  cells. 

Nuclei  of  Termination. — In  the  brain  the  nuclei  of  termination  are  likewise 
discontinuous,  and  are  represented  by  more  or  less  isolated  clusters  or  columns  of 
celk  Unlike  the  motor  nuclei,  however,  these  nuclei  show  no  regular  or  definite 
position  within  the  medulla  and  pons.  Some  are  found  in  the  gray  matter  which 
wpFOunds  the  central  canal,  and  in  its  continuation  upwards  as  the  gray  matter  in 
the  floor  of  the  fourth  ventricle ;  others  are  placed  in  the  tegmental  substance ;  whilst 
two  actually  lie  on  the  surface  of  the  brain-stem,  viz.  the  lateral  and  ventral  nuclei 
of  the  cochlear  or  outer  division  of  the  auditory  nerve. 

The  axons  of  the  cells  of  the  nuclei  of  termination  enter  the  reticular  formation 
of  the  tegmental  substance  as  arcuate  fibres,  and,  crossing  the  mesial  plane,  are 
carried  upwards  in  the  tegmental  substance  of  the  opposite  side  to  establish  direct 
connexions  with  the  optic  thalamus  and  indirect  connexions  with  the  cerebral 
cortex. 

Hypoglossal  Nerve  (nervus  hypoglossus). — The  nucleus  of  origin  of  the  hypo- 
glossal nerve,  the  motor  nerve  of  the  tongue,  lies  in  the  substance  of  the  medulla 
oblongata.  It  is  composed  of  st^veral  groups  of  large  multipolar  cells,  which  closely 
rei«emble  the  cells  in  the  ventral  horn  of  gray  matU'r  in  the  spinal  cord,  and  is 
pervaded  V>y  an  intricate  network  of  fine  fibrils.  In  form  it  is  elongated  and 
rod-like,  and  in  length  it  is  somewhere  about  18  mm.  It  extends  from  a  point 
iimuediately  above  the  decussation  of  the  pyramids  up  to  the  level  of  the  striie 
acusticce.  The  lower  portion  of  the  nucleus  is  thus  placed  in  the  closed  part  of  the 
modulla  (Fig.  397,  p.  493),  whilst  its  upper  part  is  situated  in  the  open  part  of  the 
medulla  (Fig  402,  p.  497).  The  former  litjs  in  that  part  of  the  central  gray  matter 
which  is  continuous  with  the  luisal  part  of  the  ventral  lioru  of  gray  matter  of  the 
cord.  It  is  thus  placed  on  the  ventral  and  lateral  aspect  of  the  central  canal, 
close  to  the  meaia)  plane  and  the  corrcspfmcUujj^  nucleus  of  the  oppos\\Ai  «\!3l^.  T\vfc 
»pperpart  of  the  nucleuH  occujnes  n  position  in  the  j^rav  maUer  on  Wv^  ^ocvt  ^^ 
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tlie  fourth  ventricle,  subjacent  to  the  inner  part  of  the  surface  area,  which  bu| 
described  under  the  name  of  the  trigonum  hypoglosai.     Within  the  nu 
axons  of  the  cells  arrange  themselves  in  converging  bundles  of  fine  fibres,! 
come  together  and  leave  tlie  ventral  aspect  of  the  nucleus  aa  the  fasciculi 
nerve.    The  nerve  bundles  thus  formed  travei^ee  the  entire  antero-poaterior  tli 
of  the  medulla  between  the  formatio  reticularis  griaea  and  the  formatio  ret 
alba,  and  emerge  on  the  surface  in  linear  order  at  the  bottom  of  the  furrow  I 
the  olivary  eminence  and  the  pyramid.     In  the  substance  of  the  medulla  t 
bundles  of  the  hypoglossal  pass  betwt^en  the  main  inferior  olivary  nucleus  i 
mesial  accessory  olivary  nucleus,  and  many  of  them  on  their  way  to  the 
pierce  the  ventral  lamina  of  the  main  olivary  nucleus. 

Xo  decussation  between  the  nerves  of  o|jposite  aides  takes  place  in  the  me 
commissural  fibres  pass  between  the  two  nuclei  (Kulltkcr).     Further,  numerous  fibres  I 
the  opposite  pyramidal  tract  enter  the  nucleus  and  end  in  comiej^ioii  with  its  cells, 
nucleus  is  thus  brought  into  connexion  with  the  motor  area  of  the  opposite  aide  of  \ 
cerebral  cortex. 

Spinal  Accessory  Nerve  (nervus  accessorius), — The  spinal  accessory  is  likt?^ 
a  motor  nerve,  and  it  is  generally  described  as  consisting  of  a  spinal  and  a  medu 
or  accessory  part. 
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FlO.  415.— DiAfiRAMOFTHE  SPINAL 

Origin  of  the  Spinal  Accessory 
Nektr  (after  Bruce). 


KlCI,   416. — fc^ECTlOK   THKODOH   THE    Uppmii    PAICT  UT 

Gehvtcal  Rboion  of  the  Cord  (Orwigl, 
BUowiug  tlie  ori^n  of  the  spitinl  part  of  ll)«  spmal 


The  spinal  part  of  the  nerve  emerges  hy  a  series  of  roots  which  issue  from  Ih* 
surface  of  the  lateral  column  of  the  upper  part  of  tlie  cord  as  low  down  as  the  fifth 
cervical  nerve.     These  take  origin  in  a  column  of  cells  situated  in  the  anterior  horn 
of  gray  matter  of  the  cord  close  to  its  lateral  margiL,  and  immediately  l>ehindthe 
nerve-cells  which  give  rise  to  the  fil)res  of  the  anterior  roots  of  the  upper  five 
cervical  nerves.     The  cells  of  the  accessory  nucleus  are  large,  multipolar,  and  in 
every  respect  similar  to  the  motor  cells  of  the  spinal  nerves.     The  axons  from  theee 
cells  leave  the  dorsiil  aspect  of  the  nucleus  in  converging  groups  to  form  the  root- 
bundles  of  the  nerve.     These,  in  the  first  place,  proceed  straight  backwards  in  the 
anterior  horn  of  gray  matter.     Eeaching  the  bay  between  the  two  horns  of  gray 
matter,  they  turn  sharply  outwards  into  the  white  matter  and  traverse  the  lateral 
column  to  gain  their  points  of  exit  from  the  cord.     At  the  decussation  of  the 
pyramids,  root-bundles,  which  join  the  spinal  accessory  nerve,  are  seen  to  proceed 
from  the  detached  head  of  the  anterior  horn  of  gray  matter. 

The  medullary  part  of  the  spinal  accessory  nerve  has  its  nucleus  of  origin  in  the 
medulla ;  and  its  root-bundles,  as  they  proceed  outwards  from  this,  can  he  distin- 
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idled  by  the  fact  that  they  pursue  a  course  on  the  ventral  side  of  the  spinal  root 
[the  trigeminal  nerve,  whereas  the  vagus  roots,  with  which  they  are  apt  to  be 
iloaed,  pass  through  or  lie  on  the  dorscu  aspect  of  the  trigeminal  root  (Kolliker). 
lb  nncleuB  of  origin  of  the  medullary  part  of  the  accessory  nerve  is  fonned  l)y  tlie 
lie  ocflnmn  of  cells  which  constitutes  the  nucleus  ambiguus,  and  which,  at  a  higher 
Id,  gives  motor  fibres  to  the  vagus  and  glossopharyngeal  nerves. 

'The  part  of  the  spinal  accessory  nerve  which  takes  origin  in  the  spinal  cord  supplies  the 
lilMMnastoid  and  trapezius  muscles.  The  medullary  or  accessory  portion  joins  tlic  vagus,  and 
\k  the  external  and  recurrent  laryngeal  nerves  ft  supplies  tlie  niuscleii  of  the  larynx.  The 
i  of  the  nucleus  ambiguus  from  which  it  arises  has  thus  been  termed  the  laryngeal  nucleus 

OollateraLB  and  fibres  of  the  opposite  pyramidal  tract  end  in  connexion  with  the  cells  of 
^t^of  the  aoceflsory  nerve,  and  thus  bring  its  nucleus  into  connexion  with  the  motor  area  of 
■^  cerebral  cortex.  Fibres  also  from  the  posterior  roots  of  the  spinal  neri^es  (affei'ent  or  sensory 
Eni)  end  in  the  nucleus 

IwgViM  and  Olossopharyngeal  Nerves  (nervus  vagus,  nervus  glossopharyn- 
fBOB). — These  nerves  present  similar  connexions  with  the  brain,  and  they  may 
Imefore  be  studied  together.  The  greater  part  of  both  nerves  is  composed  of 
■bent  fibres,  which  arise  outside  the  brain-stem  from  ganglionic  cells  placed  in 
Iriition  to  the  nerve-trunks.  Both  nerves  likewise  possess  motor  or  efferent  fibres, 
rtich  spring  from  two  special  nuclei  of  origin  situated  within  the  medulla  and 
vnoed  respectively  the  dorsal  motor  nucleus  and  the  nucleus  ambiguus.  The  afferent 
pnglionic  fibres  of  the  vagus  and  glossopharyngeal  enter  the  brain  by  a  series  of 
^oote  which  penetrate  the  medulla  along  the  outer  or  ventral  side  of  the  restiform 
lody.  Within  the  medulla  they  separate  into  two  sets,  viz.  a  series  of  bundles 
jchiefly  composed  of  vagus  fibres),  which  end  in  the  dorsal  nucleus  of  termination 
if  the  vagus  and  glossopharyngeal  nerves,  and  another  series  of  bundles  (chiefly 
9omposed  of  glossopharyngeal  fibres),  which  join  a  conspicuous  longitudinal  tract 
if  fibres  called  the  foscicnlus  solitarius. 

The  doTsal  nucleus  (Figs.  398,  p.  495,  and  402,  p.  497)  of  the  vagus  and  glosso- 
haryngeal  nerves  is  mixed,  and  contains  both  motor  cells  which  give  origin  to 
ferent  fibres  and  cells  around  which  afferent  fibres  of  the  vagus,  and  possibly  also 
the  glossopharyngeal  nerve,  break  up  into  terminal  arborisations.  It  very  nearly 
uals  in  length  the  nucleus  of  the  hypoglossal  nerve,  with  which  it  is  closely 
lated.  Above,  it  reaches  as  high  as  the  striae  acusticae,  whilst  below  its  lower  end 
lb  slightly  short  of  that  of  tlie  hypoglossal  nucleus.  In  specimens  stained  by 
e  Weigert-Pal  method  the  two  nuclei  offer  a  marked  contrast.  The  hypoglossal 
Lcleus  presents  a  dark  hue,  owing  to  the  enormous  numbers  of  fine  fibres  which 
■ine  in  and  out  amidst  its  cells ;  the  vago-glo8sopharyn<,^eal  dorsal  nucleus  is  pale 
Dm  the  scarcity  of  such  fibres  within  it.  In  the  closed  part  of  the  medulla  the 
irsal  vago-glossopharyngeal  nucleus  lies  in  the  central  gray  matter  immediately 
ihind  the  hj'])oglossal  nucleus,  and  upon  the  lateral  as})ect  of  the  central  canal : 
.  the  open  part  of  the  meiluUa  it  lies  in  the  gray  matter  of  the  floor  of  tlie  fourth 
intri<:le.  immediately  to  the  outer  side  of  the  h}^oglossal  nucleus  and  subjacent 
)  the  surface  area  termed  the  trigonum  vagi. 

The  cells  in  the  portion  of  the  dorsal  nucleus  which  acts  as  a  nucleus  of 
rminafion  are  spindle-shaped  in  form  and  similar  to  those  found  in  the  ix)st(Tior 
orn  of  gray  matter  in  the  cord.  In  connexion  with  these  cells,  the  greater 
umber  of  the  afferent  fibres  of  the  vagus  nerve,  and  a  small  proportion  of  the 
tterent  fibres  of  the  glossopharyngeal  nerve  end  in  fine  terminal  arborisiitions. 
I  small  part  of  the  upper  ]X)rtion  of  the  nucleus  may  be  said  to  belong  to  the 
jlosso-pharyngeal  nerve  and  the  remainder  of  the  nucleus  to  the  vagus  nerve. 

The  cells  which  constitute  the  darsal  motor  or  efferent  nucleus  as  seen  in  trans- 
reree  section  appear  in  a  more  or  less  compact  clusU^r,  which  lies  inmiediatelv  to 
he  outer  side  of  the  hypoglossal  nucleus.  These  cells,  although  very  conspicuous, 
tre  not  so  large  a'^  those  in  the  hypoglossal  nucleus,  nor  as  those  in  the  anterior 
loru  of  gray  matter  of  the  cord ;  nor  do  they  stain  so  deeply. 

The  fasciculus  solitarius  (Figs.  397,  p.  493;  39fi,  p.  495 ;  and  402,  p.  497)  is  a 
ound  bundle  of  longiturlinal  fibres  which  fonus  a  very  conspicuous  object  in  trans- 
erse  sections  through  the  medulla.     It  begins  at  the  upper  limit  of  the  medulla, 
3Ta 


518 


THE  NERVOUS  SYSTEM 


and  can  be  traced  downwards  through  its  whole  length.  Its  preciBe  p 
termination  is  not  known,  but  it  is  believed  that  it  is  carried  for  same  d 
downwards  into  the  upper  part  of  the  cord,  viz.  to  the  level  of  the  fourth  c 
nerve,  according  to  KoUiker.  The  relations  of  the  fasciculus  solitarius  i 
the  same  in  all  parts  of  its  course.  It  lies  immediately  to  the  outer  side 
dorsal  vago-glossopharyngeal  nucleus;  but  whereas  in  the  upper  i>art  of  the  i 
it  is  situated  somewhat  on  the  ventral  side  of  that  nucleus,  in  the  lower  dos 
of  the  medulla  it  is  placed  on  its  dorsal  aspect.     Throughout  its  entire  leng 
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traverse  the  substance  of  the  medulla  in  a  backward  and  inward  direction  to  n 
fasciculus  solitarius  and  the  dorsal  nucleus  of  termination,  they  pass  through  tl 
root  of  the  trigeminal  nerve  and  the  substantia  gelatiuosa  Rolaudi  associated 
The  term  ascending  root  is  sometimes  applied  to  the  fasciculus  solitarius ;  but 
conveys  an  altogether  false  conception  of  its  character  it  should  be  discardet 
axons  of  the  nucleus  of  termination  and  of  the  nucleus  of  the  fasciculus  s 
form  central  connexious  with  other  parts  of  the  brain,  but  these  have  not  as  i 
completely  elucidated. 

The  dorsal  efferent  nucleus  gives  olT  fibres  which  join  the  afferent  fibres 
vago-glossopharyngeal  rootlets  as  they  traverse  the  medulla,  and  mixin 
them  they  pass  along  the  same  path  to  emerge  from  the  medulla. 

The  nucleus  ambiguas  (Figs.  398,  p.  495,  and  402,  p.  497)  also  gives  oi 


Fio.  417. — Diagram,  Hhowing  tlie  brain  connexions   of  the   vagus,  glosso- 
pharyngeal, auditory,  facial,  abducent,  and  trigeminal  nerves. 
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ir  or  effeient  fibres  which  join  the  vagus  and  glossopharyngeal  nerves.     The 
which  compose  it  are  large,  multipolar,  and  similar  in  every  respect  to  the 
cells  in  the  ventral  horn  of  gray  matter  of  the  spinal  cord.     These  cells  are 
need  in  a  slender  column  which  is  best  developed  in  the  upper  open  part  of  tlie 
mla.     Here  the  nucleus  can  easily  be  detected  in  transverse  sections  as  a  small 
of  compact  gray  matter  which  lies  in  the  formatio  reticularis  grisea,  midway 
'een  the  dorsal  accessory  olive  and  the  substantia  gelatinosa  Rolandi.    It  there- 
lies  more  deeply  in  the  substance  of  the  medulla  than  the  mixed  dorsal  vago- 
haryiigeal  nucleus.     Eolliker  states  that  it  can  be  traced  downwards  as  low 
level  of  the  decussation  of  the  fillet,  and  upwards  as  high  as  the  place  of 
nee  of  the  cochlear  root  of  the  auditory  nerve.     From  its  dorsal  aspect  the 
as  of  the  cells  proceed,  and  in  the  first  instance  they  pass  backwards  towards 
floor  of  the  fourth  ventricle ;  then,  bending  suddenly  outwards  and  forwards, 
ly  join  the  afferent  roots  of  the  vagus  and  possibly  also  of  the  glossopharyngeal 
I,  and  emerge  from  the  brain  in  company  with  these. 
ir 

^  Uf-on  auatomical  grounds  it  might  be  questioned  whether  the  glossopharyngeal  nerve  contains 
^jaay  efferent  fibres.  It  gives  off,  it  is  true,  one  motor  branch,  viz.  to  the  stylo-pharvngeiis 
ghninle,  but  there  are  paths  by  means  of  which  these  fibres  might  enter  the  nerve'  other  than  by 
*4BQmiiig  directly  from  the  motor  nuclei,  which  have  been  describiKl  in  connexion  with  the  vago- 
-  QJkmophan'ngeEd  nerve-root& 

^  ■'. .        There  is,  further,  some  ground  for  the  belief  that  all  the  fibres  cf  the  glosHoj)]iaryngeal  pass 
sjlftto  the  fasciculus  sohtarius.     In  a  very  instructive  case  described  by  Alexander  Bruce  in  which 
"  ike  glos60pharynge.'d  was  destroyed  in  the  jugular  foramen  by  the  pressure  of  a  tumour,  no 
degenerated  fibres  could  be  traced  beyond  the  fasciculus  solitariut*. 

Auditory  Nerve  (nervus  acusticus). — This  is  a  large  nerve  which  joins  tlie  brain 
at  the  lower  border  of  the  pons  Varolii  and  on  the  ventral  aspect  of  the  restiform 
body.  It  is  an  aflferent  nerve,  and  its  fibres  spring  from  bipolar  ganglionic  cells 
cither  within  or  in  the  immediate  neighbourhood  of  the  labyrinth  or  internal  ear 
(aee  section  dealing  with  the  organs  of  sense).  Beaching  the  brain  the  auditory 
nerve  divides  into  two  parts,  viz.  the  nervus  cochlearis  and  the  nervus  vestibularis, 
which  present  totally  different  connexions  and  apparently  exercise  absolutely 
^tinct  functions.  In  their  further  course  these  two  divisions  deviate  from  each 
other  so  as  to  embrace  the  restiform  body — the  vestibular  part  entering  the  pons 
on  the  inner  or  mesial  aspect  of  the  restiform  body,  whilst  the  cochlear  part 
sweeps  round  its  outer  surface.  Special  nuclei  of  termination  require  to  be 
studied  in  connexion  with  each  part  of  the  nerve. 

The  cochlear  nerve  is  comjx)sed  of  finer  fibres  than  the  vestibular  nerve, 
and  these  accinire  their  medullary  sheaths  at  a  later  period.  It  is  the  true  nerve 
of  hearing,  and  its  fibres  end  in  a  ganglion  which  lies  in  intimate  relation  to  the 
restiform  body,  and  which  may  be  described  as  consisting  of  two  parts.  Of  these 
one,  called  the  tuberculum  acusticum  or  the  lateral  cochlear  nucleus,  is  a  ]jyritbrm 
mass  which  is  placed  on  the  outer  asi)ect  of  the  restiform  ])ody — between  it  and 
the  fl'KJCulus  of  the  ceretellum.  The  second  part,  termed  the  ventral  cochlear 
nuclens,  doi»s  not  extend  so  low  down  as  the  tuberculum  acusticum.  It  is  a  wedge- 
\  shajied  nuclear  mass  which  is  placed  on  the  ventral  as})ect  of  the  restiform  IxkIv  in 
the  interval  l:)etween  the  cxxihlear  and  vestilmlar  divisions  of  tlie  auditory  nerve, 
after  they  have  sepfirated  from  e:ich  other.  The  libres  of  the  cochlear  ncjrve  enter 
these  two  ganglia  and  end  around  the  cells  in  terminal  arborisations,  which  are 
finer,  closer,  and  more  intricate  than  those  met  with  in  any  other  nerve  nucleus  in 
the  bniin. 

The  vestibular  nerve  enters  the  brain  at  a  sli^^htly  higher  level  than  the  cochlear 
nene  and  on  the  mesial  aspect  of  the  ventral  coclilear  nucleus.  It  forces  its  way 
backwards  through  the  pons  Ix^tween  the  restiform  body,  which  lies  on  its  outer 
side,  and  the  spinal  root  of  the  fifth  nerve,  which  is  placed  on  its  inner  side.  Its 
fibres  come  to  an  end  in  three  nuclei  of  termination,  whicli  are  situated  in  the 
'lorsal  part  of  the  pons  and  medulla,  viz.  (1)  the  princi})al  nucleus  or  dorsal  nucleus; 
(2;  the  nucleus  of  the  descending  root ;  and  (3)  tlie  nucleus  of  Deiters. 

The  principal  nucleus  (Figs.  403,  ]>.  500,  and  418,  p.  520)  is  a  large  difVuse 
iiudear  mass,  which  lies  in  the  floor  of  the  fourth  ventricle  subjjicent  to  the  surface 
57^ 
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CORPORA  QUAORiCEMINA 


district  kuowu  as  the  area  acustica  (Fig.  391,  p.  487).  It  is  situated,  tberefoR^ 
both  the  pons  and  the  medulla  to  the  outer  side  of  the  fovea  superior  and  thebi 
inferior.     In  transverse  section  it  is  prismatic  in  outline,  and  crossing  the  suii 

of  its  upper  or  pontiii6| 
immediately  under  1 
ependyma  of  the  venta 
are  the  strise  acusticcL 
When  thenervusva 
bularis,  as  it  traveneii 
brain,  reaches  the  in 
aspect  of  thedorsal  port 
of  the  restiform  bodj 
very  large  proportion 
its  fibres  turn  vertia 
downwards  in  sepu 
bundles  and  form  the 
scending  root  of  the  to 
bular  nerve  (Figs.  398 
495;  402,  p.  497;  4 
p.  500;  418,  p.  5i 
This  proceeds  through 
lower  part  of  the  ponsi 
the  medulla,  in  whid 
may  be  traced  as  &i 
the  level  of  the  decoi 
tion  of  the  fillet, 
sociated  with  the  deace 
ing  root  there  is  a  colu 
of  gray  matter,  with  nei 
cells  strewn  spars 
throughout  it.  Thif 
the  nndens  of  thA 
scending  root,  and 
fibres  end  in  fine  arlxn; 
tions  around  these  nei 
cells. 

Tlie  fibres  of  tlie  vestibular  nerve  likewise  end  in  the  nucleus  of  Deiteri.  ] 
nucleus  is  composed  of  a  number  of  large  and  conspicuous  multipolar  nerve-o 
which  are  scattered  amidst  the  bundles  of  the  upper  part  of  the  descending  i 
of  the  vestibular  nerve.  As  it  is  traced  upwards  into  the  pons  the  nwd 
gradually  inclines  backwards,  and  finally  it  occupies  a  place  in  the  lateral  wal 
the  fourth  ventricle.  It  attains  its  greatest  development  at  the  level  of 
emerging  part  of  the  facial  nerve,  and  this  upper  part  is  sometimes  termed 
nucleus  of  Bechterew. 


-Central  C'onxrxions  of  the  Cochi^ar  and  Vestibular 
Divisions  of  the  Auditory  Ner\'e. 

(Diagram  founded  on  druwincA  by  E<Hug<T  and  Ferrier  and  Turner.) 


Central  Connexions  of  the  Cochlear  Nerve.— Tlie  cochlear  nerve  is  broi 
into  connexion  with  the  inferior  qiiadrigeniinal  body,  and  the  corpus  geuicuU 
internum  of  the  opposite  side  by  the  fibres  of  the  corpus  trapezoides  and  the  lat 
fillet.  But  this  connexion  is  not  direct ;  the  chain  is  composed  of  several  separate  1 
or  neurons  superimposed  one  over  the  other. 

The  fibres  of  the  cochlear  nerve  end  in  the  ventral  cochlear  nucleus  and  in  the  ti 
culuin  acusticum.  From  the  cells  of  these  nuclei  two  tracts  arise,  viz.  a  ventral  t] 
composed  of  the  fibres  of  the  corpus  trapezoides,  and  a  dorsal  tract,  which  is  represe 
by  the  stria?  acustic®. 

The  corpus  trapezoides  (Figs.  418  and  419)  is  formed  of  the  axons  of  the  cells  o: 
ventral  cochlear  nucleus,  as  well  as  certain  of  the  axons  of  the  cells  of  tuberci 
acusticum.  In  the  midst  of  the  corpus  trapezoides  are  lodged  large  cells  which  are  ki 
as  the  nucleus  trapezoideus^  and  these  give  off  axons  which  join  the  strand  with  ^ 
they  are  associated.  Further,  the  tfuperionr  olive  forms  an  important  intemode  id 
path  of  the  corpus  trapezoides.     Many  of  the  fibres  of  the  corpus  trapezoides  end  in 
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ptiKxie,  whilst  others  are  added  U»  the  tract  from  the  cells  of  that  nuclear  mass.  So 
iffftituted,  the  trapezial  fibres  cross  the  mesial  plane  and  decussate  with  the  correspond- 
p  fibres  of  the  opposite  side.  Reaching  the  opposite  superior  olivary  nucleus  a  further 
flrohange  of  fibres  takes  place,  and  almost  immediately  after  this  the  strand  turns 
■mds  and  becomes  the  lateral  fillet  (Figs.  405,  p.  503;  406,  p.  504).  But  still 
Dther  nucleus  is  interposed  in  its  path,  viz.  the  nurieus  of  the  latei-af  Jiflet.  Here 
VW  fibres  are  dropped,  whilst  from  the  nuclear  cells  others  are  accjuired,  and  the  lateral 
HBt  then  proceeds  onwards  without  further  interruption  until  it  reaches  the  inferior 
ivdngcmiual  body  and  the  corpus  geniculatum  internum,  in  which  its  tibres  end.  It  is 
obftble,  however,  that  some  likewise  extend  into  the  superior  quadrigeminal  body. 

Bat  the  Literal  fillet  also  includes  the  fibres  of  tlio  stris  acusticae  of  the  opposite 
h-  These  fibres  arise  from  the  cells  of  the  tuberculum  acusticum,  and  arrange  them- 
■.ns  in  the  conspicuous  bundles  which  sweep  round  the  dorsal  aspect  of  the  resti- 
■m  body  and  proceed  inwards  across  the  floor  of  the  fourth  ventricle,  immediately 
iHietth  the  epeudyma  (Fig.  391,  p.  487).  Reaching  the  middle  line  they  dip  forwards 
Kto  the  substance  of  the  medulla,  and,  crossing  the  mesial  plane,  thev  join  the  lateral 
Ort. 

It  is  well  to  remember  that  the  connexion  between  the  terminal  cochlear  nuclei  and 
bt  inferior  quadrigeminal  body  is  not  altogether  with  that  of  tiie  opposite  side,  as  the 
SRgoiDg  description  and  the  diagram  (Fig.  418)  might  lead  one  to  infer.  A  few  fibres 
■n  directly  to  the  inferior  quadrigeminal  body  of  the  same  side,  but  none  to  the  corre- 
pooding  corpus  geniculatum  internum  :  the  connexion  with  tiie  latter  is  entirely  cromaed 
rerrier  and  Turner). 

From  the  corpus  geniculatum  internum  there  proceeds  a  tract  to  the  gray  cortex  of 
he  superior  convolution  of  the  temporal  lobe.  Tlie  whole  nervous  apparatus  is  thus 
inked  on  to  the  cerebral  cortex,  and  the  succession  of  neurons  which  build  up  the  entire 
ditin  are  therefore :  (1)  the  bipolar  cells  of  the  ganglion  spirale;  (2)  the  neurons  of  the 
;cnainal  cochlear  nuclei ;  (3)  the  neurons  of  the  superior  olive  and  the  nucleus  of  the 
ateral  fillet ;  (4)  the  neurons  of  the  corpus  geniculatum  internum. 

It  must  Ix;  borne  in  mind  that  all  the  axons  of  the  cells  of  the  superior  olive  do  not 
join  the  trapezoid  strand.  Many  leave  its  dorsal  asi)ect  and  pass  backwards  in  a  group 
nlled  the  pedicle  of  the  superior  olive,  to  end  in  the  nucleus  of  the  sixth  nerve,  and, 
through  the  posterior  longitudhial  bundle,  in  the  nuclei  of  the  fourth  and  third  nerves. 
In  thi.s  way  the  orgiui  of  hearing  is  bn)ught  into  connexion  with  the  nuclei,  which  i)reside 
OTcrthe  movements  of  the  eyeballs  (Figs.  403,  p.  500,  and  420,  p.  523). 

Central  Connexions " of  the  Vestibular  Nerve— Although  tlie  centml  con- 
nexions of  the  vestibular  nerve  have  been  closely  studied  by  nwiny  observers,  they  are 
still  very  far  from  being  fully  understood.  The  principal  micleus  and  the  nucleus  of 
Deiters  both  >stancl  in  intimate  relation  with  the  superior  vermis  of  the  cerebellum  ;  and 
in  cuusideration  of  the  fact  that  the  vestibular  nerve  is  the  nerve  of  equilibration,  this 
is  an  imix)rtant  and  significant  circumstance.  The  strand  which  establishes  this  con- 
neiiou  has  been  termed  by  Edinger  "the  direct  sensory  cerebellar  tract,"  and  in  all 
probability  it  is  an  efferent  tract  from  the  cerebellum.  Its  fibres  arise  to  a  large  extent 
in  the  cerebellar  roof  nuclei  of  the  op[K>site  side,  and,  crossing  the  mesial  plane,  they 
sweep  forwanls  around  the  outer  side  of  the  superior  cerebellar  peduncle  as  it  emerges 
from  the  cerebellum  to  end  in  the  nucleus  of  Deiters,  the  chief  vestibular  nucleus,  and 
ven-  jx^ssibly  also  in  the  terminal  sensory  nuclei  of  certain  other  cranial  nerves,  such  as 
the  trigeminal,  vagus,  and  glossopharyngeal. 

Until  the  precise  nature  of  the  nucleus  of  Deiters  is  discovered,  the  exact  clianictor 
of  the  central  connexions  of  the  vestibular  nerve  will  remain  more  or  less  obscure,  it 
cannot  Ik?  regarded  as  a  nucleus  specially  given  over  to  the  vestibular  nerve.  Composed 
of  Lirge  cells  scattered  amidst  the  bundles  of  the  upper  part  of  the  descending  root  of  the 
vestibular  nerve,  it  only  becomes  a  compact  nucleus  above  the  level  of  that  nerve,  viz. 
at  the  point  where  the  restiforni  body  turns  backwards  into  the  cerebellum,  or,  in 
other  words,  at  the  level  of  the  emerging  facial  nerve  and  the  lower  end  of  the  abducent 
nucleus.  Here,  in  the  outer  part  of  the  floor  of  the  fourth  ventricle,  its  cells  are  gathered 
toi^'other  in  a  crowded  mass.  Deiters  himself  considered  that  this  nucleus  should  be 
regiirded  as  an  internode  between  the  cerebellum  and  the  spinal  cord,  and  Ferrier  and 
Tunier  have  brought  forward  strong  evidence  in  support  of  this  view.  Klinjofi'  attaches 
a  very  high  importiince  to  the  direct  "sensory"  tract  of  Edinger.  From  his  description 
it  would  appear  that  he  regards  it  as  the  only  cerebellar  efferent  tract  which  takes  a 
tlownward  direction.  He  believes,  further,  that  the  axons  of  the  cells  of  Deiters  form  the 
anterior  marginal  tract  of    Lowenthal    (tmctus   vcstibulo-spinalis  of    Mouivkovf^,  >n\\\c\\ 
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descends  in  the  autero-lateral  column  of  the  cord  as  far  as  the  lumbar  regioiL  I 
supposed  that  the  fibres  of  this  tract  end  in  the  cord  in  arborescent  terminatioos  mi 
the  motor  cells  in  the  ventral  horn  of  gray  matter. 

From  what  has  been  said  it  must  be  apparent  that  the  nucleus  of  Deitera  pkjtii 
important  part  in  connexion  with  the  maintenance  of  the  equilibrium  of  the  bodjj 
the  co-ordination  of  its  muscular  movements.  Thus  it  constitutes  an  intemode  mi 
path  of  those  fibres  which  connect  the  cortex  and  roof  nuclei  of  the  cerebelluin  with^ 
motor  apparatus  of  the  spinal  cord;  it  receives  fibres  through  the  vestibular  iien«  I 
the  labyrinth  of  the  ear;  and  it  sends  fibres  into  the  posterior  longitudinal  \jm 
through  which  it  in  all  probability  exercises  some  influence  over  the  nuclei  of  the  oa 
nerves. 

Opinion  is  also  divided  as  to  the  composition  and  nature  of  the  so-called  deaceoi 
root  of  the  vestibular  nerve.  After  division  of  the  eighth  ner\'e,  Ferrier  and  Turner  i 
unable  to  detect  any  degeneration  in  this  root,  and  they  therefore  are  inclined  to  ed 
question  its  direct  continuity  with  the  nerve.  They  consider  that  in  all  probabifit 
forms  an  intern  uncial  connexion  between  the  nucleus  of  Deitcrs  and  the  cuueate  nodi 
in  which  Bruce  has  seen  its  lower  end  to  terminate. 


Fio.  419.— Skction  thwough  thk  Pons  Varoui  of  the  Orano, 

Showiug  the  nucleus  and  intrapoutine  course  of  the  facial  nerve.     The  left  side  of  the  drawing  is  takei 
from  a  section  at  a  slightly  lower  level  than  the  section  from  which  the  right  side  is  taken. 


1 .  Ascending  iwrt  of  facial  uerve. 

1.  A8cen<ling  part  of  facial  nerve. 

2.  Posterior  longitudiiial  bundle. 

3.  Restifonn  b<»dy. 

3.  DcMCcndinp  roi>t  of  eighth  n»T\'e. 

4.  Radicular  fibres  of  facial  nerve. 

4.  Nucleiw  of  sixth  nerve. 

5.   Keatilorrn  body. 

5.  Sixth  Nerve. 

0.  Facial  nucleus. 

0.  Emeojent  part  of  fiwlal  nerve. 

7.  Spinal  root  of  tlfth  nerve. 

7.  Peduncle  of  superior  olive. 

8.  Vestibular  nerve. 

8.  SuiKjrior  olive. 

9.  Superior  olive. 

l».  C!orpus  trapezoides. 

10.  FiUet. 

10.  Facial  nerve. 

11.  Pyramidal  tract. 

11.  Pixth  nerve. 

12.  Transverse  fibres  of  pons. 

V2.  Pyramidal  tract. 

13.  Transverse  fibres  of  pons. 

Facial  Nerve  (nervus  facialis)  (Figs.  419  and  420). — The  facial  nerve  isc 
posed  of  two  distinct  parts,  viz.  a  large  efferent  or  motor  portion,  the  fiftcial  xb 
proper,  and  a  small  efferent  sensory  portion  termed  tlie  pars  intermedia  of  WriBl 
The  facial  nerve  emerges  from  the  brain  at  the  lower  border  of  the  pons,  immedia 
in  front  and  to  the  inner  side  of  the  auditory  nerve,  whilst  the  pars  interm 
sinks  into  the  upper  part  of  the  medulla  l)etween  the  facial  and  auditory  nei 
The  three  nerves,  therefore,  lie  in  intimate  relation  with  each  other,  where 
are  attached  to  the  surface  of  the  brain,  and  they  pass  in  company  into  the  intc 
auditory  meatus. 
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The  nueleiis  of  origin  of  the  fascial  nerve  is  au  oval  mass  of  gray  matter,,  about 
muL  in  length,  and  containing  numerous  groups  of  large  multipolar  cells.  It 
ank  deeply  in  the  dorsal  or  tegmental  part  of  the  lower  portion  of  the  pons 
lolii,  and  is  placed  close  to  the  inner  side  of  the  spinal  root  of  the  fifth  nerve. 
ken  transverse  sections  are  made  through  the  brain-stem,  the  facial  nucleus  is 
laantered  the  moment  the  boundary  line  between  tbe  medulla  and  pons  is 
Bed,  and  the  region  immediately  above  the  inferior  olivary  nucleus  is  reached. 
first  it  lies  so  deeply  in  the  tegmentum  of  the  pons  that  it  actually  rests  upon 
I  dorsal  aspect  of  the  corpus  trapezoides ;  but  a  little  farther  up  the  superior 
fe  comes  into  view,  and  insinuates  itself  between  the  facial  nucleus  and  the 
ipezial  fibres.  The  upper  part  of  the  nucleus  is  in  this  way  tilted  somewhat 
ekwards,  and  thus  comes  to  lie  on  the  dorsal  and  outer  aspect  of  the  superior 
m. 

The  facial  nucleus  is  situated  close  to  the  place  where  the  nerve  emerges  from 
e  brain,  but  the  nerve  does  not  at  once  pass  to  this  point  of  exit.  It  pursues 
long  and  devious  path*  within  the  pons  before  it  finally  reaches  the  surface. 
is intrapontine  part  of  the  nerve  may  be  divided  into  three  parts,  viz.:  (1)  a 
icular  i)art,  (2)  an  ascending  portion,  and  (3)  an  emergent  part. 
The  radicular  part  of  the  facial  nexre  (Fig.  420)  is  composed  of  a  large  number 
ine  loosely-arranged  bundles  of  fibres,  which  issue  from  the  outer  and  dorsal 
5ct  of  the  nucleus  and  proceed  backwards  and  slightly  inwards  through  the 
a.  Reaching  the  floor  of  the  fourth  ventricle  they  curve  inwards,  and  the 
dies  which  lie  highest  up  sweep  over  the  outer  and  dorsal  aspect  of  the  lower 
.  of  the  nucleus  of  the  sixth  nerve.  Close  to  the  mesial  plane  they  turn 
ply  upwards  and  are  collected  into  a  single  solid  nerve-bundle,  which  consti- 
s  the  ascending  part  of  the  facial  nerve  (Figs.  419  and  420).  This  proceeds 
ically  upwards  inmiediately 
eath  the  ependyma  of  the 
tricular  floor,  on  the  dorsal 
ict  of  the  posterior  longitudinal 
die,  and  along  the  inner  side 
.he  sixth  or  abducent  nucleus 
a  distance  of  about  five  milli- 
res.  Suddenly  the  nerve  bends 
wards  at  a  right  angle,  and 
ves  a  second  time  over  the 
sal  aspect  of  the  sixth  or 
lucent  nucleus.  The  nerve  now 
ses  straight  to  the  place  of  exit 
DOL  the  brain,  and  this  part  of 
t  intrapontine  trunk  may  be 
laed  the  emergent  portion  (Figs. 
)  and  420).  The  facial  nerve 
IS  forms  a  curved  loop  over  the 
•sal  aspect  of  the  abducent 
cleus.  The  emergent  part  of 
?  nerve  takes  an  oblique  course 
rough  the  pons  to  reach  the 
rfiice.  It  inclines  outwards  and 
wnwards  as  it  proceeds  towards 
e  ventral  aspect  of  the  pons, 
d  on  its  way  it  passes  between 
own  nucleus  and  the  spinal  root 
the  fifth  nerve. 


Fig.  420.- 


-DlAGKAM  OF  THE  InTHAPONTIXE  CoURSE  IH'RSCKD 

BY  THE  Facial  Nervk. 


Entering  the  facial  nucleus,  and  ending  in  fine  terminal  arborisations  around  its  cellH,  are 
iny  fibres  from  the  opjwsite  T»yranndal  tract;  fibres  from  the  spinal  root  of  the  fiftli  nerve ; 
^  from  the  corpus  ti-apezoifles,  etc  The  nucleus  is  tlius  brought  into  connexion  with  the 
>tor  area  of  the  cerebral  cortex,  with  tlie  trigeminal  nerve  or  sensory  nerve  of  the  face,  and 
th  the  auditory  nerve,  et<;. 
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The  fibres  of  tlie  pars  intermedia  of  Wrisberg  arise  from  the  cells  of  the  ^ 
culate  ganglion  of  the  facial  nerve.     These,  like  the  cells  of  a  spinal  ganglioiil 
unipolar,  the  single  process  in  each  case  dividing  into  a  peripheral  and  a 
branch.     The  group  of  peripheral  fibres  represent  the  chorda  tympani " 
the  facial  nerve,  whilst  the  central  fibres  form  the  pars  intermedia.     The 
i)enetrate  the  brain,  and,  passing  either  through  or  on  the  dorsal  side  of  the 
root  of  the  fifth  nerve,  they  finally  reach  the  upper  part  of  the  column  of 
matter  in  connexion  with  the  fasciculus  solitarius,  and  in  this  they  end.    The 
intermedia  presents,  therefore,  the  same  terminal  connexions  within  the  bnin 
the  glossopharyngeal  nerve. 

Efferent  secretory  fibres  are  also  described  as  being  present  in  the  pars  intermedia, 
are  said  to  spring  from  cells  wliich  constitute  a  salivary  nucUw  placed  in  the  pons  on  the 
aspect  of  the  facial  nucleus. 

Abducent  or  Sixth  Nerve  (nervus  abducens)  (Figs.  419  and  420). — This  is 
small  motor  nerve  which  emerges  from  the  brain  at  the  lower  l>order  of  the 
on  the  outer  side  of  the  pyramid  of  the  medulla.     It  is  the  nerve  of  su^^ 
the  external  rectus    muscle   of  the  eyeball.      Its  nucleus  of  origin  is  a 
spherical  mass  of  gray  matter,  containing  large  multipolar  cells,  which  lies 
the  dorsal  part  of  the  tegmental  portion  of  the  pons,  close  to  the  mesial  plane 
immediately  subjacent  to  the  gray  matter  of  the  floor  of  the  fourth  ventride- 
position  can  be  easily  indicated  on  the  ventricular  floor,  seeing  that  it  is  y 
subjacent  to  the  emenentia  teres  and  immediately  above  the  level  of  the 
acusticsD.     Its  peculiar  and  intimate  relation  to  the  intrapontine  portion  of 
facial  nerve  has  already  been  indicated.     It  lies  on  the  ventral  aspect  of,  and  wil 
the  concavity  formed  by,  the  two  limbs  of  the  loop  of  that  nerve. 

The  axons  of  the  multipolar  cells  of  this  nucleus  emerge  from  the  inner  aspeok 
of  the  nucleus  in  the  form  of  several  bundles,  which  proceed  through  the  wboh 
antero-posterior  thickness  of  the  pons  towards  the  place  of  exit.  As  they  pifl 
forwards  they  incline  downwards  and  slightly  outwards.  In  the  tegmental  part 
of  the  pons  they  proceed  forwards  on  the  inner  side  of  the  superior  olive,  whibi  a 
the  ventral  part  of  the  pons  they  keep  for  the  most  part  to  the  outer  aide  rf 
the  pyramidal  bundles,  although  several  of  the  nerve  fasciculi  pierce  these  ci 
their  way  to  the  surface. 

It  would  appear  probable  that  certain  of  the  axons  of  the  cells  of  the  abducent  nucleus  enttf 
the  posterior  longitudinal  fasciculus  and  proceed  upwards  in  it  to  join  the  third  or  oaJD- 
motor  nerve  of  tlie  opposite  side.  Further  mention  of  these  will  be  made  later  on.  Filw 
and  collaterals  from  the  pyramidal  tract  of  the  opjwsite  side  enter  the  nucleus,  and,  ending 
around  the  cells,  bring  the  nucleus  into  connexion  with  the  motor  area  of  the  cerebral  corta 
The  pedicle  of  the  superior  olive  ends  partly  within  the  nucleus  of  the  abducent  nerve  (p.  521). 

Trigeminal  or  Fifth  Nerve  (nervus  trigeminus). — The  trigeminal  nerve  striktt 
its  roots  deeply  into  the  brain  and  establishes  a  connexion  with  it  which  extendi 
from  the  upper  part  of  the  mesencephalon  above  to  the  level  of  the  second  cervicil 
nerve  below.  No  other  cranial  nerve  presents  so  extensive  a  connexion  (Fij 
417,  p.  518).  It  is  composed  of  two  roots — a  large  afferent  or  sensory  root  vA 
a  small  efferent  or  motor  root.  Both  roots  appear  close  together  on  the  sorto 
of  the  pons,  rather  nearer  its  upper  border  than  its  lower  border,  and  in  the  sum 
line  as  the  facial  and  auditory  nerves. 

The  sensory  root  of  the  fifth  nerve  is  composed  of  fibres  which  arise  outside  ibfi 
brain  from  the  cells  of  the  Ga&serian  ganglion.  They  end  within  the  brain  in  two 
nuclei  of  termination.  One  of  these  is  situated  in  the  pons  and  is  termed  the 
sensory  nucleus  of  the  trigeminal  nerve,  and  the  other  is  a  long  column  of 
gray  matter  which  is  directly  continuous  below  with  the  substantia  gelatinott 
Kolandi  of  tlie  spinal  cord. 

The  sensory  nucleus  (Fig.  421)  is  an  oval  mass  of  gray  matter  which  is  .placed 
half-way  up  the  pons  in  the  outer  part  of  its  tegmental  portion.  It  lies  close  to 
the  outer  surface  of  the  pons  and  immediately  subjacent  to  the  ventral  submerged 
margin  of  the  superior  cere})ellar  peduncle.  It  is  directly  continuous  with  the 
substantia  gelatinosa  Rolandi,  and  may  be  regarded  as  being  merely  the 
upper  end  of  that  column  of  gray  matter. 
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The  fibres  of  the  sensory  root  of  the  fifth  nerve,  on  reaching  the  sensory  nucleus, 
Ida  in  a  manner  similar  to  the  fibres  of  the  entering  posterior  roots  of  the  spinal 
?ea  into  a  system  of  ascending  and  descending  branches  (Fig.  417,  p.  518). 
I  ascending  fibres  are  short,  and  almost  immediately  enter  the  sensory  nucleus 
I  end  within  it ;  the  descending  fibres  turn  sharply  downwards  and  form  the  spinal 
I  (tractus  spinalis :  the  ascending  root  of  many  text-books).  This  root  descends 
the  outer  side  of  the  column  of  gray  matter  formed  by  the  substantia  gelatinosa 
landi,  which  constitutes  its  terminal  nucleus.  Fibres  constantly  leave  it  to 
ker  the  nucleus,  so  that  the  lower  it  gets  the  smaller  does  the  spinal  root  become 
itil  in  the  upper  part  of  the  spinal  cord,  about  the  level  of  the  first  or  second 
inal  nerve,  it  disappears  altogether. 


or  oenlieUiir  pedundo — 

If  estmecpbEllfl  root  of  tbe  dftli  tierre- — _ 

Hok^  nudirtiB  of  tU©  fifth  norvc 
Moior  nut  of  Ute  flftb  nerre 

nocy  nadf  lu  of  tW  firUi  neive^ 

Bopenor  oil  v*-^._ 
wrtTY  root  of 


Supf  rior  medullary  valum 


eeteCKiiiJut 


Fio.  421.— Section  throcoh  the  Pons  Varolii  ok  the  Orano,  at  the  Level  of  the  Nuclei 

OF  the  Trigeminal  Nerve. 


The  large  spinal  root  of  the  fifth  nerv-e  is  a  conspicuous  object  in  sections  throupb  the 
lis  and  me<lulla.  In  the  former  it  traverses  the  tegmental  part,  first,  between  tlie 
lergent  part  of  the  facial  nerve  and  the  vestibular  nerve ;  and  then  lower  down,  between 
?  restiform  body  and  the  nucleus  of  the  facial  nerve  (Fig.  419,  A,  p.  522).  In  cross 
itious  it  presents  a  well-defined  semilunar  or  cun^ed  pyriform  outline.  In  the  u[>per 
rt  of  the  medulla  it  lies  on  the  ventml  aspect  of  the  restifonn  body,  and  therefore 
arer  to  the  surface  (Fig.  398,  p.  495).  Here  it  is  traversed  and  broken  up  into 
pjirate  bundles  by  the  cerebello-olivary  fibres  and  the  roots  of  the  glossopharyngeal  and 
ipis  nerves.  Finally,  it  comes  to  the  surface  and  its  fibres  arc  spread  over  the  area  on 
e  side  of  the   medulla  known   as  the   tubercle  and  funiculus  of    Rolando  (Fig.  391, 

492). 

The  small  motor  part  of  the  trigeminal  nerve  is  chiefly  distributed  to  tht^  muscles 
'  mastication,  and  derives  its  fibres  from  two  sources,  viz.  from  the  motor  nucleus 
ttd  from  the  mesencephalic  root  of  the  trigeminal  nerve. 

The  motor  nucleus  (Fig.  421)  lies  in  the  lateral  part  of  the  tegmental  portion  of 
tie  pons,  close  to  the  inner  side  of  the  sensory  terminal  nucleus,  but  somewhat 
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nearer  to  the  floor  of  the  fourth  ventricle.     It  is  not  placed  in  the  exact  line  of  tj 
facial  nucleus,  as  it  is  situated  somewhat  nearer  the  dorsal  aspect  of  the  pons;  [ 
nevertheless,  it  maybe  considered  as  being  equivalent  in  this  region  to  thedeti 
head  of  the  anterior  horn  of  gray  matter  in  the  lower  part  of  the  medulla. 
cells  of  this  nucleus  are  large  and  multipolar,  and  their  axons  run  together  to  i 
the  greater  portion  of  the  motor  root  of  the  fifth  nerve. 

The  mesencephalic  root  takes  origin  in  the  mesencephalon  from  a  colnomj 
large  loosely-arranged  cells  which  are  placed  in  the  extreme  lateral  part  of  \ 
gray  matter  which  surrounds  the  Sylvian  aqueduct.    As  the  lower  end  of  thisc 
of  cells  reiiches  the  pontine  part  of  the  floor  of  the  fourth  ventricle  it 
continuous  with  the  dark  cells  of  tlie  locus  cctruleus.     The  mesenceplialic ; 
as  it  is  traced  downwards  gradually  gains  strength  })y  the  addition  of  new  fib 
and  it  assumes  a  cresceutic  form  in  transverse  section  (Figs.  430,  p.  535 ;  AiX\ 
537  ;  407,  p.  "jOo  ;  1406,  p.  504).     In  the  lower  i^art  of  the  mesencephalon  it  liesi 
the  inner  side  of  tlie  superior  cerebellar  peduncle ;  and  the  fourth  nerve,  on  its  i 
to  tlie  surface,  runs  downwards  in  its  conca\ity  and  on  its  mesial  aspect    In  I 
upper  i)art  of  the  pons,  it  continues  its  course  downwards  on  tlie  outer  and  ( 
aspect  of  tlie  gray  matter  which  forms  the  floor  of  the  fourth  ventricle,  and  here! 
stands  in  relation  to  the  cells  of  the  locus  cceruleus.     Finally,  reaching  the  levdl 
the  nuclei   of  the  trigeminal  nerve,  the   fibres  of  the   mesencephalic  root  tv 
forwards  and  join  the  motor  part  of  the  trigeminal  nerve  (Fig.  421). 

S.  Kaniou  y  Cojal  has  8lio\ini  that  an  intimate  relationeiliip  Ih  established  between  I 
mesenceplialic  nucleus  and  the  ])rincipal  motor  nucleus  of  the  trigeminal  nerve.  Large  numlx 
t)f  c(jllaUuals  from  the  fibres  of  the  mesencephalic  root  enter  the  latter  nucleus  and  break  npii^ 
close  networks  around  its  cells.  It  has  been  suggested  that  through  this  connexion  a  wat 
impulse  proci^ing  from  the  higher  nucleus  may  oii  transformed  within  the  lower  or  princi|i 
nucleus  into  a  jxiwerfid  excitation. 

(1)  It  is  not  known  to  what  parts  the  fibres  of  the  mest^ncejihaHc  root  go.  KuUiker  m^ 
that  they  supply  the  tensor  veli  jwilatini  and  the  tensor  tympani ;  perhan),  also,  they  may  bed 
triliuted  t^»  the  niylo-hyoid  and  the  anterior  Iwlly  of  the  digastric.  (2)  Fibres  from" the  oppa 
pyramidal  tract  go  to  the  motor  nucleus  and  bring  it  into  connexion  with  the  motor  area  oft] 
cerebral  cortex.  (3)  By  degeneration  methods  the  root  of  the  fifth  nerve  has  been  traced  down  lij 
the  lev«d  of  the  second  cervical  nerve  (Ferrier  and  Turner).  (4)  The  axons  of  the  terminal  niMU| 
emerge  as  arcuate  fibres,  and,  proceeding  through  the  raphe,  assume  a  longitudinal  coune  inthi 
tegmentum  of  the  opi)osit«  side,  and  thus  establish  connexions  with  part«  higher  up  (tracts 
(piinto-thalamicus).  (5)  Some  of  the  axons  of  the  cells  of  the  terminal  nucleus  enter  the  molar 
nucleufs,  and  thus  establish  a  simple  i-efiex  ai>paratU8. 

The  Development  of  the  Parts  derived  from  the  Ehombencephalox. 

A  general  sketch  of  the  development  of  the  medulla,  pons,  and  cerebellum  has  alreidj 
been  given  (p.  476).  It  is  only  necessary,  therefore,  in  this  section  to  call  attention  to 
some  of  the  more  important  details  connected  with  the  process. 

Medulla. — In  the  embryo  the  cervical  fiexure  indicates  in  a  sharp  and  definite  luanDer 
the  point  of  junction  between  the  cord  and  the  V)rain  (Fig.  382,  p.  477).  In  the  eiHy 
condition  of  the  rhombencephalon  the  calamus  scriptorius  extends  downwards  to  this  levd, 
so  that,  in  the  first  instance,  there  is  no  part  of  the  medulla  which  corresponds  to  the 
closed  portion  present  in  the  adult.  The  lower  closed  part  of  the  medulla  makes  in 
appearance  at  a  later  period,  and  is  termed  by  His  the  intercalated  portion  (Schalt«tiick). 

In  our  study  of  the  development  of  that  part  of  the  ncunil  tube  which'  forms  the  spinil 
cord  we  have  recognised  two  thick  lateral  walls  connected  in  front  and  behind  by  narrof 
mid- ventral  and  mid-dorsal  laminro.  The  same  parts  are  seen  in  the  developing  medulla. 
Owing,  however,  to  the  expiinsion  of  the  cavity  in  this  jwrtion  of  the  tube  the  mid-doml 
lamina  is  stretched  out  into  an  extensive  and  thin  e]>ithelial  membrane  which  forms  the 
dorsal  wall  or  roof  of  the  ventricle  in  this  section  of  the  early  brain.  The  thick  lateral 
walls  have  also  fallen  away  from  each  other,  and  are  joined  in  front  by  the  narrow 
mid-vent j*al  lamina.  <  )n  section,  tiierefore,  the  medullary  part  of  the  neural  tube  present 
a  triangular  figure — the  base,  which  is  directed  backwards,  being  formed  by  the  tlui 
epithelial  expansion  derived  from  the  mid-dorsal  lamina,  the  apex  by  the  narrow  mi(' 
ventral  lamina,  and  the  sides  by  the  thick  lateral  walls  of  the  tube.  Further,  each  laten 
wall  consists  of  an  alar  or  dorsiil  and  a  bastil  or  ventral  lamina.  This  subdivision  is  moi 
clearly  indicate<l  than  in  the  cord,  and  on  the  inner  surface  of  the  lateral  wall  a  stroiigl; 
marked  longitudinal  furrow  marks  the  line  of  junction  of  the  two  laminic.     The  hist< 


DEVELOPMENT  OF  THE  MEDULLA. 


527 


>pment  of  these  several  parts  of  the  wall  of  the  medullary  portion  of  the 
proceeds  in  a  manner  very  similar  to  that  already  detailed  in  the  case  of  the 
uroblasts  are  formed  in  the  mid-ventral  and  mid-dorsal  laminee ;  the  entire 
tormation  is  confined  to  the  basal  and  alar  laminee.  Within  the  basal  lamina; 
collected  the  neuroblasts  which  form  the  nuclei  of  origin  of  the  efferent 
St  within  the  alar  lamina  are  developed  the  neuroblasts  which  constitute  the 
-mination  for  the  fibres  of  the 

>pment  proceeds,  the  two  laminae 
al  wall  fall  outwards  to  a  still 
it,  so  that  they  come  to  lie  very 
i  same  horizontal  plane.  In  this 
r  originally  mesial  or  ventricular 
e  to  form  the  floor  of  the  fourth 
2ven  in  the  adult  the  groove, 
ites  the  basal  and  alar  lamina) 
om  each  other  in  the  early  con- 
re  or  less  distinctly  perceptible  on 
ar  floor.  It  is  represented  by  the 
)r  and  by  the  fovea  superior. 
3se  depressions  and  the  mesial 
he  floor  of  the  fully -developed 
icle  there  is  an  elongated  eleva- 
in  its  lower  part,  forms  the  tri- 
iglossi,  above  this  the  emenentia 
higher  up  it  is  continued  towards 
cement  of  the  Sylvian  aqueduct, 
marked  and  bulging  mesial  strip 
ricular  floor  corresponds  to  the 
,  whilst  the  part  of  the  floor  which 
iter  side  of  it  and  the  two  fovese 
om  the  alar  lamina.  The  latter, 
eludes  the  trigonum  vagi,  the  area 
I  the  locus  coenileus. 
her  development  of  the  medulla 
3n  the  ventral  aspect  of  the  two 
the   deposition   of   new  parts  on 

are  already  formed.  An  oval 
Dngitudinal  flbres  makes  its  ap- 

the  outer  surface  of  the  alar 
the  point  where  this  joins  the 
a.  This  is  the  early  fasciculus 
It  is  composed  of  afferent  fibres 
•ssopharyngeal  and  vagus  nerves, 
aching  the  surface  of  the  medulla, 
ards  upon  it.  At  first  the  con- 
the  fasciculus  solitarius  with 
I   is    very  loose,   and    it   may  be 

being  the  equivalent  in  this 
neural  tube  of  the  oval  bundle 
lal  fibres  which,  in  the  early  cord, 
the    first    stage  of    the    column 

Throughout  the  furtiier  stages 
lent  the  fasciculus  solitarius  in- 
t  sufficiently  clear  manner  the  point  of  junction  between  the  alar  and 
e.  Very  soon  it  becomes  covered  over  by  parts  developed  on  its  ventral 
it  ultimately  comes  to  lie  deeply  in  the  substance  of  the  medulla.  This 
le  position  of  the  fasciculus  solitarius  with  reference  to  the  surface  is  asso- 
a  striking  developmental  process  which  leads  to  certain  remarkable  results, 
I  termed  the  formation  of  the  rhombic  lip  of  His  (Fig.  422,  B  and  C).  Before 
ina  falls  outwards,  while  it  still  stands  erect  and  its  inner  surface  faces  the 
ig  surface  of  the  opposite  lamina,  its  dorsal  edge  is  folded  outwards  and 
id  with  the  outer  surface  of  the  remaining  portion  of  the  alar  lamina.     This 
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Fkj.  422. — Three  SxACiEs  in  thb  Development  of 
THE  Medulla  Oblongata  (from  His — slightly 
modified). 
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in  the  rhombic  lip,  and,  when  the  fusion  is  complete,  a  multitude  of  neuroblasts  take 
within  it  and  migrate  in  a  forward  and  inwards  direction  into  the  ventral  parts 
alar  and  basal  lamina*.     The  mid-ventml  lamina — which  consists  of  spongioblaitie 
alone,  and  which  forms  a  narrow  partition  between  the  two  basal  laminie — is 
either  side  by  the  axons  of  many  of  these  migrating  cells.     Whilst  acting  as  an  im[ 
barrier  to  the  neuroblasts,  this  spongioblastic  septum  gives  free  passage  from  one 
the  other  to  their  axons,  and  a  decussation  of  arcuate  fibres  in  the  mesial  plane 
in  this  way  the  raphe  of  the  medulla  is  formed.     The  process  is  very  similar  to  that 
takes  place  in  tlie  course  of  the  formation  of  the  anterior  commissure  of  the 
which  the  raphe  may  be  regarded  as  the  equivalent  in  the  medulla. 

The  development  of  the  inferior  olivary  nucleus  and  of  its  two  accessory  parts 
wise  closely  connected  with  the  migration  of  the  neuroblasts  from  the  region  of 
rhombic  lip.     Many  of  these  cells  collect  together  so  as  to  form  a  nuclear  lamella, 
afterwards  assumes  it^  characteristic  crumpled  form. 

As  the  neuroblasts  of  the  rhombic  lip  stream  inwards  they  j)ass  both  on  the 
and  the  ventral  aspects  of  tlie  fasciculus  solitarius,  which  thus  comes  to  be  covered 
and  separated  froui  tlie  surface.     The  spinal  root  of   the    trigeminal   nerve,  like 
fasciculus  solitarius,  is  also,  in  the  first  instance,  throughout  its  entire  course  on 
surface  of  the  medulla,  and  its  change  of  position  in  the  greater  part  of  its  coiuse 
the  j)ons  and  medulla  is  due  to  the  subsequent  development  of  those  parts  which 
over. 

The  impoi-tance  of  the  rhombic  lip  in  the  development  of  the  medulla  will  be 
appreciated  if  we  enumerate  the  parts  which  spring  from  it :  (1)  the  inferior  olivary  ni 
(2)  the  cuneate  nucleus ;  (3)  the  substantia  gelatinosa  Kolandi ;  (4)  the  arcuate  nud 
(5)  the  internal  arcuate  fibres  ;  (6)  the  olivary  system  of  fibres;  (7)  the  rcstifonn  " 
From  this  it  is  evident  that  the  formation  of  the  rhombic  lip  constitutes  an  exti 
important  step  in  the  development  of  the  human  brain.     Recent  investigation,  ho' 
makes  it  clear  that  in  most  of  the  lower  mammals  the  rhombic  lip  does  not  attain 
thing  like  the  degree  of  prominence  which  it  presents  in  the  early  brain  of  man. 

The  pyramidal  tracts  which  come  down  from  the  cerebral  cortex  are  late  in 
their  ap|)earance  in  the  medulla.  The  formatio  reticularis  precedes  them  in  development 
They  appear  in  the  fourth  month  of  foetal  life,  and  as  they  are  developed  the  antei»- 
median  furrow  between  them  takes  form  on  the  ventral  aspect  of  the  medulla. 

His  has  pointed  out  that  the  earliest  formed  part  of  the  medulla  is  the  floor  of  tkt 
fourth  ventricle,  and  that  the  other  parts,  speaking  generally,  are  added  in  successioD  m 
we  pass  towards  the  surface.  *'  The  oldest  layer  of  the  medulla  is  the  floor  of  the  foortk 
ventricle  with  its  nuclei.  It  is  followed,  in  the  first  instance,  by  the  reticular  fcmnttia^ 
and  afterwards  by  the  layer  containing  the  olivary  and  other  nuclei.  Last  of  all  eott 
the  ])yramids  and  the  outer  (superficial)  arcuate  fibres"  (His). 

Pons  Varolii. — The  information  which  we  possess  at  the  present  moment  r^pidif 
the  development  of  the  pons  Varolii  is  somewhat  deficient ;  but  there  is  little  doabtthit 
the  coui*se  pursued  is,  in  general,  very  similar  to  that  which  has  been  described  for  tb 
medulla.  It  has  been  seen  to  be  compased  of  parts  which  arc  in  a  great  UMinn 
e<|uivalent  to  those  met  with  in  the  medulla,  the  formatio  reticularis  of  the  htUr 
passing  into  the  tegmental  substance  in  the  former,  while  the  pyramids  and  arcuate  nucb 
and  anterior  superficial  arcuate  fibres  of  the  medulla  are  represented  by  the  large  yental 
])art  of  the  pons.  Further,  as  His  points  out,  similar  relations  between  the  chronologieil 
and  local  succession  of  layers  may  be  recognised.  Thus  the  primitive  position  of  the 
motor  nucleus  of  the  trigeminal  nerve,  and  also  of  its  spinal  root,  is  a  superficial  one,  and 
it  is  only  by  a  later  process  of  development  that  the  nucleus  pontis  and  the  thick  layer 
of  transverse  and  longitudinal  fibres  are  formed. 

From  the  phylogenetic  point  of  view  the  t<jgmentum  is  the  oldest  part  of  the  pons. 
The  study  of  the  comparative  anatomy  of  the  brain  makt^s  it  evident  that  the  lu^ 
ventral  part  is  comparatively  a  recent  acquisition.  As  the  cerebral  cortex  extends  wiih 
the  increasing  evf)lution  of  the  cerebral  hemispheres  (pallium),  the  ventral  p>art  of  the 
pons  is  seen  to  keep  pace  with  it  in  its  developiiient.  This  should  easily  be  understood 
from  what  has  been  siu<l  in  regard  to  its  structure  and  connexions.  It  is  composed 
of  the  nucleus  pontis,  the  transverse  fibres,  and  the  pyramidal  and  cortico-pontine  6bte8, 
all  of  which  stand  in  direct  relation  to  the  cerebral  cortex.  One  of  the  striking  featuns 
of  the  l)rain  of  a  microcephalic  idiot,  where  the  cerebral  cortex  is  greatly  rodu(^,  lathe 
corrospnndin<r  marke<l  diminution  in  the  size  of  the  ventral  j)art  of  the  pons. 

Cerebellum. — The  roof  of  the  fourth  ventricle  is  formed  for  the  most  part  by  the 
thin  epithelial  layer  already  described  as  being  formed  by  the  expanded  mid-dorsal  lanin** 
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s  not  stretch,  however,  over  its  entire  extent.     As  we  approach  the  upper  part  of 

ricle,  it  is  seen  to  become  continuous  in  the  region  of  the  isthmus  with  a  thicker 
This  lamella  is  bounded  above  by  the  intercrossing  of  the  two  trochlear  nerves, 

arks  on  the  dorsal  aspect  of  the  neural  tube  the  place  of  junction  between  the 

icephalon  and  the  mesencephalon ;   below,  it  is  limited  by  a  forwardly-directed 
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Fio.  423. — Drawings  to  illustrate  the  Development  of  the  Cerebellum 
(from  Kuithan). 

L.  Transverse  section  through  the  forepart  of  the  cerebellum  of  a  sheep  embryo. 
i.  Transverse  section  through  the  hinder  part  of  the  cerebellum  of  a  sheep  embryo. 
7.  Cerebellum  of  a  human  foetus  17  cm.  long. 

1.    Sulcus  primarius.  3.  Sulcus  infrapyraniidalis. 

.  2.    Sulcus  suprapyramidalis.  4.  Fissura  post-lunata. 

r.l.  Lateral  recess  ventricle  IV. 


,  Ci^robrum 


Mesencephalon 


Early  cerebellum 


Cavity  of 
fourth  ventricle 


gives  nse 
choroid 

I  the  fourth  ventricle  (Fig.  425,  A).  The  lamella  which  forms  the  roof  or  dorsal 
the  ventricle  in  front  of  the  plica  choroidea  is  developed  into  the  cerebellum, 
superior  medullary  velum  (valve  of  Vicussens). 

cerebellar  part  of  this  lamella  consists  of  two  thick  lateral  plates  which  meet  in  the 
ine  and  are  joined  there  by  an  extremely  thin  dorsal  seam  or  lamina  (Fig.  423,  A). 
er  extremities  of  the  two  cerebellar  plates  are  thus  separated  by  a  median  groove, 
pens  into  the  cavity  of  the  hind-brain  (fourth  ventricle).  The  statement,  there- 
it  the  median  lobe  or  vermis  of  the  cerebellum  is  the  most  archaic  part  of  the 

organ  and  is  the  part  which 
is  developed  first  is  not 
supported  by  fact ;  indeed, 
the  reverse  of  this  is  the 
case,  because  at  this  early 
stage  the  lateral  portions 
are  alone  represented. 

In  the  course  of  time 
the  inner  ends  of  the  cere- 
bellar plates  become  fused 
in  the  middle  line,  and  the 
median  furrow  between 
them  disappears.  In  the 
process  of  this  fusion  the 
deep  part  of  the  intervening 
furrow  remains  enclosed 
within  the  substance  of 
the  median  part  of  the 
cerebellum  and  persists  for 
—The  Brain  ok  an  Embrto  of  eleven  weeks,  newed  from  a  short  time  as  a  minute 
ud  to  show  the  development  of  the  cerebellum.  At  this  stage  the  cerebellar  ventricle  (Blake) 
lellum  is  intheforra  of  a  simple  band  or  plate  which  arches  over  The  cerebellum  now  pre" 

imder  aspect  of  the  fore  part  of  the  cavity  of  the  hind  bram  (from  ^     ^i  , 

sents  the  appearance  of  a 

simple  uniform  arch  which 
across  the  dorsal  aspect  of  the  upper  part  of  the  early  fourth  ventricle ;  and  very 
e  sulci  begin  to  appear.  Of  late  years  the  development  and  morphological  import 
9  sulci  have  received  much  attention.  Stroud,  Kuithan,  Blake,  Elliot  Smith,  and 
'  have  published  valuable  papers  on  this  subject,  and  what  is  written  here  is 

gathered  from  the  writings  of  these  observers.  Further,  the  terminology 
ed  by  EUliot  Smith  has  been  chiefly,  but  not  entirely,  followed. 

first  fissure  to  appear  is  the  floccular  fissure,  which  cuts  off  the  postero-lateral 
3f  the  cerebellar  plate.  The  portion  thus  marked  off  is  the  flocculas,  and  its  early 
ince  and  relatively  large  size  at  this  stage  are  significant  of  its  high  morphological 
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importance  as  a  lobule  of  the  cerebellum.     The  floocular  fissure  is  oonUoued 

close  to  the  posterior 
of  the  cerebellar  pla 
ing  its  fellow  of  the  ( 
side  in  the  middl 
Here  it  receives  tb 
of  post-nodnlar  tm 
narrow  strip  of  oei 
surface  is  thus  maA 
The  median  part 
strip,  by  special  grai 
comes  the  nodiilii%  wl 
part  which  extends  I 
this  and  the  flocculus] 
narrow  and  band-lili 
ultimately  forms  a 
of  the  inferior  me 
velum. 

The  next  furron 
appears  is  the  snleu 
arias  (Kuithan)  or 
prima  (Elliot  Smit 
cuts  deeply  into  the 
in  a  transverse  direc 
tween  the  culmen  m 
and  the  clivus  monticuli,  and  is  then  carried  outwards  over  each  hemisphere  a 
separate  the  two  crescentic  lobules.  The  fissura  prima  is  the  deepest  of  all  the 
of  the  vermis,  and  it  is 
developed  towards  the  end 
of  the  third  month.  A 
little  later  two  other  fur- 
rows are  observed  in  the 
vermis.  These  are  the 
suprapyramidal  and  the 
infirapyramidal  (thefisaura 
sccunda  of  Elliot  Smith). 
By  the  former  the  pyramid 
is  limited  above ;  by  the 
latter  the  pyramid  is  separ- 
ated from  the  uvula. 

After  the  main  fissures 
of   the  vermis  are   estab- 
lished, four  important  sulci 
on  the  surface  of  each  cerebellar  hemisphere  come  into  view,  viz.  the  postlun 
post-tonsillar,  the  parapyramidal,  and  the  great  horizontal  sulci. 

The  fissora  posilii: 


Fio.  425. 


A.   Mesial  section  through  the  cerebellam  of  an  early  human  foetus 

(semi-diagrammatic). 

B.   Mesial  section  through  the  cerebellum  of  a  human  foetus  17  cm.  long 

(from  Kuithan). 

1.   Flssura  prima.  4.   Fiasura  postnodularis. 

'2.   Fissura  suprapyraniidalis.  T.  Transverse  groove  on  the  roof  of 

3.   Fissura  iufrapyramidalis.  the  fourth  ventricle. 
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Fio.  426.— Under  Sdrpacb  of  the  Ckrbbbllum  of  a  Huma 
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Clivus  monticuli 


Culmen  monticuli 


I 


Fissura  postlunata 


Fissura  prima 

Postero-superior  lobule 


pears  in  the  fourth  mo 
curves  inwards  on  tli 
surface  of  the  organ  be 
posterior  crescentic  lol: 
many  cases  it  bcooi 
fluent  with  its  felloe 
opposite  side  behind  t 
monticuli.  The  iK)6t-' 
fissure  is  seen  on  tY 
surface  of  the  cerebelh 
thebeginningof  thefift 
It  circumscribes  the  pi 
and  conspicuous  toi 
becomes  confluent  ^ 
fissura  iufrapyramidalis.  The  parapyramidal  fissure  appears  on  the  under  surfai 
cerebellar  hemisphere  behind  the  biventral  lobule,  and  usually  joins  the  suprap; 
fissure  of  the  inferior  vermis. 


Suprapyramidal  Assure 
Vui.  427. — Cerebellum  of  a 
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Fhe  great  boriiontal  flBSure,  in  spite  of  its  depth  in  the  adult  brain — a  depth  which 
ae  to  the  excessive  growth  in  the  later  months  of  development  of  the  two  lobules  that 
Dd  it — appears  very  late  in  the  development  of  the  cerebellum.  It  is  first  seen  as  a 
f  broad  sliallow  groove  or  furrow  on  the  outer  margin  of  the  hemisphere.  From  this 
ims  forwards  to  the  middle  peduncle  and  backwards  towards  the  vermis,  where  it 
lUj  joins  the  postlunate  fissure.  At  this  stage  there  is  no  folium  cacuminis,  so  that 
emibined  portion  of  the  postlunate  and  great  horizontal  fissures  intervenes  between 
divus  monticuli  and  the  tuber  valvulae.  Even  at  the  time  of  birth  the  folium 
tminis  is  not  seen  on  the  surface.  It  rises  up  from  the  bottom  of  the  combined  portions 
le  great  horizontal  and  postlunate  fissures  so  as  to  form  a  barrier  between  them. 
Tery  early  a  transverse  groove  appears  on  the  smooth  anterior  or  ventricular  surface 
le  cerebellum  (Fig.  425,  B>  t).  This  is  placed  much  nearer  the  lower  than  thef  upper 
er  of  the  organ,  and  it  represents  at  this  stage  the  angular  peak  of  the  tent-like  roof 
e  fourth  ventricle  in  the  adult  brain.  As  growth  goes  on,  the  portions  of  the  cere- 
im  in  front  and  behind  this  groove  approach  each  other,  so  as  to  deepen  the  groove 
wing  about  the  backward  prolongation  of  the  ventricular  cavity  towards  the  cerebellum. 
'he  leading  distinctive  characters  of  the  human  cerebellum  are:  (1)  the  small  size 
e  flocculus ;  (2)  the  large  size  of  the  tonsil ;  (3)  the  excessive  development  of  the 
al  hemisphere,  and  particularly  of  the  postero-superior  and  postero-inferior  lobules 
h  bound  the  great  horizontal  fissure. 

THE  MESENCEPHALON. 

Che  mesencephalon  or  mid-brain  is  the  short,  narrow  part  of  the  brain-stem 
'rh  occupies  the  aperture  of  the  tentorium  cerebelli  (incisura  tentorii),  and 
lects  the  cerebrum  which  lies  above  with  the  parts  which  occupy  the  posterior 
ial  fossa.  It  is  about  three-quarters  of  an  inch  in  length,  and  it  consists  of  a 
al  part,  composed  of  the  corpora  quadrigemina,  and  a  much  larger  ventral  part, 
;h  is  formed  by  the  two  cmra  cerebri. 

[n  the  undissected  brain  the  corpora  quadrigemina  are  completely  hidden  from 
r  by  the  splenium  of  the  corpus  callosum,  which  projects  backwards  over  them, 
also  by  the  superimposed  cerebral  hemispheres.  The  hinder  end  of  each  optic 
amus  likewise,  to  some  extent,  overhangs  the  upper  part  of  the  mesencephalon 
ts  dorsal  and  lateral  aspect  (Fig.  388,  p.  482).  On  this  portion  of  the  optic 
amus  are  seen  two  projections,  which  are  specially  related  to  the  mesencephalon, 
se  are  the  cushion-like  pulvlnar,  which  forms  the  inner  and  hinder  part  of  the 
amus,  and  the  corpus  geniculatum  eztemum,  an  ill-defined  oval  swelling  on  the 
jr  and  under  aspect  of  the  posterior  end  of  the  thalamus. 

The  crura  cerebri  can  to  some  extent  be  seen  on  the  base  of  the  brain,  where 
r  bound  the  posterior  part  of  the  interpeduncular  space.     Encircling  the  upper 
of  each  crus  cerebri,  where  it  plunges  into  the  cerebrum,  is  the  optic  tract 
r.  380,  p.  474). 

The  mesencephalon  is  tunnelled  from  below  upwards  by  a  narrow  passage, 
id  the  aqueduct  of  Sylvius,  which  connects  the  fourth  ventricle  with  the  third 
tricle  (Fig.  429,  p.  533).  This  channel  lies  much  nearer  the  dorsal  than  the 
tral  aspect  of  the  mesencephalon. 

Corpora  Quadrigemina. — This  name  is  applied  to  four  rounded  eminences  on 
posterior  aspect  of  the  mesencephalon  (Fig.  388,  p.  482).  The  superior  pair  are 
;er  and  broader  than  the  inferior  pair,  but  they  are  not  so  well  defined  nor  are 
J  80  prominent.  A  longitudinal  and  a  transverse  groove  separate  the  quad- 
;minal  bodies  from  each  other.  The  longitudinal  <(r()0ve  occupies  the  mesial  plane 
.  extends  upwards  to  the  posterior  commissure  of  the  brain.  The  upper  end  of 
i  groove  widens  out  into  a  shallow  depression,  in  which  the  pineal  body,  a  small 
ical  structure  which  belongs  to  the  diencephalon,  rests.  From  the  lower  end  of 
I  same  groove  a  short  but  well-defined  and  projecting  band,  the  frenulum  veil, 
aes  to  the  valve  of  Vieussens,  which  lies  immediately  below  the  inferior  pair 
quadrigeminal  bodies.  The  transverse  groove  curves  round  below  each  of  the 
^rior  pair  of  quadrigeminal  bodies  and  separates  them  from  the  inferior  pair, 
is  also  continued  in  an  u])ward  and  forward  direction  on  the  lateral  aspect 
the  mesencephalon. 
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OF  THE  Omc  Nerve. 


The  quadrigeininal  bodies  are  not  marked  off  laterally  from  the  sideB  of  j 
mesencephalon,  but  each  has  in  connexion  with  it,  on  this  aspect,  a  pron* 
strand  of  white  matter,   which  is  prolonged  upwards  and  forwards   under 
projecting  pulvinar  and  corpus  geniculatum  externum.     These  strands  are  i 
tlie  bracMa  of  the  corpora  quadrigemina,  and  they  are  separated  from  each  other] 
a  continuation  on  the  side  of  the  mesencephalon  of  the  transverse  groove, 
intervenes  between  the  two  pairs  of  bodies. 

The  corpus  geniculatum  internum  (corpus  geniculatum  mediale)  is 
associated  with  the  brachia.     It  is  a  small,  sharply-defined  oval  eminence,  i 
lies  on  the  side  of  the  upper  part  of  the  mesencephalon  under  shelter  of  thepnlTi 
of  the  optic  thalamus. 

The  inferior  brachium  (brachium  quadrigcniinum  inferius),  proceeding  upi 
from  the  lower  quadrigeminal  body,  advances  towards  the  corpus  genicn' 
internum  and  disappears  from  view  under  cover  of  this  prominence.     Upon  I 
opposite  side  of  the  same  geniculate  l)ody  the  mesial  root  of  origin  of  the  optic  t 
takes  shape  on  the  surface,  and  the  appearance  is  such  that  the  conclusion 
very  naturally  1x3  arrived  at  that  the  inferior  brachium  and  this  root  of  the  ( 

tract  are  continuous  with  each  other  under  the  j^ 
late   elevation.      This   is   not   the  case,  however; 
fibres  of  the   inferior    brachium,    to    a    large  exU 
proceed  into  the  subjacent  tegmentum  under  cover  i 
the  internal  geniculate  body  and  help  to  constitute  I 
ascending  tract  from  the  inferior  quadrigeminal  " 
which  proceeds  upwards  to  the  optic  thalamu&    Off 
fibres  of  the  mesial  root  of  the  optic  tract  some  end  i 
the  gray  matter  of  the  internal  geniculate  body,  wh' 
others  arise  within  it.     They  constitute  what  is 
Gudden's  commissure. 

The   superior  brachimn    (brachium   quadr  ^ 
sui)erius)   is  carried  upwards  and   forwards   between   the   overhanging  pulv 
and   the  corpus  geniculatum  internum.     A  surface  examination  of  the 
cephalon  is  sufficient  to  show  that,  while  a  large  part  of  this  strand  enters  tbl 
corpus  geniculatum  externum,  a  considerable  portion  runs  into  the  lateral  rootsfj 
the  optic  tract. 

The  optic  tract  is  thus  attached  to  the  brain-stem  by  two  roots,  viz.  a  moBiil  I 
and  a  lateral,  which  are  separated  from  each  other  by  a  distinct  groove.  Hi  I 
mesial  root  disappetirs  under  the  internal  geniculate  body.  The  lateral  root  spredi  [ 
out  and  some  of  its  fibres  enter  the  superior  quadrigeminal  body  through  iti 
brachium,  whilst  others  find  their  way  into  the  corpus  geniculatum  externum  and  i 
the  pulvinar  of  the  optic  thalamus  (Fig.  428). 

Crura  Cerebri  (pedunculi  cerebri). — The  crura  cerebri  constitute  the  chief  bulk 
of  the  mesencephalon  (Fig.  429,  p.  533).  Upon  the  basal  aspect  of  the  brain  ttay 
appear  as  two  large  rope-like  strands,  which  emerge  close  together  from  the  uppa 
aspect  of  the  pons  Varolii  and  diverge  as  they  proceed  upwards  to  enter  tb 
cerebrum.  At  the  place  where  each  cms  disappears  into  the  corresponding  sidi 
of  the  cerebrum,  it  is  encircled  by  the  optic  tract. 

Each  crus  cerebri  is  composed  of  two  parts,  viz.  a  dorsal  tegmental  part  (teg- 
mentum), which  is  prolonged  upwards  into  the  region  below  the  optic  thalamus 
(subthalamic  tegmental  region),  and  a  ventral  pedal  portion  or  crusta  (basis  pedun- 
culi), which,  when  traced  upwards  into  the  cerebrum,  is  seen  to  take  up  a  podtioD 
on  the  outer  side  of  the  optic  thalamus  and  to  be  continuous  with  the  internal 
capsule  of  the  brain.     When  the  base  of  the  brain  is  examined  it  is  the  crusta 
which  is  seen,  and  it  is  observed  to  ])e  white  in  colour  and  streaked  in  the  longi- 
tudinal direction.     In  the  tegmentum  the  longitudinally -arranged  fibres  are,  lor 
the  most  part,  corticiiyetal,  or,  in  other  words,  fibres  which  are  ascending  towards 
the  cortex  of  the  cerebrum ;  the  crusta,  on  the  other  hand,  is  entirely  composed  of 
longitudinal  strands  of  fibres  which  are  corticifugal y  or  fibres  which  descend  fcom 
the  cortex  cerebri. 

On  the  surface  of  the  mesencephalon  the  separation  between  the  tegmental  and 
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ions  of  the  crus  cerebri  is  clearly  indicated  by  an  inner  and  an  outer  groove. 

•  or  mesial  furrow  is  the  more  distinct  of  the  two.  It  looks  into  the 
icular  space,  and  from  it  emerge  the  fascicles  of  the  third  or  oculo-motor 

is,  therefore,  termed  the  sulcus  oculo-motorii  (sulcus  nervi  oculo-motorii). 

•  groove,  which  is  placed  on  the  lateral  aspect  of  the  mesencephalon, 
ie  name  of  the  sulcus  lateralis  mesencephalL  When  traced  downwards,  it 
I  to  become  continuous  with  the  furrow  which  intervenes  between  the 
i  superior  peduncles  of  the  cerebellum. 

J  inspection  of  the  outer  surface  of  the  tegmental  part  of  the  crus  cerebri, 
level  of  the  quadrigeminal  brachia,  will  reveal  some  faintly-marked 
■  fibres  curving  obliquely  upwards  and  backwards  to  reach  the  inferior 
inal  body  (Fig.  390,  p.  484).  These  are  fibres  of  the  lateral  fillet,  coming 
■face  at  the  sulcus  lateralis  and  sweeping  over  the  subjacent  superior 
peduncle  to  gain  the  inferior  quadrigeminal  body. 


AQUEDUOT  Or  SYLVTU8. 


POETJEHJQn 
LOHQrruDiNAL 


NERVe  SULCUS   OCULOMOTOMIUS 

Fro.  429. — Diaorammatio  View  of  thb  Cut  Surface  of 
A  Transverse  Section  through  the  Upper  Part 
OF  the  Mesencephalon. 
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transverse  sections  are  made  through  the  mesencephalon  the  aqueduct  of 
seen  to  be  surrounded  by  a  thick  layer  of  gray  matter,  which  receives  the 
le  Sylyian  gray  matter  or  the  central  gray  matter  of  the  aqueduct  (stratum 
ntrale).  On  the  dorsal  aspect  of  the  Sylvian  gray  matter  the  corpora 
ina  form  a  layer  which  separates  it  from  the  surface,  and  to  which  the 
la  Quadrigemina  is  applied, 
mtral  and  lateral  aspects 
Ivian  gray  matter  are  the 
portions  of  the  crura 
hilst,  intervening  between 
he  latter  and  the  corre- 
crusta,  there  is  a  con- 
nass  of  dark  pigmented 
med  the  substantia  nigra. 
n  Aqueduct  and  Sylvian 
tter  (aquseductus  cerebri 
griseum  centrale). — The 
of  Sylvius  is  the  canal 
s  from  the  fourth  ventricle 
vards  through  the  mesen- 
io  the  third  ventricle  above, 
quite  three-quarters  of  an  inch  in  length,  and  it  lies  much  nearer 
than  the  ventral  surface  of  the  mesencephalon.  When  examined  in 
section,  it  presents  a  triangular  outline  as  it  passes  into  the  fourth 
ind  a  T-shaped  outline  close  to  the  third  ventricle.  In  the  intermediate 
i  course  it  assumes  different  outlines,  and  not  always  the  same  form  at 
evel  in  different  individuals. 

ueduct  of  Sylvius  is  lined  by  ciliated  epithelium,  and  outside  this  is  the 
r  of  Sylvian  gray  matter,  which  is  directly  continuous  below  with  the  gray 
ead  out  on  the  floor  of  the  fourth  ventricle,  and  above  with  gray  matter 
or  and  sides  of  the  third  ventricle.  Scattered  more  or  less  irregularly 
t  the  Sylvian  gray  matter  are  numerous  nerve-cells  of  varying  forms  and 
it  in  addition  to  these  there  are  three  definite  collectious  or  clusters  of 
h  constitute  the  nuclei  of  origin  of  the  trochlear  nerve,  the  oculo-motor 
I  the  mcvsencephalic  root  of  the  trigeminal  nerve.  The  position  and 
f  these  will  be  given  at  a  later  stage. 

intia  Nigra. — When  seen  in  transverse  section,  the  substantia  nigra 
semilunar  outline.  It  consists  of  a  mass  of  gray  matter,  in  the  midst  of 
large  numbers  of  deeply  pigmented  nerve-cells.  It  is  only  when  this 
is  examined  in  bulk  that  it  apt)ear8  dark ;  in  thin  sections  it  does  not 
h  in  colour  from  ordinary  gray  matter,  although,  under  the  microscope, 
-coloured  cells  stand  out  very  conspicuously,  even  under  low  i^y^^T^. 
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The  substiintia  nigra  is  disposed  in  the  form  of  a  thick  layer,  interposed  leii 
the  tegmental  anil  pedal  portions  of  tlie  ems  cerebri.      It  begins  below  at 
upper   border   of   the   pons   Varolii  and  extends  upwards  into  the  subtl 
region.     The  margins  of  this  layer  of  ilark-coloured  suKstanoe  come  to  the 
at  the  oculo-motor  and  the  lateral  sulci  of  the  mesencephalon,  and  its  inner  put] 
traversixl  by  the  emerging  fascicles  of  the  oculo-motor  nerve.     It  is  not  eqi 
thick  throughout.     Towards  the  lateral  sulcus  it  becomes  thin,  whilst  it  ihic 
considerably  nc^ir  the  inner  aspect  of  the  crus  cerebri.     The  surface  of  the 
stantia  nigra,  which  is  turned  towards  the  tegmentum,  is  concave  and  unifc 
the  opposite  surface  is  convex  and  rendered  irregular  by  the  presence  of  niini 
slender  prolongaticms  of  the  substance  into  the  crusta. 

The  morpliological  and  physiological  significance  of  the  substantia  nigra  is  i 
fully  understood,  and  the  connexions  established  by  its  cells  are  imperfe 
known. 

Inferior  Qnadrigeminal  Bodies  (colliculi  inferiores). — Each  of  the  ink 
quadrigeminal  ])odies  is  largely  composed  of  a  mass  of  gray  matter  which, 
transverse  section,  presents  an  oval  outline  (Fig.  432,  j).  537 J.  This  cent 
nucleus  is,  to  a  large  extent,  encapsulated  by  white  matter.  Numerous  oelk 
different  sizes  are  scattered  throughout  it,  and  the  whole  mass  is  perv-aded  by 
intricate  interlacement  of  fine  filjres,  which,  to  a  large  extent,  are  derived  from 
lateral  fillet  and  the  inferior  bnichium. 

In  transverse  sections,  through  this  region,  the  lateral  fillet  is  seen  to  at 
against  the  outer  margin  of  the  central  nucleus.     Many  of  the  fibres  of  this 
enter  it  at  once  and  become  disjxTsed  amongst  its  cells;  others  sweep  over 
dorsal  surface,  so  as  to  give  it  a  superficial  covering ;  whilst  a  third  group  is  carriel^ 
in  the  form  of  a  thin  layer  inwards  on  its  ventral  aspect,  so  as  to  mark  it  off  frai 
the  subjacent  Sylvian  gray  matter  of  the  aqueduct  (Fig.  432,  p.  537).     In  thii' 
manner,  tlierefore,  the  inferior  quadrigeminal  nucleiLs  iKJcomes  i)artially  circun- 
scribed  by  the  fibres  of  the  lateral  fillet.     Several  of  the  lateral  fillet  fibres,  whiek 
proceed  over  the  superficial  or  dorsal  aspect  of  the  nucleus,  reach  the  mesial  plane 
and  form  a  loose  decussation  with  the  corresponding  fibres  of  the  opposite  side. 

The  iiitiniatc  connexion  which  is  thus  t^xliibitwl  Ijctween  tlie  fibros  of  the  lateral  fillet  laJ 
the  niicU'U.s  of  tho  inferior  «iuadrigeniinal  Inxiy  is  very  significant  It  haa  already  been  abon 
that  the  lateral  fillet,  t(»  a  large  extent,  crimes  from  tlie  nuclei  of  terunnation  of  the  cocbktf 
nerve  of  the  (»piM>site  side,  altlumgh  most  of  its  fibivs  have  to  pass  through  several  nuclear  iiitff- 
nuh'H  Ix'tui-e  they  win:h  the  inferior  (auulrigeminal  IkkIv.  TV'c  niust  associate,  therefore,  tk 
inftriur  (luadrigeminal  VmmIv,  and  also  the  corpus  geniculatuni  intonuun,  which  likewise  receini 
lat«*ral  tilK^t  tihn-s,  with  the  organ  of  hearinL'. 

Til  is  vifw  rif  the  inf»*rior  (luadrif^iMninal  l)odies  is  supjK)rt<.Hl  both  by  ex  {leri  mental  and  Iff 
ni«)rphol()«^nfal  trvidence.  Speaking  bi-oadly,  it  may  l>e  sUitwl  that  the  inferior  uuadrigeminil 
VjiKlies  ai-e  only  pivsent  as  di.stinct  eniinen«.vs  in  mammals,  and  then  they  are  invariably  correlated 
with  a  spinilly-woun«l  and  well-develope<l  cochlea.  That  they  have  nothing  to  do  with  «?ight, 
is  sho\m  by  the  fa«'t  that,  when  the  evel»alls  are  extirj^ate*'!  in  a  young  animal,  the  inferiw 
(piadrigeminal  b(Klies  remain  unaHectHl,  whilst  the  sujieri or  quadrigeminal  Ixxlies  after  a  time 
atiHjphy  ((iudden;i.  Wln-n,  on  the  other  hand,  the  c<K"hlear  terminal  nuclei  are  destroyed, fibres 
which  have  un(h*rg«)ne  atmphy  may  lx»,  followed  to  the  inlV-rior  quadrigeminal  IxkHits  of  l«oth 
sides,  but  j^artiful/irly  to  that  of  the  opposite  ai<le  (Baginski,  Bumm,  and  Ferrier  and  Turner).  A 
very  consideral»h?  tract  of  ascending  fil.iivs  takes  (ui«,nn  witliin  the  inferior  quadri^minal  body 
an<l  j)as.-es  upwai-ds,  in  the  inferior  bracliium,  into  the  tegmentum  subjficent  to  the  internal  geni- 
culate l;<Hly.  Within  the  tigmentuui  they  proi'eed  up  to  the  optic  thalanuis  (Ferrier  ai«l 
Turner). 

Superior  Quadrigeminal  Bodies  (colliculi  superiores). — The  superior  qundii- 
geininal  body  presents  a  iiiort?  coru]dicatol  .structure  (Fig.  481).  SuiHjrficially,  it  is 
coated  with  a  very  thin  layer  of  white  matter,  which  is  termed  the  stratum  zonale. 
Uuderiieath  this  there  is  a  gray  nucleus,  called  the  stratum  cinereum,  wOiich  in 
transverse  section  exhibits  a  croscentic  outliiuj  and  rests  in  a  cap-like  mauner  ujHin 
the  subjacent  ])art  of  the  eminence  The  succec^iing  two  strata,  which  respectively 
receive  the  names  of  stratum  opticum  and  the  stratum  lemnisci,  present  tliis  feature 
in  conuuon,  that  they  are  composed  of  gray  matter,  tniversed  by  numerous  fibres. 
The  source  from  which  the  fil)res  are  derived  differs,  however,  in  each  case. 

Nerve-ii]>res  reach  the  superior  quadrigeminal  body  through — (1)  the  lateral 
and  mesial  fillets,  and  (2)  through  the  superior  bracliium.     The  fillet  flbros  enter 
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p  Stratum  lemnisci,  and,  in  all  probability,  end  there.  The  superior  brachium 
^tains  fibres  of  two  different  kinds,  viz.  fibres  from  the  optic  tract  and  fibres  from 
$  cortex  of  the  occipital  lobe  of  the  cerebrum.  By  the  former  it  is  connected 
|Ul  the  retina,  and  by  the  latter  with  the  visual  centre  in  the  occipital  n^gion  of 
« cerebral  cortex.  The  retinal  fibres,  for  the  most  part,  spread  out  on  the  surlace 
itbe  quadrigeminal  body  and  form  the  stratum  zonale.  Most  of  them  dip  down 
to  the  substance  of  the  body  and  end  in  connexion  with  the  cells  of  the  deej^r 
«re;  several,  however,  are  carried  across  the  mesial  plane,  to  end  in  the  superior 
drigeminal  body  of  the  oppq^ite  side.  The  occipital  fibres,  and  probably  also 
le  of  the  retinal  fibres,  enter  the  stratum  opticum.  The  fibres  from  the  occipital 
»x  form  part  of  the  optic  radiation,  and  the  course  which  they  pursue  will  be 
It  with  later  on. 
Tegmental  Portions  of  the  Crura  Cerebri  (tegmenta). — The  tegmentum  of 

cms  cerebri  may  be  regarded  as  the  continuation  upwards  of  the   foruiatio 
cularis  of  the  medulla 
.  the  dorsal  or  tegmental 
tion   of  the  pons  into 
\  mesencephalon, 
refore  consists  of  fine 
idles     of     longitudinal  Aqn^dnctor 
es  intersected  by  arch- 

tibres,  which  take  a 
nsverse  and  curved 
rse.  The  interstices 
;ween  these  nerve- 
idles  is  occupied  by 
y  matter  containing  ir- 
ularly  scattered  nerve- 
&,  On  its  dorsal  aspect 
tegmentum  is  con- 
uous,  at  the  side  of  the 
vian  gray  matter,  with 
t  lia.ses  of  the  corpora 
uirigemina,  whilst  ven- 
Uy  it  is  separated  from 
!  crusta  by  the  sub- 
ntia  nigra.  The  two 
inentu  of  opj)Osite  aides 
I,  t<»  some  extent,  marked 

from  e^ich  other  in  the 
i*ial  plane  by  a  pro- 
igation  upwards  of  the 
"dian  raplie  of  the  |X)ns 
d  medulla,  although,  in  the  lower  part  of  the  mesencei)halon,  this  is  much 
soure(*l  by  the  decussation  of  the  sui)erior  peduncles  of  the  cerebelhini.  Tlie  two 
i;:ituilinal  strands,  termed  the  posterior  longitudinal  bundle  and  the  fillet,  are 
'»lon;^'e»l  upwards  throuj^^hout  the  entire  longtli  of  the  mesencei)haloii ;  ami  they 
\^'i\l  the  sfinie  relations  to  the  tegmentum  as  in  the  lower  parts  of  tin*  brain, 
u*  fonner  is  .placed  in  relation  to  its  dorsal  aspect,  wliilst  the  tillet  is  earried  up 

its  ventral  jwirt. 

The  tegmentum  of  the  crua  cerel)ri  may  be  considered  as  iiresenting  two  parts  : 

/..  ■1)  a  lower  part,  which  is  placed  subjacent  to  th«*  inferior  ([uadrigeminal  bodies 
id  which  is  largely  occupied  by  the  decussation  of  the  sui)erior  cfrebellar  peduncles 
'\'.  430);  and  (2)  a  superior  part,  subjacent  to  the  suijcrior  (luadrigemiual 
J«lie8.  wliich  is  traversed  by  the  emer<,'ing  bundles  of  the  third  nerve  and  which 
•ntains  a  large  and  striking  nuclear  mass,  termed  the  nucleus  rulnT  or  th(^  red  teg- 

fntiil  nucleus  (Fig.  431).     In  the  lower  part  of  the  mesencephalon  is  the  nucleus 

the  fourth  nerve;  in  the  upi»er  part,  the  nucleus  of  the  third  nerve. 
Superior  Cerebellar  Peduncles  (brachia  conjunctiva). — As  the  sui)erior  cere- 
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bellar  peduncles  leave  the  pons  and  sink  into  the  tegmenta  of  the  mesenoepU 
they  undergo  a  complete  decussation  subjacent  to  the  inferior  quadrigeminal  m 
and  the  Sylvian  gray  matter  (Figs.  407,  p.  505;  432,  p.  537;  and  430,  pi  fl 
In  this  manner  each  peduncle  is  transferred  from  one  aide,  acroas  the  av 
plane,  to  the  opposite  side.  The  decussation  is  completed  at  the  le?d^ 
the  upper  borders  of  the  inferior  quadrigeminal  bodies,  and  then  each  pedm 
proceeds  upwards  into  the  superior  part  of  the  tegmentum,  where  it  enoouil 
the  red  nucleus.  Into  this  a  large  proportion  of  its  fibres  plunge  and  come  It 
end  in  connexion  with  the  nuclear  cells.  Many  of  the  peduncular  fifaroB,  hi 
ever,  are  carried  around  the  nucleus  so  as  to  form  for  it  a  capsule  which  is  thid 
on  the  inner  than  on  the  outer  side  (Fig.  431).  These  are  prolonged  into! 
subthalamic  region,  and  ultimately  penetrate  the  ventral  aspect  of  the  optic  th 
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Fio.  431.— Trans\'erse  Section  through  the  Human  Mesencephalon  at  the  Level  of  the  Suf 

Quadrigeminal  Bodt. 

mus,  where  they  end  in  connexion  with  the  thalamic  cells.  The  superior  cereb 
peduncle  is,  therefore,  a  great  efferent  tract  which  issues  from  the  k 
hemisphere  of  the  cerebellum,  crosses  the  mesial  plane  in  the  lower  part  ol 
mesencephalon,  and  ends  in  the  red  nucleus  and  the  ventral  part  of  the  < 
thalamus. 

Red  Nucleus  (nucleus  ruber). — This  is  a  rounded  nuclear  mass,  of  a  re( 
tint  in  the  fresh  brain,  which  lies  in  the  upper  part  of  the  tegmentum,  and  ii 
path  of  the  superior  cerel)ellar  peduncle.  In  transverse  section  it  presents  a  cir 
outline.  It  begins  at  the  level  of  the  lower  border  of  the  superior  quadrigei 
body  and  it  extends  upwards  into  the  subthalamic  tegmental  region.  At  first 
small  and  is  placed  at  a  little  distance  from  the  mesial  plane ;  but  as  it  pro 
towards  the  subthalamic  region,  it  increases  in  bulk  and  approaches  more  n 
to  the  mesial  raphe,  and  its  neighbour  of  the  opposite  side.  The  curved  emei 
bundles  of  the  third  nerve  pass  through  it  on  their  way  to  the  surface. 
relation  which  the  fibres  of  the  opposite  8ui)erior  cerebellar  peduncle  present 
has  been  described.  These  fibres  traverse  its  lower  part  in  such  numbers  thj 
Weigert-Pal  specimens  it  presents  a  very  dark  colour ;  but  higher  up,  as  the  i 
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Decussatiug 
fibres 


Lually  absorbed  by  the  nuclear  mass,  they  become  less  numerous  in  its 
Qd  the  nucleus  assumes  a  paler  tint. 

rous  fibres  which  descend  from  the  cerebral  cortex  and  others  from  the  corpus  striatum 
r«d  nncleii&  It  likewise  sends  out  fibres  which  proceed  in  two  directions  :  (1)  upwards 
halamos ;  (2)  downwards  to  the  spinal  cord.  The  former  may  be  regarded  as  carrying 
Dtinuity  of  the  superior  cerebellar  path  after  its  internodal  interruption  in  the  red 
The  fibzes  to  the  spinal  cord,  called  the  ruhro-spinal  tract  and  first  described  by 
,  croas  to  the  opposite  side  and  then  descend  in  the  tegmentum  to  reach  the  lateral 
f  the  cord. 

€rior  Longitudinal  Fasciculus. — This  is  a  very  conspicuous  tract  of  longi- 
Bbres  which  extends  throughout  the  whole  length  of  the  medulla,  pons,  and 
phalon,  in  the  formatio  reticularis  or  tegmental  part  of  each.  Below,  at  the 
the  decussation  of  the  pyramids,  it  becomes  continuous  with  the  anterior 
ndle  of  the  spinal  cord  (p.  491),  whilst,  by  its  opposite  or  upper  end,  it 
les  intricate  connexions  in 
.on  immediately  above  the 
phalon.  Throughout  its 
ength  it  lies  close  to  the 
)lane  and  its  fellow  of  the 
side.  In  the  mesen- 
1  it  is  applied  to  the 
aspect  of  the  Sylvian  gray 

whilst   in  the   pons  and 

it  is  situated  immediately 
it  to  the  gray  matter  of  the 
the  fourth  ventricle.  One 
lost  salient  features  is  the 
)  association  which  it  pre- 
th  the  three  motor  nuclei 
hich  the  nerves  for  the 
)f  the  muscles  of  the  eye- 
j  origin,  viz.  the  oculo-motor 
[  nucleus,  the  trochlear  or 
aucleus,  and  the  abducent 

nucleus.  The  first  two  of 
e  closely  applied  to  its  inner 
•sal   aspect,  whilst  the  ab- 

nucleus  is  placed  on  its 
de.     Into  each  of  these  nuclei  it  sends  many  collaterals,  and  probably  also 

its  constituent  fibres,  and  these  end  in  terminal  arborisations  around  the 
cells.  It  would  appear,  therefore,  that  one  of  the  most  important  functions 
strand  is  to  bind  together  these  nuclei,  and  thus  enable  them  to  act  in 
y  with  each  other.  Fibres  also  enter  the  posterior  longitudinal  fasciculus 
e  auditory  system  and  perhaps,  also,  from   the   facial  and  other  motor 

The  results  obtained  by  degeneration  would  seem  to  indicate  that,  to  a 
tent,  it  is  formed  of  fibres  which  run  a  short  course  within  it. 

te  of  the  large  auiount  of  attention  which  lias  been  given  to  the  study  of  the  posterior 
nal  bundle,  it  must  be  admitted  that  there  is  little  unanimity  of  opinion  regaixling  its 
as  and  functions.  That  it  is  a  brain  tract  of  high  importance,  is  evident  from  tlie  fact 
present  in  all  vertebrates,  and,  further,  that  its  fibres  assume  their  medullary  sheaths 
remely  early  period.  In  fish,  amphibians,  and  reptiles,  it  is  one  of  the  most  powerful 
jf  the  medulla.  In  man  its  fibres  medullate  between  the  sixth  and  seventh  months  of 
,  and  at  the  same  time  as  the  fibres  of  the  anterior  basis-bundle  of  the  cord,  with  which 
in*  connexion. 

ling  to  Van  Gehuchten  and  Edinger,  it  extends  upwards  l)eyond  the  level  of  the 
tor  nucleus,  and  in  the  subthalamic  region  its  fibres  take  origin  from  a  special  nucleus  of 
Q  the  gray  matter  of  the  thiixl  ventricle,  immediately  below  the  level  of  the  corpora 
aria.  Fibres  also  enter  the  posterior  longitudinal  bundle  from  a  nucleus  common  to  it 
osterior  commissure  of  tlit*  brain.  This  nucleus  is  placed  in  the  fore-part  of  the  Sylvian 
ter  of  the  mid-brain.  Held  asserts  that  numerous  fibres,  arising  from  cells  in  the  superior 
ninal  bo^ly,  curve  in  an  arcuate  manner  in  the  tegmentum  outride  the  Sylvian  gray 


Fig.  432.— Section  through  the  inferior  Quadrigeminal 
Body  and  the  Tegmentum  op  the  Mesencephalon 
below  the  I^vel  of  the  Nucleus  of  the  Fourth 
Nerve  in  the  Orano.  (The  decussation  of  the  superior 
cere) Millar  peduncles  and  the  course  of  the  fourth  nerve 
in  the  Sylvian  gray  matter  are  seen. ) 
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matter,  to  take  part  on  the  ventral  aspect  of  this  in  what  is  called  the  ''fountain  decQ 

Reaching  the  opposite  side  these  fibres  turn  downwards  and  join  the  poeterior  loo^ 

fascicuhis.     The  same  authority  considers  that  fibres  from  the  ventral  part  of  the  i 

commissure  can  also  be  tnoed 
wards  into  the  poeterior  long 
bundle.  Edinger,  on  the  oftlw 
places  these  fibres  as  a  distinct 
the  ventral  and  lateral  aspect 
posterior  longitudinal  bundle,  a 
HI  apposition  with  it 

ifendel  believes  that  fibres  i 
oculo-motor  nucleus  are  carried  i 
the  posterior  longitudinal  bond 
from  this,  into  the  fiEu;ial  nerve 
supply  of  the  orbicularis  palp 
and  the  corru£[ator  supercuii,  1 
these  muscles  therefore  under  ihi 
of  the  same  nucleus  as  the  levato 
braB  superioris  muscle.  This  ▼ 
received  corroboration  at  the  1 
Tooth  and  Turner.  It  has  been 
suggested  that  fibres  from  the  hyj 
nucleus  may,  by  thepoeterior  long 
fasciculus,  reach  the  facial  nei 
through  it  the  orbicularis  ori& 
manner  the  same  nucleus  won 

Fig.  433. — Section  through  the  inferior  Quadrigeminal  sway  over  the  tongue  and  the  s 
Body  and  the  Tegmentum  of  ihe  Mesencephalon,  muscle  of  the  lips.  The  dose 
AT  a  slightly  Lower  Level  than  Fig.  432.  which  exista  between  the  ascend 

of  the  intrapontine  portion  of  t 

nerve  and  the  posterior  longitudinal  bundle  would  render  the  passage  of  fibres  irom  oi 

other  a  matter  which  could  easily  be  understood.     Another  interchange  of  fibres  thic 

poeterior  longitudinal  bundle  has  been  described  by  Duval  and  Laborae.     According 

authorities,   nbres  from  the  abducent  nucleus  ascend   in   the  ^^  ^^^ 

posterior   longitudinal    bundle   into  the  mesencephalon,  and  ~ 

establish  connexions  with  that  part  of  the  oculo-motor  nucleus 

from  which  the  nerve  for  the  internal  rectus  of  the  opposite 

side  derives  its  fibres.     If  this  view  be  correct,  it  affords  a 

ready  and  simple  anatomical  explanation  of  the  harmonious 

action  of  the  external  and  internal  recti  muscles  in  producing 

movements  of  the  two  eyel>alls  simultaneously  to  the  right  ana 

to  the  left.     From  the  investigations  of  E.  H.  Fraser  it  would 

appear  that  no  fibres  from  the  abducent  nucleus  go  directly  into 

the  oculo-motor  nerve.      The  same   observer  has  shown  that 

many  fibres  from  Deiters'  nucleus,  through  the  path  afforded 

by  the  posterior  longitudinal  bundle,  enter  the  third  and  the 

fourth  nuclei. 

Lateral  Fillet  (lemniscus  lateralis). — The  lateral 
fillet  is  a  definite  tract  of  longitudinal  fibres,  which 
extends  upwards  through  the  lateral  ^jart  of  the  teg- 
mental substance  of  the  upi)er  portion  of  the  pons  and 
the  mesencephalon.  It  is  formed  by  the  fibres  of  the 
corpus  trapezoides  in  the  lower  part  of  the  pons, 
abruptly  turning  upwards  and  taking  a  course  towards 
the  quadrigeminal  region.  Entering  into  its  constitu- 
tion, therefore,  are  fibres  from  several  sources,  viz.  (1) 
from  the  terminal  cochlear  nuclei  of  the  opposite 
side;  (2)  from  the  tenninal  cochlear  nuclei  of  the 
same  side ;  (3)  from  the  superior  olivar}'  nuclei.  As 
the  tract  proceeds  upwards  a  continuation  of  the 
gray  matter  of  the  superior  olivary  nucleus  is  carried 
up  in  connexion  with  it  to  form  the  nucleus  of  the  lateral  fillet,  and  fr 
fibras  are  also  added  to  the  strand.  In  the  mesencephalon  the  fibres 
lateral  fillet  end  in  the  nucleus  of  the  inferior  quadrigeminal  body  (p.  5 
in  the  gray  substance  of  the  corpus  gehiculatum  internum,  whilst  a  1 
carried  into  the  superior  quadrigeminal  body.  The  fibres  which  go  to  the 
idrigeminal  body  sweep  outwards  round  the  outer  side  of  the  superii 


Fia.  434.— Diagram  ok 
nexions     of     thb     ] 
Longitudinal     Bundi 
Held — modified). 
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pedande,  and  to  some  extent  appear  on  the  surface  of  the  mesencephalon 
5)- 

t  the  lateral  fillet  cannot  be  considered  as  a  tract  composed  entirely  of  ascending  fibres 
ing  to  the  auditory  mtem.  It  also  contains  descending  fibres,  tlie  connexions  and 
1110  of  which  are  not  niUy  understood.  These  have  been  traced  by  Ferrier  and  Turner 
:li  the  pons  and  medulla  into  the  lateral  column  of  the  cord. 

[esial  Fillet  (lemniscus  mesialis). — The  mesial  fillet  has  already  been  followed 
gh  the  medulla  and  pons,  and  its  position  in  each  of  these  portions  of  the 
-stem  has  been  defined  (pp.  493  and  504).  In  the  tegmentum  of  the  lower 
of  the  mesencephalon  it  is  carried  up  in  the  fonn  of  a  more  or  less  flattened 
on  the  ventral  aspect  of  the  decussating  superior  cerebellar  peduncles.  To 
iter  side,  and  forming  an  angle  with  it  (as  seen  in  transverse  section),  is  the 
il  fillet  (Figs.  432  and  433),  and  at  this  level  there  is  no  clear  demarcation 
een  these  two  tracts.  In  the 
r  part  of  the  mesencephalon  the 
Arance  of  the  red  nucleus  in  the 
lentum  causes  the  mesial  fillet  to 

up  a  more  lateral  and  dorsal 
ion,  so  that  it  now  comes  to  lie 
icent  to  the  corpus  geniculatum 
num  (Fig.  431,  p.  536).    At  this 

it  exhibits  a  crescentic  outline 
-ansverse  section,  and  the  lateral 
has  to  a  large  extent  disappeared 
its  outer  side. 

be  mesial  fillet  takes  origin  in 
lower  part  of  the  medulla  ob- 
Lta  from  the  gracile  and  cuneate 
d  of  the  opposite  side  (p.  493). 
ig  that  the  posterior  column  of 
Old  ends  in  these  nuclei,  the  fillet 

be  considered  to  continue  that 
an  upwards  into  the  brain.  In 
lesencephalon  a  considerable  con- 
tion  of  fibres  is  given  by  the  mesial 

to  the  superior  quadrigeniinal 
,  and  then  the  remainder  of  the 
proceeds  through  the  subthalamic 
ental  region  into  the  hinder  part 
le  lateral  nucleus  of  the  optic 
mus.  Here  its  fibres  end  in  ter- 
1  arborisiitions  around  the  tliala- 
:elk. 
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Fig.  43.5. — Dia<}Kam    of 
Mesial    Fillet    and 
Thalamo-cortical  Fibres. 
inglion  Interpedunculare  and  Fasci- 

Retroflexus. — On  the  vi-ntral  aspect  of  the  tegim?ntiim,  clrwe  to  the  surface  and  to  the 
1  plane,  tliere  is  a  small  group  of  cells  in  the  lower  part  of  the  gray  niatt(*r  which  torin.- 
cu?  ]>erforatus  |M)sticus.  This  is  termed  the  (janfjlion  inferpeduncuUirc. 
le  fasciculus  retroji^cus  is  a  small  band  of  fibres  which  arises  above  in  the  ganglion 
^iilj,. — a  nuclear  nuiss  which  will  ])e  studied  in  connexion  with  the  diencephalon  -and 
I  runs  <iownwanl3  and  forwaixls  in  the  tegmentum  of  th(^  upper  part  of  the  mes(;ncephalon 
en  the  inner  as|>ect  of  the  nucleus  ruber  and  the  mesial  plane,  to  end  in  the  ganglion 
HHlunculare. 

>imtain  Decussation. — If  the  region  in  frcmt  of  the  posterior  longitudinal  bundles  )h* 
ined  in  the  upper  part  of  the  mesencephalon  a  very  close  decussation  of  fibres  in  the  mesial 

will  be  ol)serve<l  in  the  interval  In-tween  the  two  red  nuclei.  This  is  the  **  fountain 
?ation."  Acx:onling  to  Held,  tlu^  fibres  which  Uike  i>art  in  the  dorsal  portion  of  the 
ain  decussation  (decussation  of  Meynert)  come  from  the  superior  (luarlrigeminal  IxHlii's,  and, 
they  have  gaine<l  the  opposite  side,  they  tuni  downwaixls  in  the  posterior  longitu<linal 
iilus.  The  ventral  part  of  the  decuss<ition  (decussation  of  Forel)  would  aj>pear  to  ]»e  forme<l 
cuate  fibres  of  the  tegmentum  which  arise  in  the  gray  matter  of  the  Sylvian  a(pie<liict. 

Imsta  or  Pea  of  the  Cms  Cerebri  (basis  pedunculi). — The  crusta  preseut^  ^ 
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somewhat  crescentic  outline  when  seen  in  section,  and  it  stands  quite  apart  J 
its  fellow  of  the  opposite  side.     It  is  composed  of  a  compact  mass  of  longitud 
directed  fibres,  all  of  which,  as  D^jerine  has  shown,  arise  in  the  cortex  of  i 
cerebrum  and  pursue  an  unbroken  corticifugal  course  into  and  through  the  ( 
of  the  crus  cerebri.     These  fibres  may  be  classified  into  two  distinct  ae^  i 
cortico-pontine  and  pyramidal. 

The  cortico-pontine  fibres  possess  this  leading  peculiarity :  in  their  course  < 
wards  they  are  all  arrested  in  the  ventral  part  of  the  pons  Varolii  and  aid| 
fine  terminal  arborisations  around  the  cells  of  the  nucleus  pontis.     They  come  I 
certain  well-defined  areas  of  cerebral  cortex,  viz.  (1)  the  cortex  of  the  prefi 
part  of  the  frontal  lobe,  and  (2)  the  cortex  of  the  middle  portion  of  the 
lobe.     These  tracts  would  appear  to  hold  a  very  definite  position  within  the~( 
Thus  it  has  been  satisfactorily  established  that  the  temporo-pontine  strand  itsrami 
outer  or  lateral  fifth  of  the  crusta,  whilst  the  researches  of  Terrier  and  ~ 
render  it  more  than  likely  that  the  fronto-pontine  strand  holds  a  similar  ] 
in  the  inner  or  mesial  part  of  the  crusta. 

The  pyramidal  fibres  constitute  the  great  motor  tract  from  the  cerebral  ( 
They  occupy  a  position  corresponding  to  the  middle  three-fifths  of  the 
The  pyramidal  tract  differs  ffom  the  cortico-pontine  strands  in  being 
downwards  through  the  ventral  part  of  the  pons  and  on  the  ventral  aspect  of  1 
medulla  into  the  cord,  which  it  enters  in  the  form  of  the  crossed  and 
pyramidal  tracts.  On  its  way  through  the  pons  and  medulla  it  sends  fibres  to  1 
various  motor  nuclei  in  those  sections  of  the  brain-stem. 


Deep  Origin  of  the  Cranial  Nerves  which  arise  within  the 

Mesencephalon. 

Two  of  the  motor  cranial  nerves,  viz.  the  oculo-motor  and  the  trochlear  nem^l 
as  well  as  the  mesencephalic  root  of  the  trigeminal  nerve,  obtain  origin  within  tbe I 

mesencephalon.  The  nocUl 
from  which  they  spring 
all  situated  within  the  gi^j 
matter  of  the  Sylvian  aqoe-^ 
duct. 

Mesencephalic  £oot  of  tki 
Trigeminal  Nerve  (radix  de- 
scendens). — The  fibres  of  thii 
root  arise  from  a  column  of 
large,  sparsely -arranged  celk^ 
which  extends  throughout  the 
entire  length  of  the  mesen- 
cephalon. These  cells  lie  in 
the  outer  part  of  the  Sylvian 
gray  matter,  close  to  the  teg- 
mentum. The  axons  which 
emerge  from  the  cells  run 
downwards  close  to  the  outer 
surface  of  the  Sylvian  grav 
matter  in  the  form  of  a  small, 
gradually-increasing  tract.  In 
the   lower  ^mrt  of  the  mesen- 
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Fig.  136.— Skction  throu<;h  the  Tnfertou  Quaduiukminal  Boot  ceplialon   this   tract  asSUmes  a 

AND  THE  TkoMKXTUM   OF  THE    MESENCEPHALON  AT  THE   LeVEL   ereSCeUtiC       OUtliuC        and       Ulti- 

<)F  THE  Middle  Part  of  the  Nucleus  of  the  Trckhlear         '    ,  ^    i-  '       .i      . 

N  er vE  ( ( )r.au-).  matcly  comes  to  he  on  the  mner 

aspect  of  the  superior  cerebellar 
peduncle  (Fig.  406,  p.  504).  The  further  course  of  the  mesencephalic  root  of  the 
fifth  ntTve  through  the  upper  part  of  the  pons,  to  the  point  where  it  joins  the 
emer^dnj^'  motor  root  of  th(5  trigeminal  nerve,  has  already  been  traced  (p.  526). 

Trochlear  or  Fourth  Nerve  (nervus  trochlearis). — The  trochlear  nerve  supplies 
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)r  oblique  muscle  of  the  eyeball.  It  emerges  from  the  brain,  on  its 
5ct,  at  the  upper  part  of  the  superior  medullary  velum,  immediately 
lower  border  of  the  inferior  quadrigeminal  body  (Fig.  438,  p  543).  The 
>m  which  it  arises  is  a  small  oval  mass  of  gray  matter,  placed  in  the 
rt  of  the  Sylvian  gray  matter  at  the  level  of  the  upper  part  of  the 
ladrigeminal  body.  The  close  association  of  this  nucleus  with  the 
mgitudinal  bundle  has  already  been  alluded  to.  It  is  sunk  deeply  in  a 
I  is  hollowed  out  on  the  dorsal  and  inner  aspect  of  that  tract.  The 
a  course  of  some  length  within  the  mesencephalon.  The  axons  of  the 
the  outer  aspect  of  the  nuclear  mass,  and  curve  backwards  and  outwards 
Lvian  gray  matter  until  they  reach  the  concave  inner  surface  of  the 
alio  root  of  the  trigeminal  nerve.  Here  they  are  gathered  together  into 
3  roimd  bundles,  which,  bending  sharply,  turn  downwards  at  a  right 

descend  on  the  inner  side  of  the  trigeminal  root.  When  the  region 
inferior  quadrigeminal  body  is  reached,  the  nerve  makes  another  sharp 
is  time  it  turns  inwards,  enters  the  upper  end  of  the  superior  medullary 
e?hich  it  decussates  with  its  fellow  of  the  opposite  side.  Having  thus 
B  mesial  plane,  the  trochlear  nerve  emerges  at  the  inner  border  of  the 
)rebellar  peduncle.  The  course  pursued  by  the  fourth  nerve  within  the 
ay  matter  may  be  traced  by  examining  in  succession  Fig.  437 ;  Fig.  432, 
g.  433,  p.  538 ;  and  Fig.  407,  p.  505. 

motor  or  Third  Nerve  (nervus  oculo-motorius). — The  oculo-motor  nerve 
le  levator  palpebrse  superioris,  all  the  ocular  muscles,  with  the  exception 
iperior  oblique  and 
lal  rectus,  and  also 
38  within  the  eyeball, 
iphincter  iridis  and 
ulus  ciliaris.  The 
'  origin  is  placed  in 
I  part  of  the  Sylvian 
er  subjacent  to  the 
quadrigeminal  body 
p.  536).  In  length 
58  from  5  to  6  mm. 
ind  is  partially  con- 
dth  the  nucleus  of 
ear  nerve,  whilst  its 
extends  upwards  for 
listance  beyond  the 
lalon  into  the  gray 

the  lateral  wall  of 
en  tr icle.  I  ts  relation 
«terior  longitudinal 
even  more  intimate 
i  of  the  trochlear 
It  is  closely  applied 
sal  and  inner  aspect 
rand;  many  of  its 
py  a  position  in  the  intervals  between  the  nerve -bundles  of  the 
some  even  are  seen  on  its  ventral  or  tegmental  aspect.  The  axons  of 
ir  cells  leave  the  nucleus  in  numerous  bundles,  which  describe  a  series 
as  they  proceed  forwards  through  the  posterior  longitudinal  bundle,  the 
n,  red  nucleus,  and  inner  margin  of  the  substantia  nigra,  to  finally  emerge 
brain-stem  along  the  bottom  of  the  sulcus  oculo-motorius  on  the  inner 
ihe  crus  cerebri. 

i  of  the  ociilo-niotx)r  nucleus  are  not  uniformly  distributed  throughout  it  They  are 
0  several  more  or  less  distinct  collections  or  clumps,  some  of  which  possess  cells  which 
;  and  appearance  from  the  others.  These  cell-clustere  are  very  generally  believed  to 
jfinite  relation  to  the  several  branches  of  the  nerve  and  the  muscles  which  thev 
•rlia  recognises  no  less  than  seven  sucli  cell-clusters  in  each  nucleus,  with  a  small 


SyJvlan  gray 
iii&tt«r 

Aqueduct 
UoM^DCflphalic 
root  of  bfth 
nerve 
Fourth  nerve 

Posterior 

longitudinal 

bundle' 

DtKuaation  of 
Uw  laijerior 

pAdtmcIttt 


Fi(}.  437.— Section  through  the  Inferior  Quadrigeminal  Body 
AND  the  Tegmentum  of  the  Mesencephalon  at  the 
Level  of  the  Lower  Part  of  the  Nucleus  of  the  Troch- 
lear Nerve  (Orang). 
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median  nucleus  })laced  accurately  on  the  middle  line,  and  from  which  fibres  for  both 
spring.     Whilst  tlie  majority  of  the  fibres  in  tlie  oculo-motor  nerve  ariBe  from  the  cell- 
which  lie  on  it^  own  side  of  the  mesial  plane,  it  has  been  satisfactorily  established  that  a 
proj)ortion  of  its  fibres  are  derived  from  the  nucleus  of  the  opposite  side,  thus  forming  a 
connexion  and  giving  rise  to  a  median  decussation.     These  crossed  fibres  are  supposed  by 
to  supply  the  internal  rectus  muscle  ;  and  we  have  seen  that  there  is  reason  to  belieye 
part  of  tne  nucleus  from  which  these  fibres  are  derived  stands  in  connexion  through  the 
longitudinal  fasciculus  with  the  abducent  or  sixth  nucleus  from  which  proceeds  the 
supply  for  the  external  i-ectus  muscle.    The  harmonious  action  of  the  internal  and  extemil 
in  producing  the  conjugate  movements  of  the  eyeballs  is  thus  explained. 

The  oculo-motor  nucleus  is  connected — (1)  with  the  occipital  part  of  the  cerebral  cortai 
fibres  which  reach  it  through  the  optic  radiation ;  (2)  with  the  trochlear  and  abducent  vm 
(and  probably  with  other  nuclei)  by  fibres  which  come  to  it  through  the  posterior  longitoi 
bundle  ;  (3)  possibly  with  the  facial  nerve  by  fibres  which  pass  out  from  it  into  the  porta 
longitudinal  bundle  (p.  638) ;  (4)  with  the  visual  system  by  fiores  which  enter  it  from  the  odi 
the  superior  quadrigeminal  body. 

Development  of  the  Mesencephalon. 

Even  in  the  early  embryo  the  mesencephalon  constitutes  the  smallest  section  of  t 
brain-tube,  although  the  disproportion  in  size  between  it  and  the  other  primitiTe  ■ 
divisions  of  the  brain  is  not  nearly  so  marked  as  in  the  adult.  Owing  to  the  ceplM 
flexure,  the  mid-brain  for  a  time  occupies  the  highest  part  of  the  summit  of  the  ha 
Later  on  it  becomes  completely  covered  over  by  the  expanding  cerebral  hemispheres. 

The  corpora  quadrigemina  are  derived  from  the  alar  lamina)  of  the  lateral  walls  of  i 
brain-tube,  whilst  the  basal  laminaD  thicken  and  ultimately  form  the  tegmenta  and  era 
of  the  two  crura  cerebri.  The  original  cavity  of  the  mid-brain  is  retained  as  the  aquedi 
of  Sylvius. 

For  a  considerable  time  the  cavity  of  the  mesencephalon  remains  relatively  laige,  i 
the  lower  part  of  its  dorsal  wall  is  carried  downwards  in  the  form  of  a  diverticulnm 
recess,  which  overlaps  the  cerebellar  plate.  About  this  time,  also,  the  dorsal  wall  shoi 
median  fold  or  ridge.  Both  of  these  conditions  are  transitor}'.  As  the  corpora  quw 
gemina  take  shape,  the  median  ridge  disappears  and  is  replaced  by  the  median  lougitodi 
groove,  which  separates  the  quadrigeminal  bodies.  Only  its  lower  part  is  retained,  and  t 
is  represented  by  the  frenulum  veli  of  the  adult  brain.  The  diverticulum  of  the  caf 
gradually  becomes  reduced,  and  finally  disappears  as  the  aqueduct  assumes  form. 

FORE-BRAIN. 

Parts  derived  from  the  Diencephalon. 

Under  this  heading  we  have  to  consider :  (1)  the  thalamus ;  (2)  the  epitluJjUB 
which  comprises  the  pineal  body  and  the  habenular  region ;  (3)  the  metathabUB 
or  the  corpora  geniculata  ;  and  (4)  the  hypothalamus. 

The  hypothalamus  consists  of  two  portions,  viz.  the  pars  mammillaris  hypothalai 
which  comprises  the  corpus  mammillare  and  the  portion  of  the  central  gray  matt 
which  forms  the  floor  of  the  third  ventricle  in  its  immediate  vicinity ;  and  the  pi 
optica  hypothalami,  which  embraces  the  tuber  cinereum,  the  infundibulum,  t 
pituitary  body,  and  the  lamina  cinerea.  Strictly  speaking,  the  optic  part  of  t 
hypothalamus  does  not  belong  to  the  diencephalon,  })ut  it  is  convenient  to  stn 
the  parts  which  it  represents  at  this  stage.  It  is  also  convenient  to  examine, 
the  same  time,  the  subthalamic  tegmental  region,  although  a  very  considerable  part 
this  is  apparently  developed  in  connexion  with  the  mesencephalon. 

The  original  cavity  of  that  part  of  the  brain-tube  which  forms  the  diencepha 
is  repn^sented  by  the  greater  part  of  the  third  ventricle  of  the  brain. 

Optic  Thalamus  (thalamus). — The  optic  thalamus  is  the  principal  object 
this  section  of  the  brain  (Fig.  438).  It  is  a  large  ovoid  mass  of  gray  matter,  wh 
lies  obliquely  across  the  path  of  the  crus  cerebri  as  it  ascends  into  the  cerebri 
The  smaller  anterior  end  of  the  thalamus  lies  close  to  the  mesial  plane,  and  is  o 
separated  from  the  corresponding  part  of  the  opposite  side  by  a  very  nar 
interval.  The  enlarged  posterior  ends  of  the  two  thalami  are  placed  more  wic 
apart,  and  in  the  interval  between  them  the  corpora  quadrigemina  are  situa 
As  previously  stated,  the  crusta  of  the  crus  cerebri,  composed  of  cortioifugal  fil 
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ipdually  inclines  outwards  as  it  is  traced  upwards,  aud  thus  it  assumes  a  place,  on 
'  \  oater  aspect  of  the  optic  thalamus  and  passes  into  the  internal  capsule  of  the 
The  tegmental  part  of  the  eras,  on  the  other  hand,  comes  into  relation 
the  under   surface  of  the  thalamus,  and  forms  in  this  situation  the  sub- 
t^Smental  region.      To  a  large  extent  the   longitudinal   fibres   of   the 
itum  are  corticipetal.      For  the  most  part  they  enter  the  thalamus,  and 

1  within  it  in  fine  arborisations  around  the  thalamic  cells. 

The  two  optic  thalami,  in  their  anterior  two-thirds,  lie  close  together  on  either 
jrieof  a  deep  mesial  cleft,  which  receives  the  name  of  the  third  ventricle  of  the 
pin.  Each  thalamus  presents  an  anterior  and  a  posterior  extremity  and  four 
^aces.  The 
liferior  and  ex- 
■mal  surfaces 
■e  in  apposition, 
aid,  indeed,  di- 
■ctly  connected 
■ith  adjacent 
■Btsof  the  brain, 
pd  on  this  ac- 
Mnt  it  is  only 

C'ble  to  study 
I  by  means  of 
iaetions  through 
k  brain.  The 
ftperior  and  in- 
ternal surfaces 
ire  free. 

The  «;^«rnrt/P*^^*^*^'"^ 
^lateral  surface 
of  the  thalamus 
Ib  applied  to  a 
Jkick  layer  of 
rhite  matter  in- 
arposeJ  between 
and  the  lenti- 
alar  nucleus, 
lied  the  internal 
psnle,  and  com- 
»8ed  of  fibres 
issing  both  up- 
ards  towards 
id  downwards 
om  the  cerebral 

jrtex.  A  large  proportion  of  these  fibres  descend  to  form  the  crusta  or  ventral 
art  of  the  crus  cerebri.  From  the  entire  extent  of  tlie  extornjil  surface  of 
he  thalamus  large  numbers  of  fibres  strenm  out  and  enter  the  internal  ea])sule, 
0  reach  the  cerebral  cortex  ;  over  the  same  area  other  fibres  which  arise  in  tlio  cortex 
tf  the  cerebrum  enter  the  thalamus.  Both  of  tliese  sets  of  fil)rc.s  constitute  what  is 
ermed  the  thalamic  radiation,  and  by  this  the  thalamus  estalilislies  a  double  con- 
lexion  with  the  entire  extent  of  the  cen^liral  cortex.  As  the  fibrt^s  leave  aud  enter 
the  thalamus  they  intersect  each  other  at  acute  angh^s,  and  over  tlie  whole  of  the 
exi4irual  surface  of  the  gangUouic  mass  they  form  a  very  distinct  r(^ticulat<Ml  zone 
or  stratum,  which  is  termed  the  external  medullary  lamina. 

The  inferior  or  ventral  surface  of  the  thalamus  rests  chiefly  on  the  subthalamic 
tej^ental  region  and  the  corpus  mammillan\  In  front,  liowever,  as  the  tegmental 
substance  gradually  disapixjai-s,  the  thahimus  comes  to  lie  over  the  outer  part  of  the 
tuber  cinereum.  From  the  subtbalamic  region  many  fibres  enter  the  thalamus  on 
it8  under  aspect,  whilst  other  fibres  leave  this  surface  of  the  thalamus  to  take  i^art 
in  the  thalamic  radiation. 


X<5mt-v*iitTlcnl]ir 


to  foiiiix 
Tmchlfai  uervn. 
tH^llAr  i^sduTictr 


Bulb 


Oeftu  of  corpus 
callnsum 
C]nr[iiiH  callosum 

Wntricle  V. 
Stptum  luciduiii 

Candat^  uiicleiiii 


Fornix 

KuTaniPU  of  Monro 

Aulerior  ooniTnissurc 
Anterior  tnltercle 
rjf  tlialaiiiUH 

Gray  coimiiissure 


Tliinl  ventricle 

T[i'jija  Reniiciroularin 

Tu-nin  thiilanii 

Trlgonuni  halxmula} 

l^jiilorior 

ronmiissuro 

J^tiitk  of  pineal  bo*ly 

PulviJiar 
Pineal  Unly 


The  Two  Optic  Thalami  (lus  seen  from  above). 


544  THE  NERVOUS  SYSTEM. 

The  swperior  or  dorsal  surface  of  the  thalamus  is  free.     Externally  it  is  I 
by  a  groove,  which  traverses  the  floor  of  the  lateral  ventricle  of  the  bnini 
intervenes  between   the  thalamus  and  the  caudate  nucleus.     In  this  grooivj 
placed  a  slender  band  of  longitudinal  fibres,  termed  the  taenia  semicukris,  i 
its  fore-part  the  vein  of  the  corpus  striatum.     InternaDy,  the  superior  su 
the  thalamus  is  separated  from  the  internal  or  mesial  surface  in  its  anterior  faa]f| 
a  sliarp  edge  or  prominent  ledge  of  the  ependyma  of  the  third  ventricle, 
termed  the  taenia  thalami,  and  the  ridge  which  it  forms  is  accentuated  by  thel 
that,  subjacent  to  it,  there  lies  a  longitudinal  strand  of  fibres  called  the  i 
medullaris.     When  these  two  structures,  viz.  the  ependymal  ridge  and  the  snbji 
tract,  are  traced  backwards,  they  are  seen  to  turn  inwards  and  become  oontini 
with  the  stalk  or  peduncle  of  the  pineal  body.     Behind  the  portion  of  the  1 
thalami  which  turns  inwards  towards  the  pineal  boily  a  small  depressed 
area,  the  trigonum  habenulse,  sitiiated  in  front  of  the  superior  quadrigeminal  I 
forms  a  very  definite  inner  boundary  for  the  hinder  part  of  the  superior  sor&n^ 
the  thalamus. 

The  superior  surface  of  the  thalamus  is  slightly  bulging  or  convex,  and  i8a(| 
whitish  colour,  owing  to  the  presence  of  a  thin  superficial  covering  of  nerve-fib 
termed  the  stratum  zonale.     It  is  divided  into  two  areas  by  a  faint  oblique  |^ 
which  begins  in  front  at  the  inner  border,  a  short  distance  behind  the  anti 
extremity  of  the  thalamus,  and  extends  outwards  and  backwards  to  the  outer  ] 
of  the  hinder  end.     This  groove  corresponds  to  the  outer  edge  of  the  fornix, 
two  areas  which  are  thus  mapped  out  are  very  difierently  related  to  the  venti 
of  the  brain,  and  also  to  the  parts  which  lie  above  the  thalamus.     The  (mUr  i 
which  includes  the  anterior  extremity  of  the  thalamus,  forms  a  part  of  the  flooii 
the  lateral  ventricle.     It  is  covered  with  ependyma,  overlapped  by  the  eh 
plexus  of  this  ventricle,  and  lies  immediately  subjacent  to  the  corpus  ealli 
Along  the  line  of  the  groove  the  epithelial  lining  of  the  lateral  ventricle  is  reflectell 
over  the  choroid  plexus  of  this  cavity.     The  inner  area,  which  includes  the 
end  of  the  thalamus,  intervenes  between  the  lateral  and  third  ventricles  of  1 
brain,  and  takes  no  part  in  the  formation  of  the  walls  of  either.     It  is  covered  bji 
fold  of  pia  mater,  termed  the  velum  interpositum,  above  which  is  the  fornix,  iH| 
these  two  structures  intervene  between  the  thalamus  and  the  corpus  callosuin. 

The  anterior  extremity  of  the  thalamus,  called  the  anterior  tabeide  (tuberculni] 
anterius  thalami),  forms  a  marked  bulging.  It  projects  into  the  latei^  ventrid^l 
behind  and  to  the  outer  side  of  the  free  portion  of  the  anterior  pillar  of  the  fonuL  | 
The  foramen  of  Monro,  a  narrow  aperture  of  communication  between  the  latent  1 
and  third  ventricles  of  the  brain,  is  bounded  in  front  by  the  anterior  pillar  of  tkl 
fornix  and  behind  by  the  anterior  tubercle  of  the  thalamus. 

The  posterior  extremity  of  the  thalamus  is  very  prominent  and  forms  a  cushiflo- 
like  projection,  which  overhangs  the  brachia  of  the  corpora  quadrigemina.  Thii 
prominence  is  called  the  polvinar.  Another  oval  bulging  on  the  hinder  part  of  the 
thalamus  receives  the  name  of  the  corpus  geniculatmn  externum.  It  is  situated 
below,  and  to  the  outer  side  of,  the  pulvinar,  and  presents  a  very  intimate  connexion 
with  the  optic  tract. 

The  mesial  surfaces  of  the  two  thalami  are  placed  close  together,  and  an 
covered  not  only  by  the  lining  ependyma  of  the  third  ventricle,  but  also  by  • 
tolerably  thick  layer  of  gray  matter,  continuous  below  with  the  central  gi»J 
substance  which  surrounds  the  aqueduct  of  Sylvius  in  the  mesencephalon.  A  band 
of  gray  matter,  termed  the  gray  or  soft  commissure  (commissura  mollis),  crosses  the 
third  ventricle  and  joins  the  inner  surfaces  of  the  two  thalami  together. 

Intimate  Structure  and  Connexions  of  the  Optic  Thalamus. — The  upper 
surface  of  the  thalamus  is  covered  by  the  stratum  zonale,  a  thin  coating  of  wlute 
fibres  derived  to  some  extent  from  the  optic  tract,  and  probably  also  from  the  optic 
radiation.  The  inner  surface  has  a  thick  coating  of  central  gray  matter,  whilst 
intervening  between  the  internal  capsule  and  the  outer  surbce  is  the  lamina 
medullaris  externa.     The  lower  surface  merges  into  the  subthalamic  region. 

The  gray  matter  of  the  optic  thalamus  is  marked  off  into  three  very  apparent 
parts — termed  the  anterior,  the  mesial,  and  the  lateral  thalamic  nuclei — by  a  thin 
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il  sheet  of  white  matter,  continuous  with  the  stratum  zonale,  termed  the 
.  medsllarig  interna.  The  lateral  nucleus  (nucleus  lateralis  thalami)  is  by  far 
irgest  of  the  three.  It  is  placed  between  the  internal  and  the  external 
lary  laminae,  and  it  stretches  backwards  beyond  the  mesial  nucleus,  and  thus 
ies  the  whole  of  the  pulvinar  (Fig.  440).  The  mesial  nucleus  (nucleus  medialis 
ai)  only  reaches  as  far  back  as  the  habenular  region.  It  is  placed  between 
ential  gray  matter  of  the  third  ventricle  and  the  internal  medullary  lamina. 
uteral  nucleus  is  more  extensively  pervaded  by  fibres  than  the  mesial  nucleus. 
the  lateral  nucleus  by  far  the  greatest  number  of  the  fibres  which  form  the 
do  thalami  pass,  and  these  are  seen  crossing  it  in  various  directions  towards 
inujia  meduUaris  externa.  The  anterior  nucleus  (nucleus  anterior  thalami)  is 
nalleet  of  the  three  thalamic  nuclei.  It  forms  the  prominent  anterior  tubercle, 
is  prolonged  in  a  wedge-shaped  manner,  for  a  short  distance,  downwards  and 
rards  between  the  anterior  parts  of  the  mesial  and  lateral  nuclei  The  internal 
diary  lamina  splits  into  two  parts  and  partially  encloses  the  anterior  nucleus. 
mnexion  with  its  large  cells  a  very  conspicuous  bundle  of  fibres,  the  bundle 
ioQ  d'Azyr  (fasciculus  thalamo-mammiUaris),  which  arises  in  the  corpus 
millare,  comes  to  an  end 

diffuse  gray  mass  imperfectly  marked  off  from  the  under  surface  of  the  lateral  nucleus 
es  the  name  of  the  ventral  nucleus.  Its  lower  part  is  composed  of  the  central  nucleus  of 
and  the  naclens  arcuatus.  In  section  the  former  appears  aa  a  circular  mass  of  ^ray  matter, 
I  oomes  into  view  immediately  behmd  the  point  where  the  internal  medullary  lamina 
)ear&  It  would  seem  to  be  intimately  connected  with  fibres  which  reach  it  from  tlie  red 
IS  and  from  the  posterior  commissure.  These  fibres  pass  round  it  so  as  to  mark  it  off  from 
St  of  the  thalamus,  and  in  front  of  the  nucleus  many  of  them  enter  the  internal  medullary 
a.  The  naclens  arcuatus  is  a  small  semilunar  mass  of  gray  matter  placed  below  and  to  the 
side  of  the  central  nucleus  of  Luy& 

he  connexions  of  the  thalamus  are  of  an  extremely  intricate  kind.  It  would 
ir  to  be  a  ganglionic  mass  interposed  between  the  tegmental  corticipetal  tracts 
;he  cerebral  cortex.  In  its  hinder  part,  and  through  its  stratum  zonale,  it  also 
mportant  connexions  >vith  the  optic  tract.  The  corticipetal  tegmental  tracts, 
h  enter  it  from  below,  will  be  noticed  in  connexion  with  the  subthalamic 
n.  Suffice  it  to  say,  for  the  present,  that  these  fibres  end  in  the  midst  of  the 
imus  in  connexion  with  the  thalamic  cella  In  addition  to  these,  enormous 
bers  of  fibres,  arising  within  the  thalamus  as  the  axons  of  its  cells,  stream  out 
its  outer  and  under  surfaces  to  form  the  thalamic  radiation.  These  thalamo- 
cal  fibres  pass  to  every  part  of  the  cortex  ;  and  although  there  is  no  separation 
lem  into  distinct  groups  as  they  leave  the  thalamus,  it  is  customary  to  regard 
1  as  constituting  a  frontal  stalk,  a  parietal  stalk,  an  occipital  stalk,  and  a 
ral  stalk.  But  fibres  from  the  cortex,  cortico-thalamic  fibres,  likewise  stream 
the  thalamus  in  large  numbers,  and  end  in  fine  arborisations  around  its  cells, 
mble  connexion  with  the  cerebral  cortex  is  thus  established  by  the  thalamus. 

*he  frontal  stalk  of  the  tlialaniic  rafliation  emerges  from  the  anterior  part  of  the  lateral 
ce  of  tlie  thalamus  and  paasen  through  tlie  anterior  limb  of  tlie  internal  capsule,  to  reacli  the 
X  of  the  frontal  lobe.  Many  of  these  tihn^s  end  in  the  caudate  and  lenticular  nuclei,  }>etween 
h  they  proceed.  Tlie  parietal  stalk  isriue^  from  the  lateral  surface  of  the  thalamus,  and, 
ng  through  the  internal  capsule  (and  to  some  extent,  also,  through  the  lenticular  nucleus 
the  external  capsule),  gains  the  cortex  of  the  hinder  part  of  the  fronted  lohe  and  of  the 
;tal  lobe.  The  occipital  Stalk  emerges  fn)ni  the  outer  asj^ct  of  the  pulvinar  and  constitutes 
o-calle<l  optic  radiation.  Tht^se  fibres  sweep  outwards  and  l)ackwards  round  the  outer  side 
le  posterior  horn  of  the  lateral  ventricle  to  gain  the  cortex  of  the  occipital  lol>e.  The 
Sral  stalk  streams  out  from  the  under  aspect  of  the  anterior  i)art  of  the  thalamus,  in  front 
le  Etubthalamic  tegmental  region  and  the  corpus  mamniillare.  Its  fibres  ariw^  in  )x)th  the 
al  and  lateral  nuclei,  and  sweep  downwards  and  outwaifls  to  reach  the  region  Ixilow  the 
icular  nucleus.  One  very  distinct  band  which  lies  doi-s«il  to  the  other  fibres  (ansa  hmticu- 
')  enters  the  lenticular  nucleus,  whilst  the  ivniainder  (ansa  ])(iduncularis)  continue  in  an 
vard  direction  below  the  lenticular  nucleus  and  gain  the  cortex  of  the  t^-mponil  lobe  and  of 
in»ula  or  island  of  Reil. 

Flechsig  divides  the  thalanio-cortiail  fibres  of  ordinary  sensation  into  three  sensory  systems. 
*  he  lias  been  able  to  distinguish  by  studying  the  onler  in  which  they  assume  their  sheaths 
ivelin  in  the  fcctus  and  infant. 

rerrier  and  Turner,  by  the  degenerative  luethcKl  of  investigation,  corroborate  Flechsig's 
Ita.    They  contirm  the  oliservation  of  FJechsi/^'  that,  while  thalamic  fibres  are  di^tnWXjoA  \/^i 
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the  several  regions  of  the  cerebral  cortex  to  an  almost  equal  extent,  there  is  one  diBtrict, 
frontal  pole,  to  which  the  supply  is  scanty.     Another  very  important  result  has  been  c 

by  these  authors.    They  have  esti 

^o^^ s^^  the  fact  that  many  of  the  thalam: 

cross  the  mesial  plane  in  the  cot] 
losum,  and  thus  gain  the  cortex 
opposite  cerebral  hemisphere.  H& 
crossed  callosal  tract  thus  receiv 
formation. 

Intiniate  Stracture  of  the 
Gtoniculatmn  Eztenram.  —  S 
through  the  external  geniculat 
reveal  the  fact  that  it  is  cemp 
a  series  of  alternately  placed  gi 
white  curved  laminae.  This  g 
a  ver)"  characteristic  appearana 
white  laminae  are  composed  oi 
which  enter  the  body  from  th 
tract  and  the  optic  radiation 
connexions  of  the  geniculate 
will  be  studied  with  the 
tract. 

SubthalajnicTegmentall 
— The  tegmental  part  of  the  or 
bri  is  prolonged  upwards  and  ( 
a  position  below  the  hinder  pai 
thalamu&  The  red  nocletis  ii 
spicuous  object  in  sections  thro 
lower  part  of  this  region  (Fig.  4 
presents  the  same  appearance  i 
down  in  the  meaencephalc 
gradually  diminishing,  it  dif 
before  the  level  of  the  corpu 
millare  is  reached.  Carried  up  around  it  are  the  same  longitudinal  tracts  ( 
which  have  been  studied  in  relation  to  it  in  the  tegmental  part  of  the  mesena 
Certain  of  these  fibres,  placed  in  immediate  relation  to  the  red  nucleus, 
coating  or  capsule  for  it.  This  coating  is  partly  derived  from  those  fibre 
superior  cerebellar  peduncle  which  pass  directly  up  into  the  thalamus  a 
partly  from  fibres  which  issue  from  the  nucleus  itself.  The  mesial  ill] 
which  in  the  upper  part  of  the  mesencephalon  is  observed  to  take  up  a  pos 
the  lateral  and  dorsal  aspect  of  the  red  nucleus,  maintains  a  similar  positioi 
subthalamic  region.  When  the  red  nucleus  comes  to  an  end  these  varioi 
are  continued  onwards  and  form,  in  the  position  previously  occupied  by  the : 
a  very  evident  and  dense  mass  of  fibres.  The  fibres  of  the  mesial  fillet, 
superior  cerebellar  peduncle,  and  of  the  red  nucleus  are  prolonged  upwards  ] 
ventral  part  of  the  thalamus,  where  they  end  in  connexion  with  the  thalam 
The  substantia  nigra  is  likewise  carried  into  the  subthalamic  region,  > 
maintains  its  original  position  on  the  dorsal  aspect  of  the  crusta  of  the  crus 
As  it  is  traced  upwards,  it  is  seen  to  gradually  diminish  in  amount.  It 
from  within  outwards,  and  finally  disappears  when  the  hinder  part  of  the 
mammillare  is  reached. 

In  coronal  sections  through  the  subthalamic  region,  the  most  conspicuou 
which  comes  into  view  is  the  corpus  subthalamicum  or  the  nucleus  of  Lays  (F 
It  is  a  small  mass  of  gray  matter,  shaped  like  a  biconvex  lens,  which  makes  its 
ance  on  the  dorsal  aspect  of  the  crusta  of  the  crus  cerebri  immediately  to  tl 
side  of  the  substantia  nigra.  At  first  it  lies  in  an  angle,  which  is  formed 
meeting  of  the  crusta  and  the  internal  capsule ;  but,  rapidly  enlarging  in  an 
direction,  it  takes  the  place  of  the  diminishing  substantia  nigra  on  the 
surface  of  the  crusta  at  the  level  of  the  lower  part  of  the  corpus  mammillar 
corpus  subthalamicum  is  rendered  all  the  more  evident  by  the  fact  th 
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Fig.  439. — Scubma.     Founded  on  the  observations  of 
Flecbsig,  and  Ferrier  and  Turner. 
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y  defined  by  a  thin  capsule  of  white  fibres.     On  its  mesial  aspect  these  fibres 

sd  inwards  and  form  a  very  evident  decussation  across  the  middle  line  in  the 
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mi,  it  occupies  the  depression  on  the  dorsal  aspect  of  the  mesencephalon, 
1  intervenes  Ijetween  the  two  superior  quadrigeminal  bodies.  Its  base,  which 
rected  upwards,  is  attached  by  a  hollow  stalk  or  peduncle.  This  stalk  is 
ated  into  a  dorsal  and  a  ventral  part  by  the  prolongation  backwards  into  it 
small  pointed  recess  of  the  cavity  of  the  third  ventricle.  The  dorsal  part  of 
italk  curves  outwards  and  forwards,  and  on  each  optic  thalamus  becomes 
nuous  with  the  tienia  thalami  and  the  subjacent  stria  medullaris;  the 
.-al  part  is  folded  round  a  narrow  but  conspicuous  cord-like  band  of  white 
er,  which  crosses  the  mesial  plane  immediately  above  the  base  of  the  pineal  boiiy 
eceives  the  name  of  the  posterior  commissure  of  the  cerebrum  (Fig.  438,  p.  54.S). 

le  pineal  IkxIv  is  not  conijMX'HHl  of  nervous  elenientj*.  The  only  nerves  in  it^  midt*t  are  tlie 
itlietic  filanients  which  enter  it,  with  its  blo^Kl-vessels.  It  is  comi)ose(l  of  splierical  and 
jiT  follicles,  tilled  with  epithelial  cells,  and  containing  a  variable  amount  of  gritty,  calcareoius 
I-. 

le  pineal  Inxly  is  a  rudimentary  structure,  but  in  certain  vertebrates  it  attains  a  much 
r  degree  of  development  tlian  in  man.  In  the  lizanl,  blind-worm,  etc.,  it  is  pivsent  in  the 
of  the  so-called  pineal  eye.  In  structure  it  resembles,  in  these  nnimals,  an  invertebrate  eye, 
t  pos.ses8e8  a  long  stalk,  in  which  nerve-tibivs  are  develojied.  Further,  it  is  carried  through 
enure  in  the  cranial  wall,  and  consequently  lies  close  to  the  surface  on  the  doi-sum  of  tiie 
l^tween  the  parietal  bones. 

higonum  Habenulse. — The  wnall,  triangular,  depressed  area  which  receives  this 
e  is  placed  immediately  in  front  of  the  supi^rior  quadrigeminal  body  in  the 
•val  between  the  peduncle  of  the.  pineal  btnly  and  the  binder  end  of  the  thalamus 
.  438,  p.  543).  It  marks  the  ])(>sition  of  an  important  collection  of  nerve-cells, 
:h  constitute  the  ganglion  habenulae.  The  axons  of  these  cells  are  collected  on 
ventral  aspect  of  the  gan<;lion  into  a  bundle,  called  the  fasciculus  retroflexus, 
)h  takes  a  curved  course  downwards  and  forwards  in  the  tegmentum  of  the 
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mesencephalon.  The  fasciculus  retroflexus  lies  close  to  the  inner  side  of 
red  nucleus,  and  finally  comes  to  an  end  in  a  group  of  cells  termed  the  m 
interpedunculare,  situated  in  the  lower  part  of  the  locus  perforatus  poet 
(see  p.  539). 

The  ganglion  habenulee  is  likewise  intimately  connected  with  the  stria  mei 
laris  and  the  dorsal  part  of  the  stalk  of  the  pineal  body. 

As  previously  stated,  the  stria  medullaris — a  very  evident  band  of  il 
matter — lies  on  the  optic  thalamus,  subjacent  to  the  ependymal  ridge  termed 
taenia  thalami.  When  traced  backwards,  many  of  the  fibres  of  the  stria  meduD 
are  observed  to  end  amongst  the  cells  of  the  ganglion  habenulae,  whilst  othen 
continued  past  the  ganglion  to  enter  the  peduncle  of  the  pineal  body,  and,  thro 
it,  to  reach  the  ganglion  habenulae  of  the  opposite  side,  in  connexion  with  tiie  < 
of  which  they  terminate.  The  stria  medullaris,  therefore,  ends  partly  in 
ganglion  habenulae  of  its  own  side  and  partly  in  the  corresponding  ganglion  of 
opposite  side.  The  decussation  of  fibres  across  the  middle  line  forms  the  d( 
part  of  the  pineal  stalk  or  peduncle,  and  is  frequently  termed  the  commli 
habeniilaram. 

When  the  stria  medullaris  is  traced  in  the  opposite  direction,  it  is  notice 
split  into  a  dorsal  and  ventral  part  near  the  anterior  pillar  of  the  fornix. 
dorsal  part  turns  abruptly  upwards,  and,  joining  the  fornix,  is  carried  in  it  U 
hippocampus  major  or  comu  ammonis  from  cells  in  w^hich  its  fibres  take  oi 
The  ventral  part  turns  downwards  and  appears  to  spring  from  a  collection  of 
in  the  gray  matter  on  the  base  of  the  brain  close  to  the  optic  chiasma.  The 
medullaris  is  believed  to  form  a  part  of  the  olfactory  apparatus. 

Commissura  Posterior. — The  posterior  commissure  is  a  slender  band  of  y 
matter,  which  crosses  the  middle  line  under  cover  of  the  stalk  of  the  pineal 
and  overlies  the  entrance  of  the  aqueduct  of  Sylvius  into  the  third  ventricle. 
fibres  which  enter  into  the  formation  of  the  jwsterior  commissure  are  believ 
arise  in  a  special  nucleus,  which  is  placed  in  the  central  gray  matter  immedi 
above  the  oculo- motor  nucleus.  They  decussate  with  each  other  across  the  i 
plane  and  thus  the  commissure  is  formed.  The  other  connexions  of  this 
band  are  not  satisfactorily  established,  but  Held  believes  that  some  of  its  v( 
fibres  pass  downwards  into  the  posterior  longitudinal  bundle. 

Locus  Perforatus  Posticus  (substantia  perforata  posterior). — This  has  al 
been  described  on  p.  475.     Some  delicate  bands  of  white  matter,  termed  the 
pontis,  may  frequently  be  seen  emerging  from  the  gray  matter  of  this  r^on; 
then  curve  round  the  crura  cerebri  in  close  relation  to  the  upper  border  o 
pons,  into  which  they  ultimately  sink  (Fig.  390,  p.  484). 

Corpora  Mammillaria. — The  corpora  mammillaria  are  two  round  white  b 
each  about  the  size  of  a  pea,  which  lie  side  by  side  in  the  interpeduncular  spa 
the  base  of  the  brain,  immediately  in  front  of  the  locus  perforatus  posticus. 

Each  corpus  mammillare  is  coated  on  the  outside  by  white  matter  de 
irom  the  anterior  pillar  of  the  fornix,  and  contains,  in  its  interior,  a  composite 
nucleus  with  numerous  nerve-cells.  Several  important  strands  of  fibres  are 
nee  ted  with  the  corpus  mammillare :  (1)  The  anterior  pillar  of  the  fornix  c 
downwards  in  the  lateral  wall  of  the  third  ventricle  to  reach  the  corpus  manuni 
and  its  fibres  end  amidst  the  cells  of  that  body.  (2)  A  bundle  of  fibres,  ( 
the  bundle  of  Vicq  d'Azsrr,  which  at  first  sight  appears  to  be  continuous  wit 
anterior  pillar  of  the  fornix,  takes  origin  in  its  midst  and  extends  upward) 
the  optic  thalamus,  to  end  in  fine  arborisations  around  the  large  cells  in  the  an 
thalamic  nucleus.  (3)  Another  bundle  of  fibres,  the  pedunculus  corporis  mammi 
takes  form  within  the  corpus  mammillare  and  extends  downwards  in  the 
matter  of  the  floor  of  the  third  ventricle,  to  reach  the  tegmentum  of  the  n: 
cephalon.     The  ultimate  destination  of  these  fibres  is  doubtful 

Tuber  Cinereum  and  Infundibulum. — The  tuber  cinereum  is  a  small,  sli 
prominent  field  of  gray  matter,  which  occupies  the  anterior  part  of  the 
peduncular  space  between  the  corpora  mammillaria  behind  and  the  optic  ch 
in  front.     From  its  fore-part  the  inftmdibulum,  or  stalk  of  the  pituitary 
projects  downwards  and  connects  that  body  with  the  base  of  the  brain.     ] 
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the  infundibulum  is  hollow,  a  small,  funnel-shaped  diverticulum  of  the 
he  third  ventricle  being  prolonged  downwards  into  it. 
iry  Body  (hypophysis). 
a  small  oval  structure, 
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Fig.  441.— Mesial  Sbction  through  the  Pituitary  Region 
IN  A  Child  of  Twelve  Months  old. 

In  this  section,  as  weU  as  in  the  section  figured  in  Fig.  442,  the 
infundibulum  has  the  appearance  of  being  attached  to  the 
anterior  lobe.  This  is  due  to  the  way  in  which  the  larger 
anterior  lobe  grows  backwards  so  as  to  embrace  the  smaller 
posterior  lobe.  The  latter  is,  as  it  were,  accommodated  in  a 
hollow  in  the  hinder  aspect  of  the  anterior  lobe. 
...  «   -         ^ ,  From  a  photograph  by  Professor  Symington. 

of   Its   origm   from   the  i'      »  f     /  j      » 

brain- tube.     It  is  chiefly  composed  of  connective  tissue  and  blood-vessels,  with 
jlls  scattered  throughout  it. 

erior  lobe  has  quite  a  different  origin,  and  may  be  regarded  as  the  functional 
part  of  the  pituitary  body.  It  is  de- 
rived from  a  tubular  diverticulum, 
which  grows  upwards  from  the  primi- 
tive buccal  cavity  or  stomodseum.  Its 
connexion  with  the  latter  (canalis 
cranio-pharyngeus)  is  in  the  course  of 
time  cut  off,  and  the  diverticulum  be- 
comes encased  within  the  cranial  cavity 
in  intimate  association  with  the  cerebral 
portion  of  the  organ.  Structurally,  it 
consists  of  tubules  or  alveoli,  lined  by 
epithelial  cells  and  surrounded  by 
capillary  vessels.  Its  structure  is  in 
some  respects  not  unlike  that  of  the 
parathyroid  bodies.  In  giants,  and  in 
cases  of  acromegaly,  the  pituitary  body 
is  usually  greatly  enlarged. 
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Lamina  Cinerea. — This  is  a 
thiu,  delicate  lamina  which  may  be 
seen  on  the  basal  aspect  of  the 
brain,  stretching  from  the  upper 
aspect  of  the  optic  chiasma  in  an 
upward  direction  to  Ijecome  con- 
with    the   rostrum   of  the 


enoidal  Ainus 


«iAL  Section  throlwjh  thk  Piti  itauy  Recjion  xiected 

IN  THR  Adult.  n 

cori)US  callosuni. 

)r  Commissure  of  the  Cerebrum. — In  the  antc^rior  part  of  the  cleft, 

e  two  optic  thalami  and  immediately  in  front  of  the  anterior  pillars  of 

a  round  bundle  of  fibres  crosses  the  mesial  plane.     This  is  the  anterior 

f.     It  is  much  larger  than  the  posterior  commissure. 
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Third  Ventricle  (ventriculus  tertius).  —  This  is  the  narrow  deft  vlj 
separates  the  two  optic  thalami.  Its  depth  rapidly  increases  firom  behind  1 
wards,  and  it  may  be  said  to  extend  from  the  pineal  body  behind  to  the  bil 
cinerea  in  front.  Its  floor  is  formed  by  the  structures  already  studied  wifl 
the  area  of  the  interpeduncular  space  on  the  base  of  the  brain,  viz.  the  tii 
cinereum,  the  corpora  mammillaria,  the  gray  matter  of  the  locus  perforatus  poetie 
and  also  to  some  extent  behind  this  by  the  tegmenta  of  the  crura  cerebri.  It 
interesting  to  note  that  the  central  gray  matter  which  surrounds  the  SyW 
aqueduct  is  directly  continuous  with  the  gray  matter  of  the  locus  perforatus  pa 
cus  and  tuber  cinereum,  and  in  this  way  it  comes  to  the  surface  in  the  base  of  t 
brain.  The  optic  chiasma  crosses  the  floor  in  front  and  marks  the  place  where 
latter  becomes  continuous  with  the  anterior  wall  of  the  cavity.  The  front  irad 
the  third  ventricle  is  formed  by  the  lamina  cinerea,  which  extends  upwards  ft 
the  optic  chiasma.  The  anterior  commissure,  as  it  crosses  from  one  side  to  the  oti 
projects  into  the  ventricle,  but  of  course  it  is  excluded  from  the  cavity  by 
ventricular  epithelial  lining.  It  may  be  taken  as  indicating  the  place  where 
roof  joins  the  anterior  walL  The  roof  of  the  third  ventricle  is  formed  by  a  t 
epithelial  layer,  continuous  with  the  thin  epitheUal  lining  of  the  cavity,  wl 
stretches  across  the  mesial  plane  from  one  taenia  thalami  to  the  other.  App 
to  the  upper  surface  of  the  epithelial  roof  is  the  fold  of  pia  mater,  termed  the  ve 
interpositum,  and  the  roof  is  invaginated  into  the  cavity  along  its  whole  lengtl 
two  delicate  choroid  plexuses,  which  hang  down  from  the  under  surface  of 
fold.  When  the  velum  interpositum  is  removed  the  thin  epithelial  roof  is  1 
away  with  it,  leaving  only  the  lines  of  attachment  in  the  shape  of  the  ts 
thalami. 

The  lateral  wall  of  the  third  ventricle  is  formed  for  the  greater  part  of 
extent  by  the  inner  surface  of  the  optic  thalamus,  covered  by  a  thick  laye 
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F^o.  443.— Mesial  Section  through  the  Coupds  Callosum,  Diencephalon,  btc. 
Shows  the  third  and  fourth  ventricles  connected  by  the  aqueduct  of  Sylvius. 

central  gray  matter  continuous  with  the  Sylvian  gray  matter  of  the  mesencephs 
A  little  in  front  of  the  middle  of  the  ventricle  the  cavity  is  crossed  by  the  mi 
or  soft  commissure,  which  connects  the  thalami  with  each  other,  and  in  front  of 
the  anterior  pillar  of  the  fornix  is  seen  curving  downwards  and  backwards  in 
lateral  wall.  At  first  the  bulging  which  it  forms  is  distinctly  prominent,  bi 
gradually  subsides  as  the  strand,  on  its  way  to  end  in  the  corpus  ro^^™il 
becomes  more  and  more  sunk  in  the  gray  matter  on  the  side  of  the  veatricla 
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The  third  ventricle  communicates  with  both  of  the  lateral  ventricles,  and  also 
^tti  the  fourth  ventricle.  The  aquednct  of  Sylvius,  the  narrow  channel  which 
oXU^els  the  mesencephalon,  brings  it  into  communication  with  the  fourth  ventricle. 
gbe  opening  of  this  aqueduct  is  placed  at  the  posterior  part  of  the  floor  of  the  third 
fCOitricle,  immediately  below  the  posterior  connnissure.      The  foramina  of  Monro 
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Fio.  444.— Phofilk  View  ov  a  Cast  op  thb  Ventkicles  ok  the  Bkain  (from  Rotzius). 

R.SP.  Recessiu  suprapinealis.  A.S.  Aqueduct  of  Sylvius. 

R.P.    ReceMns  piuealis.  P.M.  Foramen  of  Monro. 

bring  it  into  communication  with  the  lateral  ventricles.  These  apertures  are 
plac^  at  the  upper  and  fore  parts  of  the  lateral  walls,  and  lead  outwards  and 
slightly  upwards  between  the  most  prominent  parts  of  tke  anterior  pillars  of  the 
fornix  and  the  anterior  tulx^rcles  of  the  optic  tlialami.  They  are  just  large  enough 
to  admit  a  crow-quill,  and  through  these  passages  tlie  epithelial  lining  of  the  three 
ventricles  becomes  continuous.  From  the  foramen  of  Monro  a  distinct  groove  on 
the  lateral  wall  of  the  ventricle  leads  backwards  towards  tlie  mouth  of  the  Sylvian 
aqueduct.  It  is  termed  the  sulcus  of  Monro,  and  is  of  interest,  inasmucli  as  it  is 
considered  by  His  to  represent  in  the  adult  brain  the  furrow  which  divides  the 
lateral  wall  of  the  embryonic  brain-tube  into  an  alar  and  a  basal  lamina. 

The  outline  of  the  third  ventricle,  when  viewed  from  the  side  in  a  mesial  section 
through  the  brain,  or  as  it  is  exhibited  in  a  plaster  cast  of  the  ventricular  system  of  the 
braiw,  is  seen  to  be  very  irregular  (Fig  444).  It  presents  several  diverticula  or  recesses. 
Thu^s  in  the  fore-part  of  the  floor  there  ia  a  funnel-shaped  pit  or  recess,  loading  down 
tlirouph  the  tuber  cinereum  into  the  infundibuhmi  of  the  pituitary  lx)dy.  Another  recess, 
the  rereMwt  optkns^  leads  forwards  immediately  in  front  of  this,  al)ove  the  optic  ehiasma. 
Posteriorly  two  diverticula  are  jiresent.  One,  the  recesHus  pinealis,  passes  backwaixis 
alMve  the  posterior  commissure  and  the  mouth  of  the  Sylvian  a<iue<iuct  for  a  short 
distance  into  the  stalk  of  the  pineal  b(xly.  The  second  is  ])laced  abf)ve  this  and  is  carried 
backwards  for  a  greater  distance.  It  is  a  diverticulum  of  the  epithelial  roof,  and,  there- 
fore, is  difficult  to  demonstrate.     It  is  t^jrmed  the  recfAsus  sujtrajtiiwdia. 


Cerebral  Connexions  of  thk  Oitic  Tract. 

One  nerve,  the  optic  nerve  or  the  nerve  of  sight,  is  connected  with  this  section 
of  the  brain.  At  the  optic  ehiasma  the  0])tic  nerves  of  the  two  side*^  are  joined 
together  and  a  partial  decussation  of  iibres  takes  place.  The  fibres  which  arise  in 
the  mesial  half  of  each  retina  cross  the  mesial  plane  and  join  the  optic  tract  of  the 
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opposite  side.  The  optic  tract  proceeds  backwards  round  the  cms  oerebri, 
the  neighbourhood  of  the  corpora  geniculata  divides  into  two  roots,  viz,  a 
and  a  mesial  (p.  532). 

Mesial  Boot  of  the  Optio  Tract — Conunissure  of  Gudden. — The  m» 
of  the  optic  tract  disappears  under  cover  of  the  corpus  geniculatum  intemun 
large  proportion  of  its  fibres  arise  or  end  in  this  nuclear  body.  As  to  thecoiu 
of  the  other  fibres,  we  possess  at  present  no  precise  information.  The 
root,  although  it  is  composed  of  fibres  which  run  in  the  optic  tract,  has  abe 
nothing  to  do  with  the  optic  nerve.  These  fibres,  when  traced  forwards,  cr 
mesial  plane  in  the  posterior  angle  of  the  optic  chiasma  and  are  carried  bac 
in  the  opposite  optic  tract,  to  form  on  that  side  its  mesial  root.  The  fibres 
fore,  are  commissural,  and  constitute  a  bond  of  union,  called  the  comiiiii 
Ondden,  between  the  internal  geniculate  bodies. 

Lateral  Boot  of  the  Optio  Tract. — The  lateral  or  true  visual  root 
optic  tract  is  composed  of  fibres  which  come — (1)  from  the  lateral  half  of  the 
of  its  own  side ;  and  (2)  from  the  mesial  half  of  the  retina  of  the  opposite  si 
which  have  crossed  the  mesial  plane  in  the  optic  chiasma.  But  in  addition 
afferent  retinal  fibres  there  are  a  certain  number  of  efferent  fibres  in  th 
tract,  fibres  which  take  their  origin  in  the  brain  and  end  in  the  retina.  Tl 
distinguished  from  the  afferent  retinal  fibres  by  their  exceeding  fineness. 

The  fibres  of  the  lateral  root  of  the  optic  tract  end  in  the  superior  quadrij 
body,  in  the  external  geniculate  body,  and  in  the  pulvinar  of  the  optic  th 
The  fibres  to  the  superior  qnadrigeminal  body  reach  it  through  the  superior  bi 

(p.  435),  and  for  the  most  part  spi 
on  its  surface  in  the  stratum  zonal 
they  sink  into  its  substance,  to 
terminal  arborisations  around  its  ce 
corpus  geniculatum  extemom  recei 
largest  contribution  of  fibres  fr 
lateral  root  of  the  optic  tract.  Th« 
sink  into  its  interior  and  partly  sp: 
over  its  surface.  The  former  en 
the  construction  of  the  curved 
of  white  matter  which  traverse  this 
mass,  and  to  a  large  extent  end 
gray  matter  which  intervenes 
these  lamellae.  The  deep  fibres  wl 
not  exhausted  in  this  way  proceed  • 
through  the  external  geniculate  b 
enter  the  pulvinar.  Of  the  superfici 
which  spread  over  the  surface  of  the 
geniculate  body  some  dip  into  its  si 
and  end  there,  but  the  majority  ar< 
over  it  and  enter  the  stratum  z 
the  pulvinar.  The  fibres  of  the 
root  of  the  optic  tract,  which  en( 
pulvinar,  therefore  reach  their  def 
by  passing  either  over  or  throi 
external  geniculate  body. 

Cortical   Connexions   of   th* 

Nerve. — The  superior  quadrigemii 

the  external  geniculate  body,  and 

vinar  constitute  the  lower  visual 

terminal   nuclei   of    the    visv 


Fio.  445. — Diagram   of  the  Central  Connex- 
ions OF  THE  Optic  Nerve  and  Optic  Tract. 


or 


of    the   optic    tract.     The    highe 

centre    is  placed    in   the   cortex 

occipital  lobe  of  the  cerebral  hemisphere,  and  the  connexions  between  l 

the  lower  centres  are  established  by  a  large  strand  of  fibres  which  rum 

central  white  matter  of  the  hinder  part  of  the  cerebral  hemisphere,  an* 
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38  the  oiiUc  radiation.  The  optic  radiation  is  composed  both  of  corticipetal 
dfugal  fibres.  The  former  arise  as  the  axons  of  the  cells  in  the  external 
e  body  and  the  pulvinar,  around  which  the  retinal  fibres  end,  and  they 
5  in  the  cortex  of  the  occipital  lobe.  The  corticifugal  fibres  take  origin 
'rtex  of  the  occipital  lobe  and  end  in  the  pulvinar  and  superior  quadri- 
body  (Ferrier  and  Turner).  Thus  constituted,  the  optic  radiation  forms 
uous  strand  (Figs.  462,  p.  576 ;  465,  p.  579 ;  473,  p.  592),  which,  reaching 
lenticular  part  of  the  internal  capsule,  sweeps  backwards  into  the  occipital 
he  cerebral  hemisphere  on  the  outer  side  of  the  posterior  horn  of  the 
mtricle.     Its  connexions  will  be  studied  more  fully  at  a  later  stage. 

g  does  not  believe  that  the  pulvinar  is  an  internode  interposed  in  the  path  of  the  optic 
proceeds  towards  the  visual  area  of  the  cerebral  cortex.  He  states  that  he  has  not 
to  convince  himself  that  any  fibres  of  the  optic  tract  end  in  the  optic  thalamus. 
Gonnezioiis  of  the  Lower  Group  of  Visual  Gentre& — (1)  The  nuclei  of  the  nerves 
ply  the  muscles  which  move  the  eyeball  would  appear  to  stand  in  intimate  connexion 
ower  group  of  visual  centres.  Most  probably  tnis  connexion  is  established  through 
or  longitudinal  bundle.  As  previously  stated,  Held  believes  that  axons  of  certain  of 
f  the  superior  quadrigeminal  body  enter  this  tract  (2)  Through  the  mesial  fillet,  the 
uadrigeminal  body  is  connected  with  the  medulla  and  cord. 

THE   PARTS   DERIVED   FROM   THE  TELENCEPHALON. 

Cerebral  Hemispheres. 

^rebral  hemispheres  form  the  largest  part  of  the  fully-developed  brain. 
ewed  from  above  they  form  an  ovoid  mass,  the  broadest  end  of  which  is 
backwards,  and  the  longest  transverse  diameter  of  which  will  be  found  in 
lity  of  the  parts  which  lie  subjacent  to  the  parietal  eminences  of  the 
The  massive  rounded  character  of  the  anterior  or  frontal  end  of  each 
hemisphere  constitutes  a  leading  human  characteristic ;  but  the  hinder  or 
end  is  narrow  and  pointed,  and  is  directed  somewhat  downwards.  The 
bral  hemispheres  are  separated  from  each  other  by  a  deep  mesial  cleft, 
he  great  longitudinal  fissure. 

t  LongitucUnal  Fissure  (fissura  longitudinalis  cerebri). — In  front  and 
he  great  longitudinal  fissure  passes  from  the  dorsal  to  the  ventral  aspect  of 
)ral  hemispheres,  so  as  to  separate  them  completely  from  each  other.  In 
lie  part,  however,  the  fissure  is  interrupted  and  floored  by  the  corpus 
,  a  white  commissural  band,  which  passes  between  the  hemispheres  and 
them  together.  The  upper  surface  of  the  corpus  callosum  can  be 
1  by  gently  drawing  asunder  the  contiguous  mesial  surfaces  of  the 
hemispheres.  The  great  longitudinal  fissure  is  occupied  by  a  mesial 
lura  mater,  termed  the  falx  cerebri,  which  partially  subdivides  the  part 
anial  cavity  allotted  to  the  cerebrum  into  a  right  and  left  chamber. 
mal  Ck>nfi£^ation  of  each  Cerebral  Hemisphere. — Each  cerebral  hemi- 
►resents  an  external,  an  internal,  and  an  interior  surface.  The  external 
s  convex  and  is  adapted  accurately  to  the  deep  surface  of  the  cranial 
The  internal  or  mesial  surface  is  flat  and  perpendicular,  and  bounds  the 
gitudinal  fissure.  In  great  part  it  is  in  contact  with  the  falx  cerebri ;  and 
at  partition  is  deficient,  it  is  applied  to  the  corresponding  portion  of  the 
surface  of  the  opposite  hemisphere.  The  inferior  surface  is  irregular  and 
d  to  the  anterior  and  middle  cranial  fossai  of  tlie  cranial  floor  and,  tehind 
the  upper  surface  of  the  tentorium  cerebelli.  Traversing  this  surface  in  a 
?e  direction,  nearer  the  anterior  end  of  the  hemisphere  than  the  posterior 
le  stem  of  the  Sylvian  fissure.  This  deep  cleft  divides  the  inferior  surface 
interior  or  orbital  area,  which  rests  on  the  orbital  plate  of  the  frontal  bone, 
insequently  concave  from  side  to  side,  and  a  more  extensive  posterior  or 
area,  which  lies  on  the  floor  of  the  lateral  part  of  the  middle  cranial  fossa 
n  the  upper  surface  of  the  timtorium  cerebelli.  This  surface  is  arched 
ore  backwards,  and  looks  inwards  as  well  as  downwards.  In  its  hinder 
Is  it  lies  above  the  cereljellum,  from  which  it  is  separated  by  the  tentorium 
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The  borders  which  intervene  between  these  surfaces  are-  the  sapeio-meot 
superciliary,  the  infero-lateral,  and  the  internal  occipital  The  gupero-§ 
border,  convex  from  before  backwards,  intervenes  between  the  convex  ezt 
surface  and  the  flat  internal  surface  of  the  hemisphere.  The  superciiiary  Im 
liighly  arched  and  separates  the  orbital  surface  from  the  external  suiftoe. 
infero-lateral  border  marks  oflf  the  tentorial  surface  from  the  external  surface. 
internal  occipital  border  can  only  be  seen  in  cases  where  the  brain  has  been  han 
in  situ  and  faithfully  retains  the  natural  form.  It  extends  from  the  post^Eioi 
of  the  hemisphere  towards  the  hinder  extremity  of  the  corpus  callosum,  and  i 
venes  l^etween  the  mesial  and  tentorial  surfaces.  It  is  the  border  which  liesi 
the  straight  blood  sinus,  and  it  therefore  occupies  the  angle  which  is  formed  b 
attachment  of  the  posterior  part  of  the  falx  cerebri  to  the  upper  surface  o 
tentorium  cerebelli. 

The  most  projecting  part  of  the  anterior  end  of  the  cerebral  hemisphere  is  < 
the  frontal  pole,  whilst  the  most  projecting  part  of  the  hinder  end  is  terme 
occipital  pole.  On  the  imder  surface  of  the  hemisphere  the  prominent  poi 
cerebral  substance  which  extends  forwards  below  the  Sylvian  fissure  receive 
name  of  the  temporal  pole.  In  a  well-hardened  brain  a  broad  groove  is  m 
present  on  the  inner  and  lower  aspect  of  the  occipital  pole  of  the  right  hemis] 
This  corresponds  to  the  commencement  of  the  right  lateral  venous  sinus.  . 
distinct  groove  on  the  occipital  pole  of  the  left  hemisphere  frequently  indicate 
commencement  of  the  left  lateral  sinus.  On  the  tentorial  surface,  a  short  dif 
behind  the  temporal  pole,  a  well-marked  depression  is  always  visible.  This 
sponds  to  the  elevation  on  the  anterior  surface  of  the  petrous  portion  c 
temporal  bone  over  the  superior  semicircular  canal. 

Cerebral  Oyri  and  Sulci. — The  surface  of  the  cerebral  hemispheres  is  rei 
highly  irregular  by  the  presence  of  convolutions  or  gyri,  separate  from  each 
by  intervening  furrows  of  very  varying  depth,  termed  sulci  or  fissures.  The  8 
pattern  which  is  presented  by  these  gyri  and  sulci  is,  in  its  general  featun 
same  'in  all  normal  human  brains ;  but  when  the  comparison  is  pushed  into 
many  differences  become  manifest,  not  only  in  the  brains  of  different  indivi 
but  also  in  the  two  cerebral  hemispheres  of  the  same  individual. 

There  are  two  varieties  of  furrows,  viz.  complete  and  incomplete.  The  ca 
fissures  are  few  in  number,  and  are  formed  by  inwardly -directed  info 
involving  the  entire  thickness  of  the  cerebral  wall  They  consequently 
in  the  interior  of  the  cerebral  cavity  or  lateral  ventricle  in  the  form  of  in 
elevations  on  its  walL  The  complete  fissures  are  the  following :  (1)  the  denl 
hippocampal  fissure;  (2)  the  anterior  part  of  the  calcarine  fissure;  and 
portion  of  the  collateral  fissure.  The  incomplete  fissures  are  merely  surface  fi 
of  varying  depth,  which  do  not  produce  any  effect  on  the  inner  surface  < 
ventricular  wall. 

(General  Structure  of  the  Cerebral  Hemispheres. — Each  cerebral  hernia 
is  composed  of  an  outside  coating  of  gray  matter,  spread  in  a  continuous  an 
interrupted  layer  over  its  surface,  and  an  internal  mass  of  white  matter,  which 
a  considerable  part  of  the  immediate  wall  of  the  ventricular  cavity.  Th( 
coating  is  termed  the  cerebral  cortex,  and  the  internal  white  matter  is  calle 
medullary  centre.  Each  convolution  shows  a  corresponding  structure.  On 
verse  section  it  is  seen  to  present  an  external  covering  of  gray  cortex,  support 
a  central  core  of  white  matter. 

But,  in  addition  to  the  gray  matter  on  the  outside,  there  are  certain 
deposits  of  gray  matter  embedded  in  the  basal  part  of  each  cerebral  hemis 
These  cerebral  nuclei  constitute  the  corpus  striatum,  and,  although  to  some  i 
isolated  from  the  gray  matter  on  the  surface,  it  can  be  easily  shown  that  at  o 
points  they  are  directly  continuous  with  it. 

By  means  of  the  convolutions  and  sulci,  the  gray  matter  on  the  surface  < 
hemisphere  is  enormously  increased  in  quantity  w^ithout  unduly  adding  to  th< 
of  the  organ  ;  and,  further,  the  vascular  pia  mater,  which  dips  into  every  fiss 
increased  in  extent  to  a  like  degree.  Opportunity  is,  therefore,  afforded  1 
cortical  vessels  of  breaking  up  into  twigs  of  exceeding  fineness  before  they  ent 
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Fitance  of  the  hemisphere.     The  distribution  of  blood  to  the  gray  cortex  is,  in 
\  way,  equalised  and  rendered  uniform. 
Oerebral  Lobes  and  Interlobar  Fissures. — Certain  of  the  fissures  which 
— *^"ie  the  surface  of  the  cerebrum  are  more  or  less  arbitrarily  chosen  for  sub- 
ig  the  surface  into  districts  or  areas,  which  are  termed  lobes.     These  fissures 
termed  interlolmr,  and  are  the  following :  (1)  the  fissure  of  Sylvius ;  (2)  the 
of  Bolando;  (3)  the  parieto-occipital ;  (4)  the  calloso-marginal ;  (5)  the 
fcteral ;  and  (6)  the  limiting  sulcus  of  Eeil. 
I     The  lobes  which  are  mapped  out  by  these  fissures  are :  (1)  the  frontal ;  (2)  the 

retal ;  (3)  the  occipital ;  (4)  the  temporal ;  (5)  the  insula,  or  the  island  of  Eeil ; 
the  Umbia  To  these  may  be  added  a  seventh  lobe,  in  no  way  related  to  the 
b^feerlobar  fissures,  viz.  the  olfactory  lobe.  With  the  exception  of  the  occipital  and 
liactory  lobes  and  the  insula,  this  subdivision  of  the  hemisphere  possesses  little 
morphological  value,  and  is  chiefly  adopted  for  topographical  purposes. 

Fiaanre  of  Sylvius  (fissura  cerebri  lateraUs). — This  is  the  most  conspicuous 


Fig.  446. — Gyri  and  Sulci,  on  the  outer  surface  of  the  cerebral  hemiHphere. 


r.       Sulcus  frontalis  superior, 
f .       Sulcus  frontalis  inferior, 
r.u).    Sulcus  frontalis  medius. 
p.  01.  Sulcus  paraiuedialis. 
A.      Pars  bat^ilaris. 

Pars  triangularis. 

Pars  orbital  is. 

Sylvian  fissure. 

Anterior  horizontal  limb  (Sylvian  fissure). 

Ascending  limb  (Sylvian  fissure). 

Posterior  horizontal  limb  (Sylvian  fissure). 
s-tsc  Ascending  terminal  part  of  the  posterior  hori- 
zontal limb  of  the  Sylvian  fissure. 
p.c.i.  Inferior  prsecentrul  sulcus, 
p.c.s.  Superior  pnecentral  sulcus. 


B. 
C. 

S. 
•». 
»*. 


r.  Fissure  of  Rolando. 

g.s.  Superior  genu. 

g.i.  Inferior  genu. 

d.  Sulcus  diagonalis. 

t'.  Superior  temi>oral  sulcus  (parallel  sulcus). 

1-.  Inferior  temporal  sulcus. 

p^  Inferior  postcentral  sulcus. 

p'"'.  Superior  ]>ostcentral  sulcus. 

jv*.  Ramus  horizontalis. 

J)*.  Jiamus  occipitalis. 

s.o.t.  Sulcus  occijutalis  transversus. 

occ.  lat.  Sulcus  occij>it:ili8  lateralis  (the  sulcus  lunatus 

of  Elliot  Smith), 

cm.  Calloso-marginal  sulcus, 

c.t.i.  Inferior  transverse  furrow. 


fissure  on  the  surface  of  the  cerebral  hemisphere.  It  is  composed  of  a  short  main 
stem,  from  the  outer  extremity  of  which  three  branches  or  limbs  radiate.  The 
stem  of  the  Sylvian  fissure  is  placed  on  the  inferior  surface  of  the  hemisphere.  It 
begins  at  the  locus  perforatus  auticus  in  a  depression  termed  the  vallecula  Sylvii. 
From  this  it  passes  horizontally  outwards,  forming  a  deep  cleft  between  the 
temporal  pole  and  the  orbital  surface  of  the  frontal  lobe.  Appearing  on  the 
outer  surface  of  the  hemisphere  at  a  point  called  the  Sylvian  point,  the  Sylvian 
fissure  immediately  divides  into  three  radiating  branches.     These  are:   (1)  the 
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ramus  horizontalis  posterior;  (2)  the  ramus  horizontalis  anterior;  (3)  then 
anterior  ascendens. 

The  posterior  horizontal  limb  is  the  longest  and  best  marked  of  the  three  El 
It  extends  backwards,  with  a  slight  inclination  upwards  on  the  outer  surfistoeol 
hemisphere  for  a  distance  which  may  vary  from  about  two  to  three  inches, 
intervenes  between  the  frontal  and  parietal  lobes  which  lie  above  it  and 
temporal  lobe  which  lies  below  it,  and  it  finally  ends  in  the  region  subjacent  tc 
parietal  eminence  of  the  cranial  wall  by  turning  upwards  into  the  parietal  loh 
the  form  of  an  ascending  terminal  piece. 

The  anterior  horizontal  limb  extends  horizontally  forwards  in  the  frontal  lob 
a  distance  of  about  three-quarters  of  an  inch  immediately  above  and  parallel  tc 
posterior  part  of  the  superciliary  margin  of  the  hemisphere. 

The  ascending  limb  proceeds  upwards,  with  a  slight  inclination  forwards,  intt 
lower  part  of  the  outer  surface  of  the  frontal  lobe  for  a  distance  of  about  an  i 
In  many  cases  the  two  anterior  limbs  spring  from  a  common  stem  of  greatc 
less  length,  and  not  infrequently  both  are  replaced  by  a  single  anterior  limb. 

Limiting  Sulcus  of  Rail  (sulcus  circularis  Beilii). — If  the  lips  of  the  post 
horizontal  limb  of  the  Sylvian  fissure  be  widely  puUed  asunder  from  each  other 
insula  or  island  of  Reil  will  be  seen  at  the  bottom.  The  insular  district  ol 
cortex  is  completely  hidden  from  view  when  the  Sylvian  fissure  is  closed  by 
lapping  portions  of  the  cerebral  hemisphere,  and,  when  brought  into  view  w 
manner  indicated,  it  is  observed  to  present  a  triangular  outline  and  to  be  surrou 
by  a  limiting  sulcus,  of  which  three  parts  may  be  recognised,  viz. :  an  upper 
bounding  it  above  and  separating  it  from  the  parietal  and  frontal  lobes ;  a 
part,  marking  it  off  below  from  the  temporal  lobe ;  and  an  anterior  part,  sepai 
it  in  front  from  the  frontal  lobe. 

Opercula  Insulse. — The  overlapping  portions  of  the  cerebral  substance  \ 
cover  over  the  insula  are  termed  the  insular  opercula,  and  they  form,  by  the  a] 
tion  of  their  margins,  the  three  limbs  of  the  Sylvian  fissure.  The  opercula  an 
in  number  and  are  named :  (1)  temporal ;  (2)  fronto-parietal ;  (3)  frontal ;  ai 
orbitaL  The  limbs  of  the  Sylvian  fissure  cut  right  through  between  the  difl 
opercula  and  extend  from  the  exposed  surface  of  the  hemisphere  to  the  subm 
surface  of  the  insula,  and,  in  this  manner,  separate  the  opercula  from  each  otl 

The  temporal  operculum  extends  upwards  over  the  insula  from  the  temporal 
and  its  upper  margin  forms  the  lower  lip  of  the  posterior  horizontal  limb  ( 
Sylvian  fissure. 

The  fronto-parietal  operculum  is  carried  downwards  from  the  parietal  and  fi 
regions  over  the  insula,  and  its  lower  margin,  meeting  the  temporal  operc 
forms  the  upper  lip  of  the  posterior  limb  of  the  Sylvian  fissure. 

The  frontal  operculum  is  the  small  triangular  piece  of  cerebral  substance  y 
intervenes  between  the  ascending  and  anterior  horizontal  limbs  of  the  Sj 
fissure.  It  covers  over  a  small  part  of  the  anterior  portion  of  the  insula,  a 
sometimes  termed  the  pars  triangularis. 

The  orbital  operculum  is,  for  the  most  part,  on  the  under  surface  of  the  \ 
sphere.  It  lies  below  and  to  the  inner  side  of  the  anterior  horizontal  limb  c 
Sylvian  fissure,  and  proceeds  backwards  from  the  orbital  aspect  of  the  fronta 
over  the  fore-part  of  the  insula. 

Development  of  the  Sylvian  Fissure  and  of  the  Insular  District  of  the  Oerebral  \ 
sphere. — It  is  only  during  the  latter  half  of  the  intrauterine  })eriod  of  development  tb 
opercula  take  shape  and  grow  over  the  insula,  so  as  to  shut  it  out  from  the  surface.  In  it 
condition  the  insula  j)re8ents  the  form  of  a  depre^ed  are^  on  the  side  of  the  cerebral  hemif 
surrounded  by  a  distinct  boundary  wall  formed  by  the  surrounding  more  elevated  surface 
hemisphere  (Fig.  447,  A).  After  a  time  this  depresstni  area,  which  is  called  the  Sylvian 
assumes  a  triangular  outline,  and  then  the  bounding  wall  is  observed  to  be  composed  of 
distinct  parts,  viz. :  an  upi)er  or  fronto-parietal,  a  lower  or  temporal,  and  an  anterior  or 
part  (Fig.  447,  B).  The  rounded  angle,  formed  by  the  meeting  of  the  upper  and  anterior  p 
of  the  lx)undary,  now  becomes  flattened,  and  a  short  oblique  j)ai't  of  the  limiting  wall,  term 
frontal  portion,  assumes  shape  in  this  position.  Each  of  these  four  portions  of  the  boi 
wall  of  the  Sylvian  fossa  becomes  a  line  of  growth,  from  which  an  operculum  takes  origi 
by  the  approximation  of  these  opercula,  as  they  grow  over  the  surface  of  the  Sylvian  foei 
insula  becomes  closed  in  and  the  limbs  of  the  Sylvian  fissure  are  formed  (Fig.  448). 


INSULAE  OPEECULA. 
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^^J*"*P^ral  and  fronto-parietal  opercula  make  their  apjiearance  somewhere  alx)ut  the  end 
e  ^fj^n  month  of  foetal  development,  long  Wfore  the  other  two  oj)ercula  show  any  indication 
iwih.  The  temporal  operculum  grows  more  rapidly  than  the  fronto-parietal ;  so  that,  when 
aarj^os  of  these  two  opercula  come  together  to  form  the  i)osterior  limb  of  the  Sylvian  fissure, 
J  IS  a  greater  extent  of  the  Sylvian  fossa  covered  by  the  temporal  oi)erculum  than  by  the  fronto- 
!tal  opt^rculura.  This  accounts  for  the  more  oblique  direction  of  the  Sylvian  fissure  in  the  fojtal 
L  But  at  this  stage  a  growth -antagonism  between  the  two  opercula  takes  place,  and  in  this 
fronto-parietal 
culuui  proves  the 
)r.      The  contigu- 

lipe*  of  the  two 
cula  become,  in  the 
instance,  tightly 
«fd  together,  anci 
i, as  the  upper  oper- 
am  proves  the  'i 
D^r  and  the  more  ji 
•ions  in  its  growth,    f^^ 

posterior  limb  of    ■  ^^^ 
Sylvian  fissure  be-         ^ 
es    gradually    de-        '^* 
0ed  until  it  assumes 

inclination  char- 
ristic  of  the  adult 
rould  appear  that 
opercular  growth - 
igonism  which  pro- 
»  thid  effect  in  the 
lan  brain  does  not 
r  to  the  same  ex- 
,  if  indeed  it  occurs 
],inthea]K\  This 
ident  from  the  ob- 


Fio.  447. — Three  Stages  in  the  Development  op  the  Insula  and  the 
Insula K  Opercula. 

A,  Right  cerebral  hemisphere  from  a  fii^tus  in  the  latter  part  of  the  fourth  month 
of  develoj)meut ;  B,  Riglit  cerebral  hemisphere  from  a  foetus  in  the  tifth 
mouth  of  development ;  G,  Right  cerebral  hemisphere  from  a  foetus  in  the 
latter  part  of  the  eiglith  month  of  development. 

In  C  the  temporal  operculum  has  been  removed,  and  thus  a  large  part  of  the 
insula  Is  exposed.  The  outline  of  the  tem])oral  operculum  is  indicated  by  a 
dotted  line. 

F.P.  Fi-on to-parietal  operculum.     F,  Frontal  operculum.     0,  Orbital  operculum. 


e  direction  of  the  j>osterior  limb  of  the  Sylvian  fissure  in  the  simian  brain.  The  grciiter 
rth-energj'  of  the  fnmto- parietal  operculum  in  the  human  brain  is  not  confinwi  to  the 
d  stage  of  development,  but  is  carried  into  the  earlier  stages  of  infantile  growth,  and  it  is 
)able  that  it  is  due  to  an  extension  of  that  district  of  the  cortex  in  wnich  the  centres 
the  skilled  movements  of  the  upper  limbs  reside,  and  also  to  an  extension  of  Flechsig's 
.eto-occipital  association  area. 

The  orbital  and  frontal  opercula  are  late  in  aj[:)])earinff  and  very  tardy  in  their  growth, 
eed,  it  is  only  during  the  course  of  the  first  year  ot  infantile  life  that  they  come  into  apposition 


M.  44S. — Diagram  to  Illustrate  the  Development  ok  the  Opercula  which  cover  the  Insula. 

.Sylvian  fossa  Injfore  opercula  l>exin  to  form  :  H,  Fronto-i>arietal  and  t^'inporal  opercula  well  advanced  ; 
(.',  All  the  four  opercula  (leveloj>ed  but  not  in  api)ositi()n. 

Fronto-parietal  operculum.      O.R.  Orbital  wall  of  fossa.        n.'^.   Anterior  horizontal  limb  of  Sylvian  fissure. 
Temporal  operculum.  F.      Frontal  operculum.  s^.   Ascen<linp  limb. 

.  Frontal  wall  of  fossa.  O.      Orbital  operculum.  h*.    Posterior  horizontal  limb. 

h  each  other  and  with  the  other  two  opercula,  so  as  U)  c1o>l'  in  tlie  fon'-part  of  the  Sylvian  fossa 
form  the  anterior  limbs  of  tlie  Sylvian  fisi*ure.  They  do  not  begin  to  take  shape  until  more 
D  half  of  the  Sylvian  fossa  has  already  been  closed  by  tlie  frouto-i»arietal  and  the  temi>oral 
rcuU.  The  orbit^il  operculum  ai)pears  first  and  is  iiuicli  more  constant  in  its  growth  than 
frr»ntal  opt^rculuni,  which  indt-eii  frequently  fails  altogetluT,  and,  even  when  present,  shows 
greatest  amount  of  variability  in  the  degree  to  whi<*b  it  is  developrd. 

Variations  in  the  degree  of  develrmnicnt  of  tlie  fi-ontal  oi>erculum  influence  greatly  the  form 
sented  by  the  two  anterior  limits  ot  tlu-  Sylvian  fissun-,  iM-twi-en  which  it  lies.  When  strongly 
eloped,  it  s<fparates  the  two  Sylvian  limbs  from  each  other  to  such  an  extA^^nt  tliat  they  assume 
appearance  of  the  lette-r  IJ  ;  wlien  tlie  frontal  u]H*rculum  is  le.ss  strongly  niarkefi,  the  anterior 
vian  limbs  may  assume  a  V  form  or  a  Y  fornh  In  the  latter  case,  the  orbital  and  the  fronto- 
ietal  opercula  meet  below  the  frontal  operculum  to  form  tlie  stem  of  the  Y.     In  those  cases 
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CCHIVOlutJOTI 


where  the  frontal  operculum  is  absent  altogether,  a  single  anterior  limb  of  the  Sjlrian : 
the  result 

The  late  appearance,  the  slow  growth,  the  variability  of  these  two  opercula,  and 
tendency  to  abortive  growth  or  complete  suppression  of  the  frontal  operculum,  all  begj 
fact  that,  from  a  phylogenetic  point  of  view,  tiie  frontal  and  orbital  opercula  are,  comjpi 
speaking,  recent  productions  in  the  evolution  of  the  human  brain.  In  the  anthropoia  i 
are  absent,  and,  consequently,  the  fore-part  of  the  island  of  Reil  is  exposed  on  the  surfac 
simian  brain.  The  same  condition  is  not  at  all  an  uncommon  occurrence  in  the  brail 
microcephalic  idiot 

Fissure  of  Rolando  (sulcus  centralis). — 'The  fissure  of  Kolando  takes  an « 
course  across  the  outer  convex  surface  of  the  cerebral  hemisphere,  and  intei 
between  the  frontal  and  parietal  lobes  it  forms  the  immediate  posterior  bo 
of  the  motor  area  of  the  cortex.  Its  upper  end  cuts  the  supero-mesial  bo 
the  hemisphere  a  short  distance  behind  the  mid-point  between  the  fronl 
occipital  poles,  whilst  its  lower  end  terminates  above  the  middle  of  the  p 
horizontal  limb  of  the  fissure  of  Sylvius.     Its  superior  extremity,  as  a  rule 

round  the  supero-mesial  border 
hemisphere,  and  is  then  continued 
wards  lor  a  short  distance  on  the 
surface.  Although,  in  its  general 
tion,  the  fissure  is  oblique,  it  is  \ 
from  being  straight.  It  takes  a  \ 
course  across  the   hemisphere.    ' 

_iut*riwkmB  largely  due  to  the  area  of  cortex 

represents  the  motor  centre  for  tl 
and  which  lies  in  front  of  the 
growing  backwards  in  the  course 
development  so  as  to  produce  a 
the  fissure  within  which  this  poi 
the  cortex  is  accommodated.  Th< 
in  the  fissure  which  indicate  the 
and  lower  limits  of  the  arm  centre 
baura  and  Sherrington)  are 
respectively  the  superior  and 
genua.  The  angle  which  the 
direction  of  the  fissure  of  Koland< 
with  the  mesial  plane  is  tern 
Bolandic  angle.  In  the  adult  bi 
average  Eolandic  angle  is  Tl""  7',  and  the  limits  of  variation  would  appear  t( 
and  74\ 

When  the  fissure  of  Rolando  is  widely  opened  up,  so  that  its  lx)ttom  and  its  opposed  s 
be  fully  inspected,  it  will  be  seen  that,  between  the  two  genua,  the  two  bounding  convoli 
dovetailed  into  each  other  by  a  number  of  interlocking  gyri,  which  do  not  appear  on  tl 
(Fig.  449).  Further,  two  of  these,  placed  on  opposite  siaes  of  the  fissure,  are  frequent 
across  the  bottom  of  the  sulcus  in  the  form  of^  a  sunken  bridge  of  connexion,  which  a 
what  is  termed  a  deep  annectant  ffyrus.  The  continuity  of  the  fissure  is  thus,  to  som* 
interrupted.  This  condition  is  rendered  interesting  when  considered  in  connexion  ' 
development  of  the  sulcus.  The  deep  interlocking  gyri  indicate  a  great  exuberance  ol 
growth  in  this  situation  in  the  early  stages  of  the  develoi)inent  of  the  fissure  ;  and  the  pi 
the  deep  annectant  gyrus  is  explained  by  the  fact  that  the  fissure  of  Rolando  generally  de 
two  pieces,  which  run  into  each  other  to  form  the  continuous  sulcus  of  the  adult,  viz.  a 
responding  to  the  lower  two-thirds,  and  an  upper  part,  which  represents  the  upper  t 
which  appears  at  a  slightly  later  date.  In  certain  very  rare  cases  the  fissure  of  Rolanuo  is 
remain  double  throughout  life,  through  a  failure  of  its  two  pieces  to  unite.  In  such  cases 
annectant  gyriLs,  which  is  frequently  seen  at  the  bottom  of  the  furrow,  remains  on  th 
Heschl,  who  examined  2174  cerebral  hemispheres,  only  found  this  anomaly  six  times  ;  El 
met  with  it  twice  in  200  brains. 

Parieto-occipital  Fissure. — A  small  part  of  this  fissure  appears  on  tl 
face  of  the  cerebral  hemisphere.     For  the  most  part  it  is  situated  on  the 
surface.     It  is  customary,  therefore,  to  describe  an  external  parieto-occipi 
an  internal  parieto-occipital  fissure.     It  must  be  clearly  understood,  howe^ 
they  are  directly  continuous  with  each  other  round  the  supero-mesial  borde 


Via.  449.— FissuKE  OK  Rolando  fully  opened  up, 
so  as  to  exhibit  tlie  interlocking  gyri  aud  deep 
annectant  g>'ru8  within  it. 


PABIETO-OCCIPITAL  AND  COLLATEEAL  FISSURES. 
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re.     The  parieto- occipital  fissure  intervenes  between  the  parietal  and 
lobe& 

sxtanuJ  parieto-occipital  flssnre  cuts  the  supero-mesial  border  of  the  hemi- 
I  a  transverse  direction  at  a 
>f  from  one  and  a  half  to  two 
L  front  of  the  occipital  pole, 
i  rule,  not  more  than  about  a 
inch  long,  and  it  is  brought 
apt  termination  by  an  arching 
LCD,  which  winds  round  its 
y  and  receives  the  name  of 
ieto-ocdiiitalis. 

ntenuQ  parieto-occipital  fissure 
d  downwards  on  the  inner 
f  the  hemisphere  in  a  nearly 
iirection  as  a  conspicuous  and 
*t.  A  short  distance  behind 
or  end  of  the  corpus  callosum 
r  extremity  runs  into  the 
fissure. 


Fio.  450.— Lei-t  Ckkebral  HEMiSPHEKE,  from  a  foetus  in 
the  early  part  of  the  seventh  month  of  development. 

p.c.s.  Sulcus  praecentralis  superior. 
Sulcus  pneceutralis  inferior. 
Lower  part  of  Roland  ic  fissure. 
Upper  part  of  liolandic  fissure. 
Inferior  postcentral  sulcus  \ 
Ramus  horizontalis  >- Intra  parietal  fissure. 

Ramus  occipitalis  j 

External  |)erpendicular  fissure  of  BischofT. 
Parallel  sulcus. 
Sylvian  fossa. 
Fronto-parietal  wall. 
Frontal  wall. 
Orbital  wall. 


]).C1. 

r^ 
r-. 

p«. 

P^. 

e.p. 

t^ 

S. 

F.P. 

F. 

0. 


xieto-occipital  fiBSiire  ia  developed, 
after  the  manner  of  a  complete 
Q  the  fcetal  brain  it  forms  a  very 
ifolding  of  the  cerebral  wall.  In 
brain,  however,  it  does  not  form 
ence  on  the  inner  wall  of  the 
because  it  does  not  extend  down- 
iT  as  the  cavity.  The  wall  of  the 
during  the  growth  of  the  liemi- 
.  thickened  to  such  an  extent  that  the  part  corresponding  to  the  fii>.sure  has  become  solid. 

teral  Fissure  (fissura  collateralis). — The  collateral  sulcus  is  a  8trongly- 

fissure  on  the  tentorial  face  of  the  cerebral  heuiisphere.     It  begins  near 

ital  pole  and  extends  forwards  towards  the  temporal  pole.     In  its  posterior 

placed  below,  and  parallel  to,  the  calcariue  fissure,  whilst  in  front  it  is 


.  451.— The  Gybi  and  Sltlci  on  thk  iMe-sial  Aspect  of  the  Cehebkal  llEMisrHEUK. 
r.  Fissure  of  Rolando,     r.o.  Kostral  sulcus,     ij.  Incisura  temporalis. 

1  from  the  hippocampal  or  dentate  fissure  by  the  liij)p()C*aiupal  gyrus,  which 
Qermost  convolution  on  the  tentorial  surface  of  the  hemisphere, 
ont  of  the  anterior  extremity  of  tlie  collateral  fissure  a  shallow  sulcus  turns 
e  anterior  end  of  the  tem])oral  lol)e,  so  as  to  intervene  lK3tweeu  the  temporal 
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pole  and  the  uncinate  or  hook-like  extremity  of  the  hippocampal  conY 
This  is  the  incisura  temporalis,  or  ecto-rhinal  fissure.  The  collateral  fissure  i 
incisura  temporahs  intervene  between  the  limbic  and  temporal  lobes. 

Tlie  collateral  fissure  is  developed,  as  a  rule,  in  three  portions — a  hinder  or  oedpili 
intermediate,  and  an  anterior  or  temporal  part.     These  ultimately  run  into  each  other  oil 
the  continuous  fissure.     The  middle  part  is  usually  a  complete  fissure  and  respondUe  H 
production  of  the  eminentia  collateralis  posterior  in  the  floor  of  the  trigonum  of  the  1 
ventricle  ;  the  temporal  part  is  sometimes  a  comjjlete  fissure,  forming  when  it  iB  so  the  i 
collateralis  anterior;  the  occipital  part  is  always  incomplete. 

Galloso-marginal  Fissure. — This  fissure  is  a  strongly-marked  sulcus  oi  | 
fore-part  of  the  mesial  surface  of  the  hemisphere.     It  divides  the  front  i 
the  mesial  surface  into  an  upper  marginal  and  a  lower  callosal  convolution,^ 
intervenes  between  the  frontal  and  limbic  lobes.     Beginning  below  the  fo3 
the  corpus  callosum,  close  to  the  locus  perforatus  anticus,  the  calloso-n 
fissure  curves  round  in  front  of  the  genu  of  the  corpus  callosum,  and  then  esii 
backwards  to  a  point  a  short  distance  behind  the  middle  of  the  mesial  surfaoe. 
then  turns  upwards  and  cuts  the  supero-mesial  border  of  the  hemisphere,  i 
lately  behind  the  upper  end  of  the  fissure  of  Rolando.     The  relation  presenteij 
the  two  extremities  of  these  fissures  is  such  that  they  can  both  be  readily  ] 
either  when  examined  on  the  outer  or  mesial  aspect  of  the  cerebrum. 

The  calloso-mai^inal  sulcus  is  developed  in  two  or  three  senarate  pieces,  which,  l_  , 
proceeds,  run  into  each  other  and  form  the  continuous  fissure.     Tne  numerous  casee  of  ir  ^ 
arrangement  met  with  in  connexion  with  this  fissui-e  can  generally  be  explained  by  this  nd 
rupted  mode  of  development. 

Frontal  Lobe. — The  trontal  lobe  is  the  largest  of  the  cerebral  lobes.  On  I 
outer  surface  of  the  hemisphere,  it  is  bounded  behind  by  the  fissure  of 
and  })elow  by  the  j)08terior  horizontal  limb  of  the  fissure  of  Sylvius.  On  the  ] 
face  it  is  limited  by  the  calloso-marginal  fissure,  whilst  on  the  inferior  surfiEUse  ( 
the  hemisphere  the  stem  of  the  Sylvian  fissure  forms  its  posterior  boundaif.  H 
presents  an  outer  surface,  a  mesial  surface,  and  an  inferior  or  orbital  surface. 

On  the  outer  surface  of  the  fronted  lohe  the  following  sulci  and  gyri  may  li 
recognised : — 


Sulci 


Sulcus  praicentralis  inferior. 
Sulcus  praicentralis  superior. 
Sulcus  paramedians. 
Sulcus  frontalis  superior. 
Sulcus  frontalis  medius. 
Sulcus  frontalis  inferior. 
Sulcus  diagonalis. 
V  Sulcus  fronto-marginalis. 


Gvri 


Gyrus  frontalis  ascendens  or  gyros 
centralis  anterior. 


Gyrus  frontalis  superior 
Gyrus  frontalis  medius 

Gyrus  frontalis  inferior 


/  pars  vawM 
^parsinienoc 
Iparssupenot 
\X)ars  imerkE 
fpsLTs  basilan 
J  pars  triangol- 
1  ari& 
Ipars  orbitalii 

The  inferior  prsecentral  sulcus  consists  of  a  vertical  and  a  horizontal  part,  aiu 
when  developed  in  a  typical  manner,  it  presents  a  figure  like  the  letter  T  or  F 
The  vertical  portion  lies  in  front  of  the  lower  part  of  the  fissure  of  Solando,  whib 
the  horizontal  part  extends  obliquely  forwards  and  upwaixls  into  the  middle  fronta 
convolution. 

The  superior  prsBcentral  sulcus  is  a  short  vertical  sulcus  which  lies  at  a  highe 
level  than  the  inferior  prtecentral  furrow,  in  front  of  the  upper  part  of  the  fiasui 
of  Rolando.  It  is  almost  invariably  connected  with  the  liinder  end  of  the  8uperi< 
frontal  sulcus. 

The  anterior  central  convolution  (ascending  frontal  gyrus)  is  a  long  continue 
gyrus,  which  is  limited  in  front  by  the  two  pra^central  furrows  and  behind  1 
the  fissure  of  Kolando.  It  extends  obliquely  across  the  hemisphere  from  t 
supero-mt'sial  margin  above  to  the  posterior  horizontal  limb  of  the  Sylvian  fisBU 
l)elow. 

Tlie  superior  firontal  sulcus  extends  forwards  in  a  more  or  less  horizontal  din 
tion  from  the  sulcus  pnecen trails  superior. 

The  gsrrus  firontalis  superior  is  the  narrow  convolution  between  the  supero-mesi 
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F  the  hemisphere  and  the  superior  frontal  sulcus.  It  takes  a  horizontal 
•  the  frontal  pole. 

inferior  firontal  sulcns  occupies  a  lower  level  than  the  superior  frontal  furrow. 
er  end  is  placed  in  the  angle  between  the  vertical  and  horizontal  parts  of 
rior  prsecentral  sulcus,  and  is  not  infrequently  confluent  with  one  or  other 
.  It  proceeds  forwards  towards  the  superciliary  margin  of  the  hemisphere 
8  a  short  distance  from  this  in  a  terminal  bifurcation. 
gyms  firontalis  medins  is  the  name  given  to  the  broad  convolution  which 
veen  the  superior  and  inferior  frontal  sulci. 

gyms  ftx>ntali8  inferior  is  that  portion  of  the  outer  surface  of  the  frontal 
Lch  is  placed  in  front  of  the  inferior  prsecentral  sulcus  and  below  the  inferior 
sulcus.  The  inferior  frontal  convolution  is  cut  into  three  pieces  by  two 
limbs  of  the  Sylvian  fissure.  These  are  termed  the  pars  basilaris,  the  pars 
iaris,  and  the  pars  orbitahs. 

pan  basilariB  is  that  part  which  lies  between  the  vertical  limb  of  the  inferior 
ral  sulcus  and  the  ascending  limb  of  the  Sylvian  fissure.  It  forms  the  anterior 
the  fron to-parietal  operculum,  and  it  is  traversed  in  an  oblique  direction  by 
w  but  constant  furrow,  termed  the  sulcus  diagonalis.  The  pars  triangularis  is 
etnother  name  for  the  frontal  operculum.  It  is  triangular  in  form,  and  lies 
L  the  anterior  ascending  and  the  anterior  horizontal  limbs  of  the  Sylvian 
The  pars  orbitalis  is  placed  below  the  anterior  horizontal  limb  of  the 
fissure. 

inferior  frontal  convolution  possesses  a  special  interest  on  account  of  the  localisation 
:,  on  the  left  side,  of  the  speecii  centre.  From  it,  also,  the  front  part  of  the  fronto-parietal 
K'hole  of  the  frontal  operculum  are  developed.  This  opercular  development  in  connexion 
inferior  frontal  gyrus  constitutes  a  leading  point  of  difference  between  the  brain  of  man 
of  the  ape.  Even  in  the  highest  ape  the  inferior  frontal  convolution  is  not  opercular, 
tal  operculum  is  not  present  and  the  anterior  part  of  the  insula  is  exposed  on  the  surface. 
'  the  excess  of  growth  which  determines  the  formation  of  the  frontal  operculum  in  man 
t  connexion  witn  the  development  of  the  speech  centre, 

salens  iMuramedialis  is  the  term  applied  to  a  series  of  short  irregular  depres- 
'  furrows,  arranged  longitudinally,  close  to  the  suporo-mesial  border  of  the 
here.  These  rudimentary  sulci  partially  subdivide  the  superior  frontal  con- 
1  into  an  upper  and  a  lower  part,  and  they  are  of  interest  in  so  far  that  they 

as  a  rule  developed  in  the  higher  apes,  and  are  deeper  and  better  marked  in 
her  than  the  lower  types  of  human  brain. 

sulcns  firontalis  medius  (Eberstaller)  proceeds  horizontally  forwards  in  the 
)  of  the  middle  frontal  convolution,  so  as  to  subdivide  it  into  an  upper  and  a 
art.  When  the  furrow  reaches  the  superciliary  margin  of  the  hemisphere 
cates,  and  its  terminal  branches  spread  out  widely  and  constitute  a  trans- 
irrow,  called  the  fr  onto -marginal  sulcus.  The  sulcus  frontalis  medius  is  only 
n  man  and  the  anthropoid  apes.  It  is  not  present  in  any  of  the  lower  apes, 
ng  to  the  subdivision  of  the  superior  and  middle  frontal  convolutions  in  the 
'  indicated,  the  typical  arrangement  of  the  convolutions  in  the  anterior  part 
outer  surface  of  the  frontal  lobe  is  in  five  horizontal  tiers,  and  not  in  three 
I  formerly  described. 

rule,  the  sulci  on  the  outer  surface  of  the  fnmtal  lol)e  during  the  process  of  devolopment 
in  the  following  order :  (1)  sulcus  prtecentralis  inferior ;  (2)  sulcus  frontalis  inferior  ; 
18  prsecen trails  superior  and  sulcus  frontalis  superior ;  (4)  sulcus  frontalis  mo<Uus ; 
8  paramedialis.  This  gives  some  indication  of  the  relative  morphological  importance  of 
ci,  although  it  should  l)e  borne  in  mind  that  the  perio<l  at  which  sulci  appear  on  the 
lin  cannot  in  every  case  be  taken  Jis  affording  an  infallible  guide  in  our  attempts  to 
>  them  their  relative  morphological  value. 

the  mesial  aspect  of  the  frontal  lohe  there  is  an  elongated  more  or  less 
lous  convolution,  called  the  gyrus  marginalis.  It  lies  between  the  supero- 
margin  of  the  hemisphere  and  the  calloso-raarginal  fissure.  In  the  fore-part 
gyrus  one  or  two  curved  sulci  are  usually  present.  They  are  termed  the 
^strales.  The  posterior  part  of  the  marginal  convolution  is  more  or  less 
tely  cut  off  from  the  portion  which  lies  in  front.  This  part  is  called  the 
40 
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paracentral  lobule,  and  into  it  the  upper  end  of  the  fissure  of  Bolando  is  pr 
cOs  it  turns  over  the  supero-mesial  border  of  the  hemisphere. 

On  the  orbital  aspect  of  the  frontal  lohe  there  are  two  sulci,  viz.  the  6 
and  the  orbital. 

The  olfauctory  sulcus  is  a  straight  furrow  which  runs  parallel  to  the  mesia 
of  the  hemisphere.  It  is  occupied  by  the  olfactory  tract  and  bulb,  and  it  ci 
narrow  strip  of  the  orbital  surface  close  to  the  mesial  border,  which  recei 
name  of  grsrus  rectus. 

The  orbital  sulcus  is  a  composite  furrow  which  assumes  many  different 
As  a  general  rule  it  presents  a  shape  similar  to  that  of  the  letter  H,  and 
composed  of  three  parts,  viz.  an  external  limb,  an  internal  limb,  and  a  tra 

limb.  The  external  limb 
orbitalis  extemus)  cur\'€ 
the  orbital  part  of  the 
frontal  convolution,  so 
limit  it  on  this  aspect 
brain.  The  internal  liml 
orbitalis  intern  us)  is  fre 
broken  up  into  two  pie 
marks  off  a  convolution  1 
itself  and  the  olfactorj 
called  the  gyms  orbit 
temus.  The  transven 
(sulcus  orbitalis  tran 
takes  a  curved  course 
the  internal  and  externa 
The  district  in  front  is 
the  gyrus  orbitalis  antei 
that  behind  the  gyms 
posterior.  The  latter, 
outer  part,  corresponds  y 
orbital  operculum. 

Parietal  Lobe. 
parietal  lobe  forms  a  c 
able  part  of  the  external 
of  the  cerebral  hemisph 
it  also  appears  on  th 
surface  in  the  form  of  1 
c uncus  or  the  quadrate 
In  front,  it  is  bounded 

Fig.  452. — Gyri  and  Sulci  on  the  tentorial  and  orbital  aspects    gggure  of  Kolando  whic 
of  the  cerebral  hemispheres.  ^^^    -^    ^^^^    the' front 

BdoWf  it  is  limited  in  its  fore-part  by  the  posterior  horizontal  limb  of  the  fi 
Sylvius.  Behind  the  upturned  end  of  this  fissure  the  surface  of  the  parie 
is  continuous  inferiorly  with  that  of  the  temporal  lobe,  and  an  arbitrary  lin< 
backwards  on  the  surface  of  the  brain,  in  continuation  of  the  horizontal  par 
posterior  limb  of  the  Sylvian  fissure,  is  taken  as  its  inferior  limit.  Postei 
is  separated  from  the  occipital  lobe  at  the  supero-mesial  border  of  the  hen 
by  the  external  parieto-occipital  fissure.  Below  this  fissure  the  surface 
parietal  lobe  is  continuous  with  that  of  the  occipital  lobe ;  and  an  arbitr 
drawn  across  the  outer  surface  of  the  hemisphere,  from  the  extremity  of  the  < 
parieto-occipital  fissure  to  an  indentation  on  the  infero-lateral  border  of  tl 
sphere,  termed  the  prseoccipital  notch,  may  be  regarded  as  furnishing  a  \ 
limitation. 


The  i)raiocoipital  notch  is,  as  a  rule,  only  visible  in  brains  that  have  been  hardened  in 
is  placea  on  the  infero-lateral  bonier  of  the  hemisphere,  alx)iit  an  incli  and  a  half  in  fro: 
occipital  pole,  and  is  produced  by  a  vertical  fold  or  wrinkle  of  the  dura  mater  on  the  de 
of  the  parieto-mastoia  suture,  and  immediately  above  the  highest  part  of  the  lateral  blo( 

There  is  great  variability  in  the  degree  to 'which  this  fold  of  dura  mater  ])rojectB  in 
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duala.  In  the  child  it  is  always  very  salient,  and  often  produces  a  deep  cleft  in  the  brain, 
i  the  full  size  of  the  cranium  is  gradually  attained  it  becomes  much  less  projecting.  In  the 
I  skull  two  or  three  such  folds  in  this  locality  are  frequently  apparent  Kelated  to  the  prae- 
tal  notch  there  are  likewise  some  cerebral  veins  which  turn  round  the  infero-lateral  margin 
»  hemisphere  to  join  the  lateral  blood-sinus. 

)n  the  mesial  surface  of  the  hemisphere  the  parietal  lobe  is  represented  by 
^nseimeiis  or  quadrate  lobule.  This  district,  which  is  somewhat  quadrilateral  in 
.,  lies  between  the  upturned  end  of  the  calloso-marginal  sulcus  and  the  internal 
^to-occipital  fissure.  It  is  imperfectly  separated  below  from  the  limbic  lobe  by 
newhat  variable  furrow  called  the  post-limbic  sulcus. 
Che  gyri  and  sulci,  on  the  outer  surface  of  the  parietal  lohe,  are  the  following : — 


Sulcus  postcentrahs 


inferior. 


01^ 


Gyri 


/'Gyrus    ascendens    parietalis    or    gyrus 

postcentralis. 
Gyrus  parietalis  superior. 

Gyrus  sui)ra- 
marginalia. 

Gyrus  parietalis  inferior  {    ^IrR  *'^^^ 


Sulcus  intrapari- 1  (3  i  *      i.    v 

etalis  (of  Tiir-)  ^^^<^^  postcentralis 
neri  I         superior. 

'■  I  Ramus  horizontalis. 

I  Ramus  occipitalis. 
Upturned  ends  of — 
(a)  Sylvian  fissure. 

(6)  Parallel  fissure.  ^  I  Gyrus     post- 

(c)  Second  tempo-  I     i)arietalis. 

ral  fissure. 

Ihe  intraparietal  sulcus  (of  Turner)  is  a  composite  furrow,  and  is  built  up 
>ur  originally  distinct  factors.  Two  of  these,  termed  the  sulcus  postcentralis 
rior  and  the  sulcus  postcentralis  superior,  take  a  more  or  less  oblique  course 
168  the  hemisphere,  and  are  most  frequently  united  into  one  continuous  fissure, 
i  other  two  factors  are  placed  horizontally,  one  behind  the  other,  and  are  termed 
ramus  horizontalis  and  the  ramus  occipitalis. 

The  sulcus  postcentralis  inferior  lies  behind  the  lower  part  of  the  fissure  of 
ftndo,  whilst  the  sulcus  postcentralis  superior  occupies  a  similar  position  in 
tion  to  the  upper  part  of  that  fissure.  When  confluent  they  form  a  long,  con- 
lous  fissure,  which  stretches  across  the  hemisphere  behind  the  fissure  of  Eolando 
paraUel  to  it. 

The  ramus  horizontalis  is  continuous,  as  a  rule,  with  the  upper  end  of  the  sulcus 
tcentralis  inferior,  and  extends  backwards,  with  a  slight  inclination  upwards 
wreen  the  superior  parietal  gyrus,  which  lies  above  it,  and  the  inferior  parietal 
us,  which  is  placed  below  it.  With  the  two  confluent  postcentral  sulci  it 
sents  a  figure  Uke  the  letter  H  placed  on  its  side. 

The  ramus  occipitalis  is  a  curved  sulcus  which  bounds  externally  the  arcus 
ieto-occipitaUs,  or,  in  other  words,  the  arching  convolution  which  surrounds  the 
eraal  parieto-occipital  fissure.  The  ramus  occipitalis  lies  behind  the  ramus 
izontalis,  and  is  generally  linked  on  to  it ;  less  frequently  it  is  separate.  The 
terior  end  of  the  ramus  occipitalis  enters  the  occipital  lobe,  and,  behind  the  arcus 
ieto-occipitaUs,  bifurcates  into  two  widely  spread-out  branches.  These  form  a 
rt  transverse  fissure  in  the  occipital  lobe,  termed  the  sulcus  occipitalis  transversus. 

In  the  human  brain  the  intraparietal  sulcus  is  usually  developed  in  four  separate  ])ieces, 
esponding  to  the  four  portions  of  the  fissure  which  have  been  descril^ed  as  being  ])resunt  in 
adult  brain.  The  sulcus  postcentralis  inferior  appears  fii-st  (soniewlierc  about  the  end  of  the 
h  month),  then  the  ramus  occipitalis  and  the  ramus  horizontalis  ;  la^t  of  all  the  sulcus  post- 
:ralis  superior  conies  into  view.  The  further  development  of  the  sulcus  consists  in  the 
aing  together  of  these  early  pieces.  This  takes  place  in  different  wavs,  and  not  infre<iuently 
)ii  fails  at  one  or  moi-e  points,  and  thus  a  great  variety  of  combinations  may  be  note<l 
Afferent  individuals ;  indeed,  it  may  )«  said  that  every  possible  kind  of  conibinaticm  may  be 
with.  The  most  common  form  which  the  fissure  a««unies,  however,  is  that  in  which  all  its 
ors  have  become  confluent  and  one  continuous  furrow  re^ulta.  When  such  an  intraparietal 
Dw  is  widely  opened  up,  certain  deep  annectant  gyri,  which  cross  the  bottom  of  the  sulcus, 
e  into  \'iew.  These  interrupt  the  sulcus  at  the  points  of  union  V>etween  its  several  pieces  and 
cate  its  original  multiple  formation. 

There  is  reason  to  believe  that  three  of  the  elements  of  the  human  intraparietal  sulcus,  viz. 
sulcus  postcentralis  inferior,  the  ramus  horizontalis,  and  the  ramus  occipitalis,  are  disruj)ted 
ions  01  the  primitive  single  continuous  llssure  which  is  seen  in  certain  of  the  lower  apes 
ms),  whilst  one,  the  sulcus  postcentralis  superior,  is  a  superadded  element 
Fhere  is  a  strong  analogy  oetween  t  he  i)ostcentral  sulcus,  the  fissure  of  Rolando,  and  the 
40  a 
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prsecentral  sulcus.  They  form  a  group  of  radial  sulci  on  the  outer  surface  of  the  foetal  oenh 
above  the  Sylvian  region.  The  nssure  of  Rolando  makes  its  appearance  first,  then  the  prwa 
sulcus,  and,  lastly,  the  postcentral  sulcus.  Each  assumes  shape  in  the  first  instance  in  two  || 
viz.  an  upper  and  lower.  The  two  pieces  of  the  fissure  of  Rolando  join  early,  and  only  iii 
rare  instances  remain  separate  ;  the  two  pieces  of  the  postcentral  furrow  usually  join,  bat  i 
per  cent  of  cerebral  hemispheres  they  remain  separate  ;  the  two  pieces  of  the  praeoentnl  fio 
as  a  rule,  remain  separate  and  distinct 

The  sulcus  transversus  occipitalis,  or  bifurcated  extremity  of  the  ramus  oocipitaliB,  hu 


Iifr[i  gyrus  ExUntiMA  pariflio-oadpitil ii 


Ascending  paricul  gyraF^ 


Fio.  458. — Tab  Intrapabietal  Sulcus  fully  opbnbd  up,  so  as  to  show  its  several  parts  and  tfa 
deep  annectant  gyri  intervening  between  them. 

p^  Sulcus  postcentralis  inferior.  p'.  Ramus  horizontalis. 

p'.  Sulcus  postcentralis  superior.  p^  Ramus  occipitalis. 

until  lately  generally  believed  to  be  the  representative  in  the  human  brain  of  the  conspj 
"  Affenspalte,"  in  the  cerebrum  of  the  ape.  The  accuracy  of  this  view  was  challenged  u 
{Cunningham  Memoir,  No.  vii.  Roy.  Irish  Acad.),  and  recently  Elliot  Smith  has  brought  fo 
evidence  of  a  very  convincing  kind  which  seems  to  show  that  in  the  human  brain  the  " . 
spalte''  is  represented  by  the  sulcus  occipitalis  lateralis  of  Eberstaller. 

The  intraparietal  sulcus  maps  out  three  districts  or  gyri  on  the  external  su 
of  the  parietal  lobe,  viz.  the  posterior  central  convolution,  the  superior  pa: 
gyrus,  and  the  inferior  parietal  gyrus. 

The  upturned  ends  of  the  fissure  of  Sylvius,  of  the  first  temporal  or  pa 
sulcus,  and  of  the  second  temporal  sulcus  ascend  for  a  short  distance,  one  be 
the  other,  into  the  inferior  parietal  gyrus. 

The  posterior  central  convolution  (ascending  parietal  convolution)  is  a  long  [ 
which  extends  obliquely  across  the  hemisphere  from  the  supero-mesial  border  s 
to  the  Sylvian  fissure  below.  It  is  bounded  in  front  by  the  fissure  of  Eolandc 
behind  by  the  superior  and  inferior  postcentral  sulci 

The  superior  parietal  gyros  is  the  area  of  cerebral  cortex  which  lies  betweei 
supero-mesial  border  of  the  hemisphere  above  and  the  ramus  horizontalis  below, 
front  it  is  bounded  by  the  superior  postcentral  sulcus,  whilst  behind  it  is  count 
with  the  occipital  lobe  by  the  arcus  parieto-occipitalis.  It  is  continuous  roun< 
supero-mesial  border  with  the  prsecuneus. 

The  inferior  parietal  gyros  lies  below  the  ramus  horizontalis  and  the  ramus 
pitalis  and  behind  the  inferior  praecentral  sulcus.  It  is  more  or  less  directly 
tinuous  with  the  occipital  lobe  behind  and  the  temporal  lobe  below.  From  I 
backwards  it  presents  three  arching  convolutions,  viz.  the  supra-marginal 
angular,  and  the  postparietal.  The  supramarginal  convolution  is  bent  roun< 
upturned  end  of  the  posterior  limb  of  the  Sylvian  fissure,  and  stands  in  conti 
behind  and  })elow  this,  with  the  first  temporal  gyrus.  The  angular  convol 
arches  over  the  upturned  end  of  the  parallel  sulcus  and  becomes  continuous 
the  second  temporal  convolution.  The  postparietal  convolution  winds  rounc 
upturned  end  of  the  second  temporal  sulcus  and  runs  into  the  third  temporal  { 

Occipital  Lobe. — The  occipital  lobe  forms  the  hinder  pyramidal  part  o 
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ibral  hemisphere ;  and  although  very  imperfectly  mapped  oft*  from  the  temporal 
.  parietal  lohes,  which  lie  in  front  of  it,  it  is  nevertheless  one  of  the  most  natural 
divisions  of  the  cerebral  hemisphere.  It  is  not  developed  in  the  brain  of  the 
udruped.  Man  and  the  ape  alone  possess  a  well-marked  occipital  lobe,  and  it 
f  be  defined  as  being  that  part  of  the  hemisphere  which  encloses  the  posterior 
n  of  the  lateral  ventricle.  Being  pyramidal  in  form,  it  presents  three  surfaces 
I  an  apex  or  occipital  pole.  On  the  mesial  aspect  of  the  hemisphere  it  is 
arated  from  the  parietal  lobe  (i.e.  the  precuneus)  by  the  internal  parieto-occi- 
al  fissure.  On  the  tentorial  or  inferior  surface  it  is  not  marked  off  in  any  way 
m  the  temporal  lobe  and  the  limbic  lobe,  which  lie  in  front  of  it.  It  is  necessary, 
>refore,  on  this  aspect  to  employ  an  arbitrary  line  of  demarcation ;  one  which 
lends  from  the  preoccipital  notch  on  the  infero-lateral  border  of  the  hemisphere 
the  isthmus  of  the  limbic  lobe  (i.e.  the  narrow  part  of  the  limbic  lobe  immedi- 
ly  below  the  hinder  end  of  the  corpus  callosum)  will  serve  the  purpose.  On  the 
temal  surface  the  external  parieto-occipital  fissure,  and  an  arbitrary  line  from 
s  to  the  prsBoccipital  notch,  may  be  regarded  as  separating  the  occipital  from  the 
rietal  and  temporal  lobes.  The  upturned  end  of  tlie  second  temporal  sulcus  may 
in  the  course  of  this  line. 

On  the  medial  aspect  of  the  occipital  lobe  we  find:  (1)  the  calcarine  fissure, 
)  the  cuneus,  and  (3)  the  gyrus  lingualis. 

The  calcarine  fissure  begins  on  the  occipital  pole  by  a  bifurcated  extremity, 
lich  lies  in  the  groove  which  is  formed  on  this  part  of  the  brain  by  the  lateral 
lus.  From  this  it  pursues  a  slightly  arched  course  forwards,  and  ends  by  cutting 
to  the  limbic  lobe  immediately  below  the  spleuium  or  thickened  hinder  margin  of 
e  corpus  caUosum.  The  calcarine  fissure  is  joined  by  the  internal  parieto-occipital 
sure  at  a  point  somewhat  nearer  its  anterior  than  its  posterior  extremity. 
)gether,  the  two  fissures  present  a  -<-8haped  figure.  Between  the  two  limbs  of 
e  Y  is  placed  the  cuneus. 


If  the  calcarine  and  internal  parieto-occipital  fissures  are  opened  up  so  as  to  expose  the 
ittom  in  each  case,  three  well-marked  deep  or  submerged  annectant  gyri  will  usually  be  dis- 
ayed.   One  of  these,  the  best  marked,  called  the  gyrus  cunei,  marks  off  the  |)arieto-occipital  from 
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FiG.  454.— ISTEKNAL  Parieto-oc'cipitai.  and  thk  Caiaahink  Fissurks  fi:llv  opened  ur,  80  oa  to  show  the 
deep  aiinectnnt  gyri  marking  otT  the  HevtTal  elements  of  the  -<-8liai>ed  systciii. 

^e  calcarine  fissure  and  joins  the  ouncus  with  the  limbic  lobe.  In  the  chimpanzee  and  in  the 
Wrapes  the  gyrus  cunei  is  on  tlie  surface,  and  there  is  no  communication  between  the  two 
figures;  in  the  orang,  gibbon,  and  microcephalic  idiot,  it  may  either  be  ftubmer^vtci  oi  oi\.  Wia 
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surface.  The  second  deep  annectant  gyrus,  termed  the  anterior  cnneo-lingnal,  crosMS  the  I 
of  the  calcarine  fissure  a  short  distance  behind  the  point  where  it  is  joined  by  the  parkin 
pital  fissure,  and  divides  it  into  an  anterior  and  a  posterior  part  The  anterior  calcanae  ii 
slightly  longer  and  much  deeper  than  the  posterior  part  It  includes  the  whole  of  the  il 
the  Y-shapSi  fissural  arrangement  and  extends  backwards  for  a  short  distance  into  the  c 
It  is  the  complete  part  of  the  fissure  and  gives  rise  to  an  elevation  on  the  inner  wall 
posterior  horn  of  the  lateral  ventricle,  to  which  the  name  of  calcar  avis  or  hippocampus  m 
given.  The  posterior  calcarine  flssore  is  shallower  and  is  usually  interruptea  by  the  thii 
annectant  gyrus,  viz.  the  posterior  coneo-lingual ;  this  divides  it  into  two  parts,  of  whi 


A 
FiQ.  455. — Developmbnt  of  thb  Paribto-occipital  and  the  Oalcarimb  Fihsurss. 

A,  Mesial  aspect  of  a  left  cerebral  hemisphere  of  a  foetus  approaching  the  end  of  the  fifth  month  of 
ment ;  B,  Mesial  aspect  of  a  right  cerebral  hemisphere  of  a  foetus  in  the  beginning  of  Uk 
mouth  of  development. 
S.L.  Septum  lucidum.  c'.     Anterior  calcarine  fissure. 

U      Uucu*  ^^    \  ^'^^  l'*'^  °^  posterior  calcarine  fianii 

g.d.  Gyrus  dentatus.  c.a.   Anterior  collateral  fissure, 

p.o.  Parieto-occi  pital  fissure.  cm.  Mid -collateral  fissure. 

hinder  is  little  more  than  the  bifurcated  extremity  of  the  fissure.  Very  frequently  th 
gyrus  I'eaches  the  surface,  and  then  the  hinder  end  of  the  sulcus  is  completely  cut  of 
posterior  calcarine  fissure  is  not  a  complete  fissure. 

When  the  manner  in  which  the  calcarine  fissure  is  developed  is  studied,  the  various  i 
ances  which  come  into  view  when  the  bottom  of  the  adult  fissure  is  inspected  receive  the 
explanation.  The  anterior  calcarine  fissure  is  formed  very  eurly  as  an  infolding  of  the 
the  cei-ebral  hemisphere.  Tlie  posterior  calcarine  fissure  is  a  secondary  formation.  It  i 
much  later,  and  usually  in  two  pieces,  which  run  together  and  then  join  the  anterior  C8 
fissure.     The  points  of  union  are  indicated  in  the  adult  by  the  two  cuneo-Hngual  deep  gyr 

The  ciineus  is  the  wedge-shaped  or  triangular  district,  on  the  mesial  asii 
the  occipital  lobe,  which  lies  between  the  internal  parieto-occipital  and  cal 
fissures. 

The  gyms  lingnalia  is  a  well-marked  convolution  between  the  calcarine  ; 
above  and  the  posterior  part  of  the  collateral  fissure  below,  which  str 
forwards  from  the  occipital  pole.  Anteriorly,  it  becomes  very  narrow  and 
the  hippocampal  part  of  the  limbic  lobe.  It  lies  partly  on  the  mesial  surfac 
partly  on  the  tentorial  surface  of  the  occipital  loba 

On  the  tentorial  surface  of  the  occipital  lohe  there  is  only  one  convol 
viz.  the  posterior  part  of  the  occipito- temporal  gyrus.  It  proceeds  contini 
forwards  into  the  temporal  lobe  on  the  outer  side  of  the  collateral  fissure,  i 
bounded  externally  by  the  occipito-temporal  sulcus,  a  furrow  which  is  rarel; 
tinuous,  but  is  usually  represented  by  a  series  of  detached  pieces. 

There  are  two  well-marked  sulci  on  the  external  surface  of  the  occipita 
viz.  the  sulcus  occipitalis  transvei-sus  and  the  sulcus  occipitalis  lateralis.  The 
occipitalis  transversus  extends  transversely  across  the  upper  part  of  the  lobe,  I 
the  arcus  parieto-occipitalis.  As  already  explained,  it  is  the  terminal  bifurcal 
the  ramus  occipitalis  of  the  intraparietal  sulcus.  The  sulcus  occipitalis  latex 
a  short  horizontal,  often  sharply-curved,  furrow,  which  divides  the  outer  suri 
the  lobe  into  an  upper  and  a  lower  area  of  very  nearly  equal  extent.  These 
are  connected  by  superficial  annectant  gyri  with  the  parietal  and  temporal  lo 

Elliot  Smith  has  brought  forward  very  convincing  proof  in  favour  of  regardi; 
sulcus  occipitalis  lateralis  as  the  representative  of  the  '^  Affonspalte  "  in  the  brain 
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calls  it  the  snlciui  Innatns  occipitalis,  and  shows  that  in  the  hrains  of  Egyptian 
it  not  infrequently  possesses  an  operculum,  and  presents  an  appearance  which 
[responds  with  the  condition  distinctive  of  the  gorilla.     The  same  may  occasion- 
3n  in  the  hrain  of  the  ahoriginal  Australian. 

OBAL  Lobe. — The  temporal  lobe  lies  behind  the  stem  and  below  the 
horizontal  limb  of  the  Sylvian  fissure.  It  is  somewhat  pyramidal  in  form, 
mts  an  upper,  an  outer,  and  a  tentorial  surface,  with  a  free  projecting  apex 
Above,  it  is  bounded  by  the  posterior  horizontal  limb  of  the  fissure  of 
together  with  the  artificial  line  which  is  drawn  backwards  from  this.  On 
•rial  face  it  is  separated  from  the  hippocampal  part  of  the  limbic  lobe  by 
teral  fissure,  whilst  behind  it  is  marked  off  from  the  occipital  lobe  by  the 
lines  already  described.  The  temporal  pole  projects  forwards  on  the  under 
f  the  brain  beyond  the  stem  of  the  Sylvian  fissure.  It  should  be  noticed 
recurved  end  of  the  hippocampal  part  of  the  limbic  lobe  (uncus),  which  lies 
ner  side  of  the  temporal  pole,  does  not  extend  so  far  forwards  as  the  latter, 
parated  from  the  pole  by  the  incisura  temporalis  or  ecto-rhinal  fissure. 
upper  or  opercular  surface  of  the  temporal  lobe  is  turned  towards  the 
r  Beil  and  the  iron  to -parietal  operculum.  The  fissure  of  Sylvius  must, 
t,  be  widely  opened  up  to  expose  it.  For  the  most  part  the  surface  is 
but  towards  the  back  part  there  are  a  few  transverse  furrows,  which 
two  or  three  weakly-expressed  gyri. 

iterior  transverse  gyrus  is  much  more  strongly  expressed  in  the  foDtal  than  in  the  adult 
appears  in  the  early  part  of  the  seventh  month,  and  is  only  subsequently  completely 
thm  the  Sylvian  fissure.     The  fact  of  the  auditory  centre  being  localised  in  this  region 
iporal  lobe  makes  this  fact  of  interest 

he  deep  surface  of  the  temporal  pole  there  are  also  a  few  feeble  furrowa 
he  outer  surface  of  the  temporal  lobe  there  are  two  horizontal  sulci,  called 
ely  the  first  temporal  or  parallel  and  the  second  temporal  sulcus. 
parallel  sulcus  is  a  long,  continuous,  and  deep  fissure,  which  begins  near  the 
[  pole  and  proceeds  backwards  below  the  posterior  limb  of  the  Sylvian 
Its  hinder  end  turns  upwards  into  the  i)arietal  lobe  and  is  surrounded  by 
liar  gyrus.     The  second  temporal  sulcus  is  placed  midway  between  the 
sulcus  and  the  infero-lateral  border  of  the  hemisphere.     It  is  very  rare  to 
in  the  form  of  a  continuous  cleft;   usually  it  is  broken  up  into  several 
pieces,  one  behind  the  other.     Its  hinder  part,  which  turns  upwards  into 
jtal  lobe,  lies  close  to  the  artificial  line  of  demarcation  between  the  occipital 
etal  lobes,  and  is  surrounded  by  the  postparietal  gyrus, 
he  two  temporal  sulci  the  outer  surface  of  the  temporal  lobe  is  map})ed  out 
je  tiers  of  horizontal  convolutions,  which  are  termed  the  first,  second,  and 
iIK>ral  gyri. 

,he  tentorial  surface  of  the  temjyoral  lobe  there  is  one  fissure,  termed  the 
temporal  sulcus.  The  occipito-temporal  sulcus  lies  to  the  outer  side  of  the 
1  fissure  and  close  to  the  inl'ero-lateral  margin  of  the  hemisphere.  It  runs 
itero- posterior  direction,  and  is  not  confined  to  the  temporal  lobe,  but 
backwards  towards  the  occipital  pole.  It  is  usually  broken  up  into  two 
separate  pieces. 

occipito-temporal  convolution  is  situated  between  tlie  collateral  fissure  and 
pito- temporal  sulcus.  It  extends  from  the  occipital  pole  behind  to  the 
I  pole  in  front. 

narrow  strip  of  surface  on  the  outer  side  of  the  occipito-temporal  sulcus  is 
uis,  round  the  infero-lateral  margin  of  the  hemisphere,  with  the  third 
I  convolution  on  the  outer  surface  of  the  cerebrum,  and  may  be  reckoned 
}  of  it. 

three  temporal  convolutions  and  the  occipito-temporal  convolutions  run 
1  other  at  the  temporal  pole. 

ND  OF  Reil  or  Insula. — The  insula  is  a  triangular  and  somewhat  bulging 
jerebral  cortex,  which  lies  on  a  deei)er  plane  than  the  general  surface  of  the 
ere  and  is  hidden  from  view  by  the  four  opercula  which  overlap  it.  It  is 
iribed  by  a  limiting  sulcus  Tsulcus  circularis),  already  described,  and  its 
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dependent  apical  part,  which  is  directed  downwards,  is  in  close  relatkni  to  \ 
anterior  perforated  spot  and  the  Sylvian  vallecula.     Here  the  limiting 
absent  and  the  gray  matter  on  the  surface  of  the  insula  passes  continaoiiafyi 
the  anterior  perforated  spot.     The  plaice  of  transition  is  called  the  limen  f 

The  insula  is  divided  into  several  diverging  convolutions  by  a  series  of  i 
sulci.     Of  the  latter,  one,  which  presents  the  same  direction  and  lies  in  the  i 
plane  as  the  nssure  of  Bolando,  receives  the  name  of  the  sulcus  centnlii 
(Fig.  447,  C,  p.  557).     It  divides  the  insula  into  an  anterior  frontal  pari 
posterior  parieto-limbic  part. 

Limbic  Lobe. — This  lobe  is  seen  on  the  mesial  surface  of  the  hemisphere  in  I 
form  of  an  elongated  ring -like  convolution,  the  extremities  of  which  ap 
closely  to  each  other  at  the  locus  perforatus  anticus.  These  extremities  are  ( 
nected  by  the  roots  of  the  olfactory  tract,  and  in  this  manner  the  limbic  ring  i 
be  considered  to  be  closed.  The  upper  part  of  the  limbic  lobe  is  placed  in  int" 
relation  to  the  extremities  and  upper  surface  of  the  corpus  callosum,  and  receivi 
the  name  of  callosal  convolution  or  gyrus  fornicatus.  The  lower  portion  of  tbl 
lobe  is  tenned  the  hippocampal  convolution  and  forms  the  inner  part  of  the  I 
tentorial  surface  of  the  hemisphere.  The  continuity  between  the  hippocampil| 
gyrus  and  the  callosal  convolution  is  established  below  the  hinder  end  of  the  corpoi| 
callosum  by  a  narrow  portion  of  the  limbic  lobe,  called  the  isthmus.  From  dusl 
point  the  hippocampal  convolution  extends  forwards  towards  the  temporal  polt] 
Finally,  on  the  side  of  the  crus  cerebri,  the  hippocampal  gyrus  is  folded  back  on  I 
itself  and  ends  in  a  recurved  hook-like  extremity  called  the  uncus.  The  uncus  doei  | 
not  reach  so  far  forwards  as  the  temporal  pole. 

The  callosal  convolation  begins  below  the  anterior  end  of  the  corpus  callosum  at ! 
the  locus  perforatus  anticus,  and,  winding  roimd  the  genu  of  the  corpus  callosum,  it  \ 
is  continued  backwards  on  its  upper  surface  to  its  hinder  thickened  extremity  or  - 
splenium.     Curving  round  this,  it  becomes  greatly  narrowed  through  the  calcarine 
fissure  cutting  into  it.     TMs  narrow  part  is  termed  the  isthmus,  and  constitutes  the 
link  of  connexion  between  the  callosal  gyrus  and  the  hippocampal  gyrus.    Tta 
callosal  gyrus  is  separated  from  the  marginal  convolution  by  the  calloso-margiiud 
fissure,  and  behind  this  it  is  imperfectly  marked  off  from  the  prsecuneus  by  the 
post-limbic  sulcus.     The  furrow  which  separates  it  from  the  corpus  callosum  ii 
termed  the  callosal  sulcus. 

The  hippocami^al  convolation  is  bounded  on  the  outer  side  by  the  anterior  part 
of  the  collateral  fissure,  and  in  front  of  this  by  the  incisura  temporalis,  which 
separates  its  hooked  extremity,  or  uncus,  from  the  temporal  pole.  On  the  inner  side 
it  is  limited  by  the  hippocampal  or  dentate  fissure,  whilst  posteriorly  it  is  divided 
into  two  parts  by  the  anterior  extremity  of  the  calcarine  fissure.  Of  these,  the 
upper  is  the  isthmus,  which  connects  it  with  the  callosal  gyrus,  whilst  the  lower 
portion  brings  it  into  continuity  with  the  gyrus  lingualis.  The  surface  of  the 
hippocampal  convolution  is  covered  by  a  white  reticular  stratum  of  fibres,  termed 
the  substantia  reticularis  alba. 

Although  the  hippocampal  convolution  and  uncus  in  descriptive  anatomy  are  classed  together 
there  is  a  marked  morphological  distinction  between  them.  The  uncus  is  the  feeble  representatiTe 
in  man  of  the  important  pyriform  lobe  in  certain  of  the  lower  mammals,  and  consequently  it 
belongs  to  the  rhineiwephalon ;  the  hippocampal  convolution,  on  the  other  hand,  is  to  be  regarded 
as  forming  a  part  of  the  neo-pallium  of  Elliot  Smitk  The  unimportant  incisura  tempomliB  d 
the  human  brain  in  lower  types  of  brain  in  which  the  rhinencephalon  bulks  largely  is  represented 
by  the  conspicuous  ecto-rhinal  fissure. 

Gyrus  Dentatus  and  the  Fimbria. — If  the  dentate  fissure,  which  lies  along 
the  inner  side  of  the  hippocampal  convolution,  be  opened  up,  the  gyrus  dentatus 
and  the  fimbria,  lying  side  by  side,  will  be  brought  into  view  (Fig.  451,  p.  559). 

The  fimbria  is  simply  a  portion  of  the  posterior  pilkr  of  the  fornix  prolonged 
into  this  region.  It  is  a  conspicuous  band  of  white  matter,  which  presents  a 
prominent  free  border.  In  front  it  runs  into  the  recurved  extremity  of  the  uncus, 
whilst,  if  traced  backwards,  it  will  be  seen  to  curve  upwards  behind  the  posterior 
end  of  the  optic  thalamus  and  become  continuous  with  the  posterior  pillar  of  the 
IbrnLx  l)elow  the  hinder  part  of  the  corpus  callosum. 
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The  gymi  dentatns  is  the  free  edge  of  gray  matter  which  is  placed  between  the 
bria  and  the  deep  part  of  the  upper  surface  of  the  hippocampal  convohitiou. 
)  groove  between  it  and  the  fimbria  is  termed  the  flmbrio-dentate  stdcos,  whilst 
farrow  between  it  and  the  hippocampal  convolutiou  forms  the  bottom  of  the 
tete  llMiire.  The  dentate  gyrus  is  notched  along  the  margin,  whilst  its  surface 
Kored  by  numerous  parallel  and  closely-placed  transverse  grooves.  It  begins 
lind  in  the  region  of  the  splenium  or  thickened  posterior  margin  of  the  corpus 
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Weigert-Pal  specimen). 

dlosum,  and  is  carried  forwards  into  the  cleft  of  the  uncus.  From  this  it  emerges 
1  the  form  of  a  delicate  band,  which  crosses  the  surface  of  the  recurved  part  of  tlie 
ncus  in  a  transverse  direction,  thereby  constituting  the  frenulum  Giacomini. 

The  dentate  flssnre  is  a  complete  fissure,  and  the  elevation  on  the  ventricular 
all  which  corresponds  to  it  is  called  the  hipixxjampus  major.  It  begins  behind 
le  splenium  of  the  corpus  callosum,  where  it  is  continuous  with  a  shallow  part  of 
le  callosal  fissure,  and  it  proceeds  forwards  between  the  gyrus  dentatus  and  the 
ippocampal  convolution.     Its  anterior  end  is  enclosed  within  the  uncus. 

When  conmal  scctioDS  are  made  through  the  callosal  part  of  the  limbic  lolw  and  the  subjaa-nt 
rpii'»  callosum,  the  cortical  gray  matter  is  seen  to  l)e  reflected  from  the  bottom  of  tht*  aill()sal 
<«ure  in  the  form  of  an  exceedingly  line  layer,  which  forms  a  thin  coating  for  the  upiuT  siiil'are 

the  wrpus  callosum.  In  the  midst  of  this  certain  delicate  strands  of  hmgitudinal  fibn's,  tin* 
ria  longitadinales,  are  embedded,  and,  with  the  gray  matter  associated  with  them,  they  re- 
vji^-nt  an  alxirted  or  vestigial  convohition,  termed  the  gyms  supracallosus.  This  gyrus  is  con- 
auoiia  with  the  gyrus  dentatus  round  the  hinder  margin  of  the  corpus  callosum. 

Olfactory  I.obe. — The  olfactory  lobe  is  small  and  rudimentary  in  the  human 
•aiii,  and  the  description  which  is  given  here  d(x;s  not  include  all  the  parts  wliicli, 
001  the  morphological  point  of  view,  belong  to  this  portion  of  the  cerel)ral  henii- 
'here  (see  p.  584).  Under  this  heading  we  shall  study  merely:  (1)  the  olfactory 
lib  and  tract,  with  the  two  roots  of  the  latter;  (2)  the  trigonum  olfactorium. 

The  olfoctory  tract  is  a  narrow,  white,  prismatic  band,  which  expands  anteriorly 
ito  a  swollen  bulbous  extremity,  t<*rmf d  the  olfactory  bulb.  Both  the  tract  and 
»e  bulb  lie  upon  the  olfactory  sulcus  on  the  orbital  surface  of  the  frontal  lobe. 
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whilst  the  inferior  aurtkce  of  the  bulb  res^ta  on  tiie  cribrifiirm  plate  t»f  tbo  eU 
Iioue,  and  receives  the  niimtvrous  olfactfjrj  nerves  which  reach  it  throogh  tht*  for 
in  that  part  of  tht;  cranial  floor. 

PuiitGriorly,  the  olfactory  tract  ilivides  into  two  Jiver^ng  rocits.  T 
loot  curves  abruptly  inwards  und  is  continued  into  the  eallosiil  and  *ub-c 
gyri.  The  lateral  root  runs  outwards  and  b:ick wards  over  the  owUt  p 
ki<uiH  p^rforatus  anticns,  and  gradimlly  dia^ipi>ears  from  view.  In  Jiruma 
wbit^b  thtj  olfactory  apparatus  is  f>ott-r  devulupeil  tfian  in  man,  if.  may  U* 
into  what  corresponds  to  the  uacioate  extremity  of  the  hipiMxamjwil  amxt 
in  man  (Fii/.  :im,  p.  474> 

The  trigonmo  alfactorimn  or  olfactory  tu]*ercle  is  the  small  triiLngular  i 
gray  uiatter  which  (jcciipies  tbts  intcrvid  between  the  rontt*  of  the  olfactoiy  1 
at  tlie  point  where  they  I'e^dn  to  diverge.     Some  hltres  from  the  posterior 
the  ollacl-i*ry  tract  enter  the  trigonuiu,  and,  in  certain  cases,  these  rn 
mure  lir  1ch8  distinct  middle  root. 

CoitPLTs  (Jallusum,  Septum  Lucidum,  and  Foukix, 

Corpus  Cailosum. — The  corpus  callosnm  is  the  gn-at  tnuisverjfe  couutun 
which  parses  between  the  two  cerebral  hemispheres.     It  ib  plaoed  oeaier  t 
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than  tht*  posterior  aupin^t  of  the  brain,  and  it  unites  the  inner  surfaces  of  the  hfH 
splieres  throughout  very  nearly  a  half  of  their  antero-pc^slorior  length.     The  coq^^ 
callosnm   is  highly  arched   from  befori?  backwards,  and  presents  a  convex 
surface  and  a  concave  lower  t^iurfftcif. 
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The  upper  stirftzce  of  the  corpus  callosuin  forms  the  bottom  of  the  great  longi- 
linal  fiasore,  and  on  each  side  of  this  it  is  covered  by  the  callosal  gyrus.  Only 
Its  posterior  part  is  it  touched  by  the  falx  cerebri ;  in  front,  this  process  of  dura 
^ter  £eills  considerably  short  of  it.     The  upper  surface  of  the  callosum  is  covered 

a  thin  layer  of  gray  matter  continuous  at  the  bottom  of  the  callosal  sulcus  with 
D  gray  cortex  on  the  surface  of  the  hemisphere.  In  this  there  are  embedded  on 
;]mt  side  of  the  mesial  plane  two  delicate  longitudinal  bands  of  fibres,  called 
qiectively  the  stria  longitudinaUs  medialis  and  lateralis.  The  stria  longitudinalis 
Biialis  is  the  more  strongly  marked  of  the  two,  and  it  is  separated  from  its  neigh- 
liiir  of  the  opposite  side  by  a  faint  mesial  furrow.  The  stria  longitudinalis  lateralis 
placed  farther  out,  under  cover  of  the  callosal  gyrus.  The  thin  coating  of  gray 
atter,  with  the  two  striae,  represents  an  aborted  convolution,  termed  the  gyros 
qpacallosns.  So  thin  is  the  gray  coating  supplied  by  this  gyrus  that  the  trans- 
sne  direction  pursued  by  the  callosal  fibres  proper  can  be  easily  perceived 
irough  it. 

The  two  extremities  of  the  corpus  callosum  are  much  thickened,  whilst  the 
itermediate  part  or  body  is  considerably  thinner.  The  massive  posterior  end, 
''hich  is  full  and  rounded,  lies  over  the  mesencephalon  and  extends  backwards  as 
IT  as  the  highest  point  of  the  cerebellum.  It  is  called  the  splenium,  and  it  consists 
fan  upper  and  a  lower  part.  The  latter  is  bent  forwards  under  the  upper  part,  to 
he  inferior  surface  of  which  it  is  closely  applied.  The  anterior  end  of  the  corpus 
allosum  is  not  quite  so  massive  and  is  folded  downwards  and  backwards  on  itself. 
%  is  termed  the  genu.  The  recurved  lower  part  of  the  genu  is  separated  from  the 
)art  of  the  corpus  callosum,  which  lies  above,  by  an  interval.  It  rapidly  thins  as 
t  passes  backwards  and  receives  the  name  of  the  rostrum.  The  fine  terminal  edge 
if  the  rostrum  becomes  connected  with  the  lamina  cinerea. 

The  gyms  supracallofius,  with  its  contained  medial  and  lateral  longitudinal  striae,  when  traced 
btckwaitis,  is  seen  to  turn  round  the  splenium  ami  l)ecome  continuous  with  the  gyrus  dentatua. 
In  front  the  mesial  stria?,  with  the  associated  gray  matter,  are  carried  round  the  genu  and  then 
Udjwards  on  the  under  surface  of  the  rostrum.  Ah  they  turn  i-ound  the  anterior  extremity  of 
tlie  corpus  callosum,  each  stria  runs  into  the  corresponding  gyrus  subcallosus — a  narrow  cortical 
itrip  ^-hich  lies  on  the  mesial  surface  of  the  hemisphere  immediately  l.>elow  the  genu  of  the 
cwpu«  callosum.  The  gyrus  subcallosus  is  often  callea  the  peduncle  of  the  corpus  callosum,  and 
the  fibres  of  the  stria  which  it  contains,  emerging  from  its  substance,  proceed  backwaixls  and 
outwards  along  the  posterior  limit  of  the  anterior  perforated  spot  towanls  the  anterior  extremity 
of  the  temporal  lobe.  Elliot  Smith  has  shown  that  these  i)art8  have  an  important  mori)hologiciil 
significance. 

The  under  surface  of  the  corpus  callosum  on  either  side  of  the  mesial  plane  is 
for  the  most  part  free,  and,  hned  by  ependyma,  it  forms  the  roof  of  the  anterior 
honi  and  body  of  the  lateral  ventricle.  In  the  mesial  plane,  however,  it  is  attached 
to  subjacent  parts,  viz.  to  the  septum  luciduni  in  front  and  to  the  body  of  the 
fomLi  behind. 

The  transverse  fibres  of  the  corpus  callosum,  as  they  enter  the  white  medullary 
centre  of  the  cerebral  hemisphere,  radiate  from  each  other  so  as  to  reach  every  part 
jfthe  cerebral  cortex.  This  radiation  is  termed  the  radiatio  corporis  callosi  and 
the  fibres  which  compose  it  intersect  the  fibres  which  form  the  corona  radiata,  or,  iu 
>ther  words,  the  fibres  which  extend  between  the  internal  capsule  and  the  cerebral 
^•ortex  (Figs.  440,  p.  547  ;  and  468,  p.  082).  The  more  anterior  of  the  fibres  which 
'ompose  the  genu  of  the  corpus  callosuin  sweej)  forwards  in  a  series  of  curves  into 
^he  prefrontal  region  of  the  hemisphere.  A  largo  part  of  the  splenium,  forming  a 
?oli(l  bundle  termed  the  forceps  major,  bends  suddenly  and  abruptly  backwards 
nto  the  occipitiil  lobe  (Fig.  40:3,  ]>.  577).  Fibres  from  the  body  and  upper  part 
ii  the  splenium,  curving  round  the  lateral  ventricle,  form  a  very  definite  stratum, 
called  the  tapetum.  This  is  a  thin  layer  in  the  medullary  centre  of  the  hemisphere, 
vhich  constitutes  the  immediate  roof  and  outer  wall  of  the  posterior  horn  and  the 
)uter  wall  of  the  hinder  part  of  the  descending  horn  of  the  Literal  ventricle.  In 
oronal  sections  through  the  occipital  and  hinder  temporal  rt^gions  the  tapetum 
tands  out  very  distinctly  (Figs.  4r>C,  p.  509  ;  4G2,  p.  570  ;  and  465,  p.  579). 

Fornix. — The  fornix  is  an  arehed  bilateral  structure  com})osed,  for  the  most 
«rt,  of  longitudinally-directed  fibres.     In  its   intermediate  part   its  two   lateral 
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halves  are  joined  together  in  the  mesial  plane,  and  form  what  is  called  the  1 
the  fornix ;  but  in  front  and  behind  they  are  quite  separate,  and  oonstitate  I 
anterior  and  posterior  pillars  of  the  fornix. 

The  body  of  the  fornix  is  triangular  in  form.     In  front,  where  it  is  contii 
with  the  anterior  pillars,  it  is  narrow ;  whilst  behind  it  broadens  out, 
flattened,  and  is  finally  prolonged  into  the  posterior  pillars.     The  upper  i 
the  i)ody  of  the  fornix  is  in  contact  with  the  under  surface  of  the  hinder  piitl| 
the  body  of  the  corpus  callosum,  and  posteriorly  is  adherent  to  it.     In  front  off 
adhesion,  and  in  the  mesial  plane,  it  is  attached  to  the  septum  lucidam. 

these  attachments,  on  each  side,  the  upper  i 
of  the  body  of  the  fornix  forms  a  part  of ! 
floor  of  the  lateral  ventricle  and  is  clothed  1 
the  lining  ependyma.     It  presents  a  sharp  1 
edge  or   margin,  from  under  which   the 
plexus    projects  into   the  cavity   of  the 
ventricle   and   with   which   the  epithelial 
FIG.  458. -DIAGRAMMATIC  Profile  View  which  covers  that  plexus  is  continuoua 
OF  THE  Fornix.  lower  surface  of  the   body  of  the  fornix 

upon   the  velum   interpositum,  which 
it  from  the  roof  of  the  third  ventricle  and  the  upper  surface  of  the  optic  th 
It  is  not  at  all  an  uncommon  occurrence  to  find  the  two  lateral  portions  of 
body  of  the  fornix  of  unequal  size  (Fig.  461,  p.  575). 

The  anterior  pillars  of  the  fornix  (columns  fornicis)  are  two  rounded  sti 
which  emerge  from  the  anterior  part  of  the  body  of  the  fornix,  and  then  div 
very  slightly  from  each  other  as  they  curve  downwards  in  front  of  the  foramioAi 
Monro.  Sinking  into  the  gray  matter  on  the  lateral  wall  of  the  third  ventriel^ 
each  anterior  pillar  proceeds  downwards  to  the  base  of  the  brain,  and  in  the  iotei 
peduncular  space  protrudes,  to  take  part  in  the  formation  of  the  corpus  mammillia 
When  the  corpus  mammillare  is  dissected  it  appears  to  be  largely  formed  of  I 
twisted  loop  of  the  anterior  pillar  of  the  fornix,  in  which  the  pillar  bends  npa 
itself,  and  is  then  continued  upwards  and  backwards  into  the  optic  thalamm 
This  appearance,  however,  is  misleading.  The  fibres  of  the  anterior  pillar  end  in 
the  gray  nucleus  of  the  corpus  mammillare,  and  the  strand  which  passes  from  thii 
to  the  thalanms  is  the  bundle  of  Vicq  d'Azsrr  (p.  548). 

The  posterior  pillars  of  the  fornix  (crura  fornicis)  are  flattened  bands  whid 
(liver^^e  widely  from  eacli  other.  At  first  they  are  adherent  to  the  under  sorfiMl 
of  the  corpus  callosum,  but  soon  they  sweep  downwards  round  the  posterior  ends  d 
the  optic  thalami  and  enter  the  descending  horns  of  the  lateral  ventricles  Hen 
each  pillar  comes  into  relation  with  the  corresponding  hippocampus  major,  and  i 
portion  of  its  fibres  are  spread  out  on  the  surface  of  this  prominence,  thereby 
giving  it  a  white  coating  termed  the  alveus,  whilst  the  remainder  of  the  fibra 
constitute  the  fimbria  or  tsenia  fornicis — a  narrow  but  very  distinct  band  of  whiti 
matter,  which  is  attached  by  its  outer  margin  along  the  inner  border  of  tlw 
hippocampus  major  and  ends  in  front  by  joining  the  uncus  (p.  568). 

A  certain  number  of  transverse  fibres  enter  into  the  formation  of  the  fomii 
The  diverging  posterior  pillars  enclose  between  them  a  small  triangular  space  (M 
the  under  surface  of  the  hinder  part  of  the  corpus  callosum.  This  area  is  crossed 
by  transverse  fibres,  which  form  a  thin  lamina  called  the  psalteriom  or  lyra.  Some 
times  the  psalterium  is  not  completely  fused  to  the  under  surface  of  the  corpui 
callosum,  and  in  thase  cases  a  narrow  space  is  left  between  them,  which  receives  tb( 
name  of  Verga's  ventricle. 

The  fornix  is  intimately  connected  with  the  olfactory  apparatus.  Its  fibres  for  the  meet  put 
arise  from  the  pyramidal  cells  in  the  comu  ammonis  or  hippocampus  major  and  ascend  in  th 
fimbria  and  iK)sterior  pillar.     In  the  region  of  the  psalterium  numerous  fibres  cross  the  me«ia 

?lane,  enter  the  opposite  posterior  pillar,  and  in  it  proceed  to  the  opposite  coma  ammonii 
'hese  fibres  constitute  a  commissure  between  the  two  comua  ammonis.  The  remainder  of  th 
fibres  proceed  forwards  in  the  body  of  the  fornix,  and  l>y  means  of  the  anterior  pillar  th 
majority  of  the  fibres  are  carried  aownwards,  behind  the  anterior  commissure,  to  the  coipo 
mammillare.  Some,  however,  curve  backwards  into  the  stria  meduUaris  (p.  548) ;  whilst  otlieri 
forming  the  olfactory  bundle  of  the  coma  ammonis,  pass  in  front  of  the  anterior  commissuie  to 
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■  the  septum  laddam,  through  which  they  reach  the  subcallosal  gyrus  and  the  locus  per- 
lu  anticufl.  Finally,  this  bundle  divides  into  two  parts,  of  which  one  joins  the  inner  root  of 
>l&ctory  tract,  whilst  the  other  goes  to  the  uncus. 

"he  greater  number  of  the  longitudinal  fibres  of  the  fornix  must,  therefore,  be  regarded  as 
ilishuig  a  connexion  between  the  comu  ammonis  and  the  optic  thalamus.  The  inner  portion 
le  composite  nucleus  of  the  corpus  mammillare  is  an  intemode  interposed  in  the  path  of  this 
tecting  tract  The  bundle  of  vicq  d'Azyr,  formed  by  the  relay  of  fibres  which  takes  origin 
fads  intemode,  forms  the  second  link  in  the  chain. 

rhe  striae  longitudinales  in  the  gyrus  supracallosus  on  the  upper  surface  of  the  corpus 
wnm  are  to  be  r^arded,  from  a  morphological  point  of  view,  as  forming  an  outlying  part  of 
iomiz  systeuL 

rhere  can  be  little  doubt  that  the  gyrus  supracallosus  represents  a  wasted  portion  of  the 
pocampus  formation.  In  monotremes  and  marsupials  the  hippocampus  occupies  a 
fi^KmOing  poeitiom  but,  with  the  greater  development  of  the  corpus  callosum  in  higher 
Dinals,  atrophy  and  stretching  occur  and  the  structure  is  reduced  to  a  vestigial  condition 
Sot  Smith).  That  fornix  fibres  therefore  should  be  found  in  connexion  with  the  supracallosal 
Bi  is  not  surprising. 

Septum  Lncidum  (septum  pellucidum). — The  septum  lucidum  is  a  thin  vertical 
iition  which  intervenes  between  the  anterior  comua  and  foreparts  of  the  bodies 
the  two  lateral  ventricles.  It  is  triangular  in  shape,  and  posteriorly  it  is 
longed  backwards  for  a  variable  distance  between  the  body  of  the  corpus  callosum 
1  the  fornix,  to  both  of  which  it  is  attached  by  its  upper  and  lower  edges.  In 
at  it  occupies  the  gap  behind  the  genu  of  the  corpus  callosum,  whilst  below,  in 
I  narrow  interval  between  the  posterior  edge  of  the  rostrum  of  the  corpus  callosum 
1  the  fornix,  it  is  prolonged  downwards  towards  the  base  of  the  brain  in  the 
rus  subcallosus.  The  septum  lucidum  is  composed  of  two  thin  laminae  in  appo- 
m  with  each  other  in  the  mesial  plane  (Fig.  461,  p.  575). 
Fifth  Ventricle  (cavum  septi  pellucidi). — This  name  is  applied  to  the  mesial 
ft  between  the  two  laminae  of  the  septum  lucidum.  It  varies  greatly  in  size  in 
ferent  brains  and  contains  a  little  fluid.  It  is  completely  isolated  and  presents 
communication  with  the  other  ventricles  of  the  brain.  Indeed,  the  term"  ventricle," 
applied  to  it,  is  quite  inappropriate,  seeing  that  at  no  period  in  the  development 
the  brain  has  it  any  connexion  with  the  general  ventricular  system. 

Lateral  Ventricle. 

The  cavity  in  the  interior  of  the  cerebral  hemisphere  is  called  the  lateral 
ntricle.  It  is  lined  throughout  by  ependyma  continuous  with  the  ependymal 
ing  of  the  third  ventricle.  In  many  places  the  walls  of  the  cavity  are  in  appo- 
ion,  whilst  in  other  localities  spaces  of  varying  capacity,  and  containing  cerebro- 
oal  fluid,  are  left  between  the  bounding  walls. 

The  lateral  ventricle  (ventricuius  lateralis)  communicates  with  the  third  ventricle 
:he  brain  by  means  of  a  small  foramen,  just  large  enough  to  admit  a  crow-quill, 
ich  is  termed  the  foramen  of  Monro.  This  aperture  is  placed  in  front  of  the  fore 
[  of  the  optic  thalamus  and  behind  the  anterior  pillar  of  the  fornix. 
The  highly- irregular  shape  of  the  lateral  ventricle  can  be  best  understood  by  the 
dy  of  a  cast  of  its  interior  (Figs.  459 ;  and  444,  p.  551).  It  is  usual  to  describe 
A  being  composed  of  a  body  and  three  horns,  viz.  an  anterior,  a  posterior,  and  a 
cending  horn.     The  anterior  horn  is  that  part  of  the  cavity  which  lies  in  front  of 

foramen  of  Monro.  The  body  is  the  portion  of  the  ventricle  which  extends 
m  the  foramen  of  Monro  to  the  splenium  of  the  corpus  callosum.     At  this  point 

posterior  and  descending  horns  diverge  from  the  hinder  part  of  the  body.  The 
terior  horn  curves  backwards  and  inwards  into  the  occipital  lobe.  It  is  very 
iable  in  its  length  and  capacity.  The  descending  horn  proceeds  with  a  bold  sweep 
uul  the  hinder  end  of  the  optic  thalamus,  and  then  tunnels  in  a  forward  and 
vard  direction  through  the  temporal  lobe  towards  the  temporal  pole.  The  early 
tal  lateral  ventricle  is  very  capacious  and  presents  an  arched  or  semilunar  form, 
is  composed  of  parts  which  correspond  to  the  anterior  horn,  the  body,  and  the 
scending  horn,  and  there  is  little  or  no  demarcation  between  them.  The 
flterior  horn  is  a  later  production.  It  comes  into  existence  with  the  occipital 
te  and  is  produced  as  a  div(^rti('ulum  or  elongated  pouch,  which  grows  backwards 
)m  the  upper  and  hinder  ])art  (i.e.  the  convexity)  of  the  primitive  cavity. 
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Anterior   Bor 
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TOiifed  by  the  corptJ 
On  lire  inner  or  m4 
IB  hounded  by  the  . 
of  the  fornix  to  the 
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by  the  meeting  of  the  floor  tind  the  rOi.»f  of  the  cavity.     On  the  Jlmr[ 

of  important  ob- 
jects umy  be  re- 
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orden  (I)  the  cau- 
date nucleus ;   (2) 

a  groove  which 
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from  before  buck- 

wants    and    out- 

wartb  between  the 

caudate  nuideus 

and    the    optic 
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5ptic  thalamus;  (4)  the  choroid  plexus;   (5)  the  thin,  sharp  lateral  edge  of 

umix. 

"he  caudate  nudeus  narrows  rapidly  as  it  proc^^eds  backwards  on  the  outer  part 

e  Hoi)r  of  the  body  of  the  lateral  ventricle.     The  vein  of  the  corpus  striatum  is 

red  over  by  ependyma.     It  joins  the  vein  of  (lalen  (.'lose  to  the  foramen  of 

n».     The  connexions  of  the  tsnia  semicircularis  will  l)e  dealt  with  later.     The 

ion  of  the  ui)per  surface  of  the  optic  thalamus  which  apix>ars  in  the  floor  of  the 

CorpuR  callotium 
Vi.'iitriclc  V     ■    Korain«>ii  of  Monro 
I     Camlati*  inu'leiia 
S»*iitiini  Inridmn  Ojit.ir  tlialamux 

tttnwd  %A  Ikn l«n nil «  ^^^^^^^ffTwP\  iflH^VBH&*rt^*^k^     Tkntit  xrtin|p[rfntiiriii 


Calctr  »Tlii 


Fiinliriii  ^ 

Fmiti'Jiji  iiiJiior 


t      »       ^^^^"     Jtiilb  of  tKe  ef>niii 

HI]»|H»c:«iu|iiiH  iiuijor 
■  l'ost4»ri«»r  pilljir  of  the  fornix 

B«niy  of  tho  fiiriiix 


Fl'..  101. — l>lssEi.TI(>N,  to  show  the  t'oniix  ami  lateral  vnitrirK'S  ;  tlio  V'0»ly  oMlie  oorjui^  callo>uin 
has  Ik'cii  turned  ovrr  to  th«r  Iflt. 


itricle  Is  in  great  part  hidden  by  tlie  clioroid  plexus,  wliicli  lies  upon  it.  The 
roid  plexus  is  a  rich  vascular  fringt*  which  a])])cars  from  under  cover  of  the  sharp 
•ral  «:dge  of  the  fornix.  In  front  it  is  continuous,  heliind  the  foramen  of  Monro, 
h  the  corresponding  choroid  jJexus  of  the  opposite  side,  whilst  b(»hind,  it  is 
ri»"l  into  the  descending  horn  of  the  ventricle.  Although  the  choroid  plexus 
iall  the  apiH*arance  of  lying  frc»'  witliin  the  ventricle,  it  must  he  home  in  mind 
it  ii  is  invested  hy  an  e]>ithelial  layer  which  represents  a  p(»rtion  of  tlie  liemi- 
lern.  wall  and  excludes   it  from  tln^  cavity.     This  thin  layer  is  continuous  on  the 
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one  hand  with  the  sharp  edge  of  the  foniLx,  and  on  the  other  it  is  attached  to { 
upper  surface  of  the  optic  thalamus. 

Posterior  Horn  of  the  Lateral  Ventricle  (cornu  posterius). — The  posUi 
horn  is  an  elongated  diverticulum  earned  backwards  into  the  occipital  lol*  from 
hinder  end  of  the  body  of  the  ventricle.  It  tapers  to  a  point  and  describes  a  ga 
curve,  the  convexity  of  which  is  directed  outwards.  The  roof  and  outer  tcalldi 
portion  of  the  ventricular  cavity  are  formed  by  the  tapetum  of  the  corpus  caUoi 
In  coronal  sections  through  the  occipital  lobe  this  is  seen  as  a  thin  but  disti 
layer  of  white  fibres,  which  lies  immediately  outside  the  ependyma  and  to  the  ia 
side  of  a  much  larger  strand  of  fibres  in  the  medullary  substance  of  the  occip 
lobe,  viz.  the  optic  radiation. 

On  the  inner  wall  two  elongated  curved  elevations  may  be  observed.  ! 
uppermost  of  these  is  termed  the  bulb  of  the  cornu  (bulbus  cornu  posterioris),  an 
produced  by  the  fibres  of  the  forceps  major  of  the  corpus  callosum  as  they  en 
abruptly  backwards  from  the  lower  part  of  the  splenium  of  the  corpus  callosum  i 
the  occipital  lobe.  Below  this  ia  the  elevation  known  as  the  calcar  aiis.  It  ti 
greatly  in  size  in  different  brains,  and  is  caused  by  an  infolding  of  the  ventric 
wall  in  correspondence  with  the  anterior  calcarine  fissure  on  the  exterior  of 
hemisphere. 

Descending  Horn  of  the  Lateral  Ventricle  (cornu  inferius). — The  desceii« 
horn  is  the  continuation  of  the  cavity  into  the  temporal  lobe.  At  first  directed  b 
wards  and  outwards  the  descending  horn  suddenly  sinks  downwards  behind  the  < 
thalamus  into  the  temporal  lobe,  in  the  centre  of  which  it  takes  a  curved  course 
wards  and  inwards  to  a  point  about  an  inch  behind  the  extremity  of  the  temporal 

In  the  angle  between  the  diverging  posterior  and  descending  horns  the  a 
of  the  ventricle  presents  an  expansion  of  a  somewhat  triangular  shape.  To 
the  name  of  trigonom  ventriculi  is  sometimes  given. 

The  roof  of  the  descending  horn  is  formed  for  the  most  part  by  the  tapetu 

Splenium  of  corpus  CAllosuni 
Bulb  of  the  posterior  comn  Bnlb  of  the  poiit«»Tinr  onmn 

\ 


Inferior  longitudinal  fasciculus. 
Fir..   462.— Coronal  Skction  through  the  Posterior  Horns  of  the  Lateral  Vbntriclr. 

the  corpus  callosum.  At  the  extremity  of  the  horn  the  roof  presents  a  bul 
into  the  cavity.  This  is  the  amygdaloid  tubercle,  and  it  is  produced  by  a  sii 
jacent  collection  of  gray  matter  termed  the  amygdaloid  nucleua  The  taenia  £ 
circularis  and  the  attenuated  tail  of  the  caudate  nucleus  are  both  prolonged  int( 
descending  horn  and  are  carried  forwards,  in  its  roof,  to  the  amygdaloid  nuclei 

On  the  floor  of  the  descending  horn  the  following  structures  are  seen: 
hippocampus  major,  or  the  cornu  ammonia ;  (2)  the  choroid  plexus ;  (3)  the  fiml 
and  (4)  the  eminentia  collateralis. 

The  hippocampus  major  (hippocampus)  is  for  the  most  part  covered  by 
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plexua  It  is  a  prominent  elevation  on  the  floor  of  the  descending  horn  of 
)ral  ventricle  and  is  strongly  curved,  in  conformity  with  the  course  taken 
lom  in  which  it  lies.  It  therefore  presents  an  internal  concave  margin  and 
tmal  convex  border.  Narrow  behind,  it  enlarges  as  it  is  traced  forwards, 
ends  below  the  amygdaloid  tubercle  in  a  thickened  extremity,  which 
8  some  faint  grooves  or  notches  on  its  surface.  In  consequence  of  this,  the 
r  end  of  the  hippocampus  major  receives  the  name  of  the  pes  hippocampi. 
)pocampu8  major  is  the  internal  elevation  which  corresponds  to  the  dentate 
Dn  the  exterior  of  the  hemisphere  (Fig.  464). 

incision  be  made  along  the  outer  convex  edge  of  the  hippocampus  major,  and  the  surface 
\)e  raised,  the  central  core  will  be  seen  to  present  the  curious  appearance  of  two 
ed  layers  dove-tailed  into  each  other  (M*Carthy). 

'  fimbria  (fimbria  hippocampi)  is  the  narrow  band  of  wliite  matter  which  is 
d  by  its  outer  margin  along  the  inner  concave  border  of  the  hippocampus 
The  white  matter  composing  it  is  continuous  with  the  thin  white  layer 
veus)  which  is  spread  over  the  surface  of  the  hippocampus  major,  and  it 
fi  two  free  surface  and  a  sharp  free  inner  border.  The  fimbria  has  already 
camined  in  connexion  with  the  hippocampal  fissure  and  the  gyrus  dentatus 
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Fio.  463. 


-Dissection,  to  sliow  tho  fornix  and  the  posterior  and  descending  coniiia 
of  tlie  lateral  ventricle  of  the  left  side. 


^),  and  the  relations  which  it  presents  to  the  fornix  and  the  uncus  have  been 
d  out. 

hen  the  pia  mater  in  the  re^non  of  the  hippocampal  fissure  is  removed  from 
rface  of  the  brain,  the  choroid  plexus  in  the  interior  of  the  descending  horn 
41 
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of  the  lateral  ventricle  is  usually  withdrawn  with  it,  and  a  fissure  appears  be 
the  fimbria  and  the  roof  of  the  ventricular  horn.  This  is  the  choroid  flsm 
appears  at  a  very  early  date  in  the  development  of  the  cerebral  hemispher 
takes  an  arcuate  course  upwards  and  forwards  round  the  hinder  end  of  the 
thalamus.  In  the  region  of  the  body  of  the  lateral  ventricle  it  extends 
forwiirds  as  the  foramen  of  Monro,  and  is  formed  by  the  involution  of  an  epi! 
part  of  the  wall  of  the  ventricle  over  the  choroid  plexus  (p.  575).  In  the  rej 
the  descending  horn,  when  the  choroid  plexus  with'  the  involuted  epithelial 
which  covers  it  is  withdrawn,  the  choroid  fissure  is  converted  into  an  artifici 
which  leads  directly  into  this  part  of  the  ventricular  cavity. 

Tlie  choroid  plexus  is  a  convoluted  system  of  blood-vessels  in  connexion  i 
fold  of  pia  mater,  which  is  prolonged  into  the  descending  horn  of  the  ] 
ventricle.  It  lies  on  the  surface  of  the  hippocampus  major  and  is  conti 
behind  the  posterior  part  of  the  optic  thalamus,  with  the  choroid  plexus  in  th( 
of  the  lateral  ventricle.  But  it  must  not  be  supposed  that  the  choroid  pleii 
free  in  the  ventricular  cavity.  It  is  clothed  in  the  most  intimate  manner 
epithelial  layer,  which  represents  the  inner  or  mesial  wall  of  the  desceudinj 
involuted  into  the  cavity  over  the  choroid  plexus.  The-  ventricle,  therefore 
opens  on  the  surface  through  the  choroid  fissure  when  this  thin  epithelial  h 
torn  away  by  the  withdrawal  of  the  choroid  plexus.  From  the  above,  it  m 
understood  that  the  arcuate  choroid  fissure,  throughout  its  whole  length  (viz 

the  foramen  of  Monro  i 
extremity  of  the  desw 
horn  of  the  lateral  vent 
is  formed  by  the  involul 
a  portion  of  the  wall 
hemisphere  which  remaii 
thelial.  In  the  body  ( 
ventricle  this  layer  is  att 
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lateral  margin  of  the 
and  on  the  other  to  the 
surface  of  the  optic  tha! 
in  the  descending  hon 
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pillar  of  the  fornix,  whikl 
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of  the  ventricle  alon: 
line  of  the  taenia  semicin 
The  eminentia  coUi 
biJ*^'vw?tri?i2'  shows  very  great  differei 
cwcpp  Mvis  its  degree  of  developmei 
it  may  present  two  d 
-_Bnibortiiecornu  forms,  which  may  be 
guished  from  each  other 
eminentia  collateralis  pc 
and  the  eminentia  colk 
anterior. 

The  posterior  coi 
eminence  is  a  smooth 
tion  in  the  floor  of  tl 
gonum  ventriculi,  in  t 
terviil  which  is  left  b 
the  calcar  avis  and  the 
campus  major  as  they  i 
from  each  other.  In  the  foetal  brain  thi.s  is  always  a  very  strongly-i 
elevation,  which  corresponds  with  the  mid-collateral  fissure,  but  in  the  co 
growth  it  is  apt  to  lose  much  of  its  prominence. 
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464. — Dissection  from  alK)ve,  to  show  tlie  posterior  and 
descending  cornua  of  tlie  lateral  ventricle. 
Giaconiiui's  band.  F.D.  Gyrus  dental tns. 

Fimbria,  H.C.   Hipi)ocampal  convolution. 
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le  anUriar  collateral  eminence  is  only  occasionally  present.  It  appears  as  an 
lied  elevation  of  varying  length  and  prominence,  on  the  floor  of  the  descend- 
Mm  of  the  lateral  ventricle,  on  the  outer  side  of  the  hippocampus  major.  It 
nedby  the  anterior  portion  of  the  foetal  collateral  sulcus,  when  this  develops 
omplete  fissure. 

Basal  Ganglia  of  the  Cerebral  Hemisphere. 

nder  this  heading  are  included  certain  masses  of  gray  matter  more  or  less 
letely  embedded  in  the  white  medullary  substance  of  the  hemisphere,  and 
I  are  developed  in  its  walL  They  compose  the  caudate  and  lenticular  nuclei, 
I  together  form  the  corpus  striatum,  the  claustrum,  and   the  amygdaloid 
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a  free  ventricular  surface,  covered  with  ep.^ndyma,  and  a  deep  surface 
ided  in  the  white  substance  of  the  cerebral  hemisphere,  and  for  the  most  part 
i  to  the  internal  capsule. 

^ing  to  its  arched  form  it  follows  that,  in  horizontal  sections  -through  the 
'al  hemisphere  below  a  particular  level,  it  is  cut  at  two  points,  and  both  the 
md  the  tail  appear  on  the  field  of  the  section  (Fig.  465).  In  coronal  sections 
i  the  amygdaloid  nucleus,  it  is  also  divided  at  two  places  (Fig.  440,  p.  547). 

41a 


Fig.  465. — Horizontal  Section  through  the  Right  Cerkbral  Hbmibpherr 
AT  THE  Level  of  the  Widest  Part  of  the  Lkntici;i^\r  Ntcleus. 
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The  anterior  extremity  of  the  head  of  the  caudate  nucleus  comcides  yetjm 
with  that  of  the  anterior  horn  of  the  lateral  ventricle.  In  the  r^on  of  the  1 
perforatus  anticus,  the  head  of  the  caudate  nucleus  gains  the  surface  and  iti| 
matter  becomes  continuous  with  that  of  the  cerebral  cortex. 

The  lenticular  nucleus  lies  ou  the  outer  side  of  the  caudate  nucleus  and  i 
thalamus,  and  is  for  the  most  part  embedded  within  the  white  medullary  subrt 
of  the  cerebral  hemisphere.  It  does  not  extend  either  so  far  forwards  or  at 
backwards  as  the  caudate  nucleus.  Indeed,  it  presents  a  very  close  correspond 
in  point  of  extent  with  the  insula  or  island  of  Eeil  on  the  surface.  When  see 
horizontal  section,  it  presents  a  shape  similar  to  that  of  a  biconvex  lens, 
inner  surface  bulges  more  than  the  outer  surface,  and  its  point  o^  highest  conv« 
is  placed  opposite  the  taenia  semicircularis  or  the  interval  between  the  cau 
nucleus  and  the  optic  thalamus.  In  coronal  section  the  appearance  presentd 
the  lenticular  nucleus  differs  very  much  in  different  planes  of  section.    Fig. 
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Fig.  466. — Coronal  Section  through  the  Cerebral  Hemispheres  so  as  to  cnt  qj  barred  aDI 
through  the  anterior  part  (imtaiiieu)  of  the  lenticular  nucleus  in  front  of  the  ,  .  ,  V 

globus  paiudu8.  ance, which  n 

sented  by  su 
section  as  this,  that  the  term  eorpns  striatum  is  applied  to  the  two  nuclei 
the  region  of  the  locus  perforatus  anticus  both  nuclei  reach  the  surface  and  be( 
continuous  with  the  cortex. 

When  a  section  is  made  in  a  plane  further  back  (e.g.  immediately  posteric 
the  anterior  commissure,  as  in  Fig.  467)  the  divided  lenticular  nucleus  assuuM 
altogether  different  shai)e,  and  is  seen  to  be  completely  cut  off  from  the  cat 
nucleus  by  the  internal  capsule.  It  is  now  triangular  or  wedge-shaped.  Its 
is  turned  towards  the  island  of  Reil  and  is  in  direct  relation  to  a  thin  lamii 
white  matter,  termed  the  external  capsule.  Its  internal  surface  is  oblique  a 
applied  to  the  internal  capsule,  whilst  its  inferior  surface  is  horizonUd  ai 
directed  downwards  towards  the  base  of  the  brain.  But,  further,  two  white  las 
the  external  and  internal  medullary  laminae,  are  now  evident,  which  travert 
substance  in  a  vertical  direction  and  divide  it  into  three  zones.  The  outer,  1 
and  larger  zone  is  tenned  the  putamen ;  the  two  inner  portions  together  ccHWt 
the  globus  pallidas. 

The  putamen  forms  much  the  largest  part  of  the  lenticular  nucleua 
darker  in  colour  than  the  globus  pallidus,  and  in  this  resjiect  resembles  the  cai 
nucleua     It  is  traversed  by  fine  radiating  bundles  of  fibres,  which  enter  it  fror 
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^emal  medullary  lamina.  Both  in  point  of  structure  and  in  mode  of  development 
^B  doselv  associated  with  the  caudate  nucleus,  and  it  is  the  only  part  of  the  leu- 
analar  nucleus  which  is  connected  by  intervening  bands  of  gray  matter  witli  the 
^date  nucleus.  The  antero-posterior  length,  as  well  as  the  vertical  depth  of  the 
"^       aen,  is  much  greater  than  in  the  case  of  the  globus  pallidas ;  consequently,  in 
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Fig.  467. — Coboxal  Section  throuoh  the  Cerebrum  so  as  to  cut  through  the  three  divUious  of  the 
lenticular  nucleus  ;  posterior  surface  of  the  section  depicted. 

l>oth  coronal  and  horizontal  sections  through  the  cerebrum  it  is  encountered  before 
the  plane  of  the  gloljus  pallidus  is  reached. 

The  external  capsule  is  loosely  coiiiiocted  with  the  outer  surface  of  the  putauien,  and  it  can  be 
readily  strii)pe<l  off.  This  accounts  for  the  tendency,  exhibited  in  liajuiorrhageai  in  this  locality, 
for  the  effused  blood  to  spread  out  in  the  interval  Iwlween  these  structures. 

The  globus  pallidus  is  composed  of  the  two  smaller  and  inner  zones  of  the  lenti- 
cular nucleus.  They  present  a  faint  yellowish  tint,  and  are  paler  and  more 
abundantly  traversed  by  tibres  than  the  putamen.  The  zone  next  the  putameu  {i.e. 
the  intermediate  zone)  is  much  larger  than  the  innermost  subdivision.  It  extends 
forwards  to  a  point  a  little  in  front  of  the  plane  of  the  anterior  commissure.  When 
the  lenticular  nucleus  is  cut  in  a  coronal  direction,  and  in  its  widest  i)art,  the 
innermost  zone  shows  an  indicjttion  of  a  separation  into  two  ])art8,  so  that  here  the 
globus  iMillidus  appears  to  consist  of  three  subdivisions.  The  morpholo^^y  of  tlie 
I     globus  ^»allidus  is  by  no  means  clear. 

Connexions  of  the  Corpus  Striatum.— (I)  Numerous  fibres  pass  from  tlie  oi)tie 
llialamus  to  the  corpus  striatum,  and  in  the  reverse  direction  from  the  corpus  striatimi 
into  the  tlialamus  through  tlie  anterior  limb  of  the  internal  capsule.  These  may  ]>e 
tenne<l  the  thalamo- striate  and  the  strio- thalamic  fibres.  (2)  Iildin<:er  describes  a 
conncxirm  l>etween  the  caudate  nucleus  and  the  substantia  nij^ra.  Tlie  conncctinj^  fibres 
pass  through  the  subthalamic  region  and  constitute  a  tract  in  the  mesencephalon,  in  close 
apposition  with  the  substnntia  nigra,  called  tlie  stratum  intermedium.  (*3)  The  ansa 
lenticnlaris  has  previously  been  mentioned.  It  is  composed  of  fibres  whicli  come  from  the 
inferior  fwirt  of  the  fore  portion  of  the  thalamus  and  curve  outwards  under  tlie  lenticular 
nucleus.  They  stream  upwarrls  into  this  and  tliroujih  its  medullary  lamina?.  Many  of 
them  apparently  i)rocccd  onwards  to  the  cerebral  cortex.  (4)  Fibres  from  the  posterior 
416 
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limb  of  the  internal  capsule  (thalamic  fibres  chiefly)  enter  the  lenticular  Duckoi! 
stream  through  it,  and  its  medullary  lamina?,  on  their  way  to  the  cerebral  cortex. 

Olaustrum. — This  is  a  thin  plate  of  gray  substance  embedded  in  the  il 
matter,  which  intervenes  between  the  lenticular  nucleus  and  the  gray  cortex  of 
insula  or  island  of  Reil.  Followed  in  an  upward  direction,  it  becomes  gradi 
thinner  and   ultimately  disappeara      As  it   is   traced  downwards,   howevei 
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Fkj.  468.— Coronal  Section  throdoh  the  Left  Side  of  the  Cerebrum  of<an  Obang 

(Weigert-Pal  specinieu). 

Tlie  Hection  passes  through  tlie  middle  of  the  lenticular  uucleus. 

thickens  considerably,  and  at  the  base  of  the  brain  it  comes  to  the  surface  at 
anterior  perforated  spot  and  becomes  continuous  with  the  gray  matter  of  the  coi 
Its  extent  corresponds  very  closely  with  the  area  occupied  by  the  insula,  anc 
surface  towards  this  portion  of  the  cerebral  cortex  shows  ridges  and  deprea 
corresponding  to  the  insular  gyri  and  sulci. 

Amygdaloid  Nucleus. — ^In  the  forepart  of  the  temporal  lobe,  in  front  of, 
to  some  extent  above  the  extremity  of  the  descending  horn  of  the  lateral  venti 
there  is  a  round  maas  of  gray  matter,  called  the  amygdaloid  nucleus.  The  ta 
the  caudate  nucleus  joins  its  lower  part,  whilst  above  it  is  carried  up  into  the  \ 
men.     In  front  it  is  continuous  with  the  gray  cortex  of  the  cerebrum. 

Taenia  Semicircularis. — This  is  a  band  of  fibres  which,  for  the  most  part, 
in  the  amygdaloid  nucleus.  From  this  it  runs  backw^ards  in  the  roof  of  th 
scending  horn  of  the  lateral  ventricle,  and  then  arches  upwards  and  forwards, 
to  gain  the  floor  of  the  body  of  the  lateral  ventricle.  In  both  situations  il 
close  to  the  inner  aide  of  the  nucleus  caudatus,  and  finally,  at  the  foram< 
Monro,  it  bends  downwards  towards  the  anterior  commissure.  Some  of  its  i 
pass  in  front  and  others  behind  the  commissure,  and  ultimately  they  end  ii 
locus  perforatus  anticus  (Kolliker). 

Internal  Capsule. — This  term  is  applied  to  the  broad  l)and  of  white  m 
which  intervenes  between  the  lenticular  nucleus,  on  the  outside,  and  the 
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tsenia  semicircularis,  and  caudate  nucleus  on  the  inner  side.  It  presents 
irent  appearances,  according  to  the  plane  in  which  the  brain  is  cut.  In 
of  the  mesencephtdon,  a  coronal  section  through  the  brain  shows  that  in 
the  internal  capsule  is  directly  continuous  with  the  crusta  of  the  crus 
ig.  440,  p.  547).  In  horizontal  section  the  internal  capsule  is  observed  to 
pon  itself  opposite  the  taenia  semicircularis,  or  the  interval  between  the 
iicleus  and  the  thalamus.  This,  bend,  which  points  inwards,  is  called  the 
out  one-third  of  the  internal  capsule  lies  in  front  of  the  genu,  and  is 
e  anterior  limb ;  the  remaining  two-thirds,  which  lie  behind  the  genu, 
the  posterior  limb. 

nterior  limb  of  the  internal  capsule  intervenes  between  the  lenticular 
id  the  caudate  nucleus.  In  its  lower  and  forepart  it  is  much  broken  up 
iinecting  bands  of  gray  matter  which  pass  between  the  forepart  of  the 
ind  the  lenticular  nucleus. 

iterior  limb  of  the  internal  capsule  is  largely  composed  of  corticipetal  fibres 
to  the  thalamic  radiation.  It  likewise  contains  corticifugal  fibres.  The 
fibres  are  of  two  kinds,  viz.  thalamo-frontal  and  thalamo-striate.  The 
ich  arise  in  the  optic  thalamus,  go  through  the  anterior  limb  of  the  internal 
reach  the  cortex  of  the  frontal  lobe.  The  thalamo-striate  fibres  likewise  arise 
amus  and  enter  the  anterior  limb,  to  reach  the  caudate  and  lenticular  nuclei, 
rticifugal  fibres  are  represented  by  the  fronto-thalamic,  the  strio-thalamic,  and 
[x>ntiue  tracts. 

»nto-pontine  tract  arises  in  the  cortex  of  the  prefrontal  region,  traverses  the 
ub  of  the  internal  capsule,  forms  the  inner  fifth  of  the  crusta  of  the  crus  cerebri, 
ends  in  the  nucleus  pontis. 

>sterior  limb  of  the  internal  capsule  is  plsrced  between  the  optic  thalamus 
jnticular  nucleus,  and  it  extends  backwards  for  a  short  distance  beyond 
T  end  of  the  putamen  on  the  outer  side  of  the  posterior  part  of  the 
and  of  the  tail  of  the  caudate  nucleus.  The  posterior  limb,  therefore,  is 
as  consisting  of  a  lenticular  and  a  retrolenticular  part. 

iticnlar  part  of  the  posterior  limb  is  composed  of  both  corticipetal  and  cortici- 
s.  The  corticipetcU  fibres  enter  the  internal  capsule  from  the  outer  aspect  of 
iialamus,  and  arc  composed  of  fibres  which  arise  within  the  thalamus,  and  proceed 
)  the  cerebral  cortex. 

'tic if wjal  fibres  consist  of  the  pyramidal  tract  and  the  cortico-thalamic  fibres, 
eat  motor  or  pyramidal  tract,  descending  from  the  Roland  ic  area  of  the  cortex, 
le  anterior  half  of  the  lenticular  part  of  the  internal  capsule.  The  fibres,  which 
nucleus  of  the  facial  nerve,  lie  close  to  the  genu,  and  behind  these  are  the 
h  go  to  the  hypoglossal  nucleus ;  still  further  Imck  are  pyramidal  fibres  which 
;pinal  cord  and  end  around  the  motor  cells  of  the  anterior  horn  of  gray  matter, 
nidal  tract  has  been  observed  occupying  the  middle  part  of  the  crusta  of  the 
•i,  into  which  it  passes  directly  from  the  internal  capsule. 

trolenticular  part  of  the  posterior  limb  contains:  (1)  the  fibres  of  the  optic 
ts  they  pass  to  establish  their  connexions  with  the  tlialamus,  superior  quadri- 
>dy,  and  corpus  genicnlatum  externum  ;  (2)  the  fibres  of  the  auditor^'  radiation, 
rhich  connect  the  auditory  cortical  field  in  the  temporal  lobe  with  the  corpus 
tn  internum  (Figs.  418,  p.  520,  and  Fig.  439,  p.  546)  ;  (3)  the  temporo-pontine 
h  is  comjx)sed  of  fibres  which  take  origin  in  the  two  upper  convolutions  of  the 
obe  and  pass  through  this  section  of  the  internal  capsule  to  reach  the  outer 
:  crusta  of  the  crus  cerebri.  Through  this  tliej'  reach  the  ventral  part  of  the 
e  gray  matter  of  which  they  end. 

the  fibres  of  the  internal  capsule  are  traced  upwards  they  are  found  to 
t  widely  from  each  otiier  in  a  radiating  or  fan-shaped  manner,  so  as  to 

various  convolutions  of  tlie  cerebral  hemisphere.  This  arrangement  is 
le  corona  radiata.  Tlie  callosal  system  of  fibres,  as  they  proceed  into  the 
•e,  also  radiate,  and  they  intersect  tlie  fibres  of  the  corona  radiata  (Fig. 

2). 

nal  Capsule. — The  tliin  lamina  ot  white  matter  between  the  outer  aspect 

amen  and  the  claustrum  is  called  the  external  capsule.     This  joins  with 
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the  internal  capsule  in  front  of  and  behind  the  putamen,  and  in  this  manna  I 
lenticular  nucleus  is  encapsulated  by  white  matter. 

Morphological  Subdivision  of  the  Oerebral  Hemisphere.— In  many  respects  the 
tive  anatomy  of  the  human  cerebral  hemisphere  is  not  in  accord  with  the  facts  which  have 
acquired  regarding  its  mor})hological  evolution ;  and  of  recent  years  this  discrepancy  has ' 
more  marked  thnmgh  the  important  researches  of  Elliot  Smith. 

From  tlie  morphological  point  of  view  the  cerebral  hemisphere  may  be  regarded  ai  . 
composed  of  three  parts,  viz.  the  rhinencephalon,  the  corpus  striatum,  ana  the  neo-paliiiun. 

The  rhinencephalon  is  the  most  archaic  part  of  the  hemisphere,  and  in  the  Drains  < 
lower  vertebrates  (fislies,  amphibians,  reptiles)  it  constitutes  its  chief  bulk.  In  the  human 
it  is  represented  by  the  olfactory  bulb,  olfactory  tract  and  its  roote,  the  anterior  perf 
space,  tne  uncus,  the  gyrus  subcallosus,  the  septum  lucidum,  the  hippocampus,  fornix, 
deiitatus,  and  the  ^yriis  supracallosus. 

The  uncus,  with  the  aborted  lateral  stria  of  the  olfactory  peduncle,  is  all  that  remaim  _ 
human  brain  of  the  relatively  huge  pyriform  lol)e  of  many  of  the  lower  mammalsL  The  hi] 
camj>al  convoluti(m  which  lies  to  the  outer  side  of  the  dentate  fissure,  althoiu^h  it  miu 
tinuously  into  the  uncus,  is  not  a  part  of  the  rhinencephalon.  It  belongs  to  the  neo-pallii 
The  feeble  furrow,  termed  the  incisura  temporalis  whicn  separates  the  uncus  from  the  temi 
pole,  is  one  of  the  most  primitive  of  the  cerebral  fissures.  It  represents  the  rhinal  or  ecto-rl 
fissure — the  bounding  fissure  of  the  rhinencephalon. 

The  neo-pallinm  is  represented  by  the  rest  of  the  hemisphere,  exclusive  of  the  corpus  sti 
It  therefore  comprises  almost  the  whole  of  the  convoluted  cortex  on  the  surface  together  withikl 
a.**sociated  white  matter.     The  great  development  of  the  neo-pallium  in  man  is  one  of  the 
distinctive  characters  of  the  human  brain. 

In  their  phylogenetic  evolution  the  rhinencephalon  and  the  neo-palliuiii  appear  to  d( 
more  or  less  inaej)endently  of  each  other.     In  certain  cases  the  former  atrophies,  whilst 
neo-pallium  attains  a  high  degree  of  development  {e,g.  man,  monkey,  whale,  etc.),  in  othen  tk 
revei-se  development  occurs  {e.g.  hedgehog  and  many  other  mammals),  in  which  the  rhinenoephaka 
forms  a  large  i)art  of  the  hemisphere  and  the  neo-pallium  is  relatively  small 

Intimate  Structure  of  the  Cerebral  Hemisphere. 

The  cerebral  hemisphere  is  composed  of  an  external  coating  of  gray  matter, 
termed  the  cortex,  spread  over  an  internal  mass  of  white  matter,  which  is  called  the 
medullary  centre.     The  cortex  is  of  peculiar  interest,  seeing  that  there  is  good  reason  j 
for  believing  that  in  it  the  higher  functions  of  the  brain,  or  those  which  may  be  j 
classed  under  the  general  designation  of  the  intellectual  functions,  take  plaea    It  ' 
is  within  the  same  layer  of  gray  matter  that  the  influence  of  those  external  impres- 
sions, which  gain  access  to  the  cerebro-spinal  axis  through  the  senses,  finally  take 
shape  as  consciousness ;  and  in  it  also  are  placed  the  centres  which  carry  on  the 
psycho-motor  functions.     The  white  medullary  centre  is  composed  of  nerve-fibni 
which  constitute  the  paths  along  which  the  influence  of  impressions  is  carried  to 
and  from  the  cortex,  and  from  one  part  of  the  cortex  to  another. 

The  Cerebral  Cortex. 

The  gray  cortex  is  spread  over  the  entire  surface  of  the  cerebral  hemisphere,  but 
it  does  not  form  a  layer  of  equal  thickness  in  all  localities.  At  the  summit  of  s 
convolution  it  is  always  thicker  than  at  the  bottom  of  a  furrow.  The  maximum 
thickness  of  cortex  (about  6  mm.)  is  attained  in  the  upper  parts  of  the  two  centnl 
convolutions,  whilst  the  minimum  (aV)out  2*5  mm.)  may  be  observed  in  the  region 
of  th(^  occipital  pole.  The  amount  of  gray  cortex  differs  considerably  in  different 
individuals,  and  appreciably  diminishes  in  old  age.  It  is  also  stated,  but  upon 
imperfect  evidence,  that  it  is  relatively  more  abundant  in  the  male  than  in  the 
female. 

In  structure,  likewise,  marked  differences  may  be  noted  in  the  gray  cortex  of 
different  regions,  and  excellent  work  has  been  recently  done  in  the  direction 
of  connecting  these  structural  peculiarities  with  the  functional  characteristics 
of  particular  areas  and  applying  them  to  the  determination  of  morphological 
X)roidems  connected  with  the  cerebral  surface  (Campbell  and  Bolton).  In  certain 
l(.)C4ilities  this  structural  difference  is  quite  ap])arent  to  the  naked  eye  when  sections 
are  made  through  the  cortex.  There  are,  however,  no  sharp  transitions  in  structure. 
One  form  of  cortex  passes,  as  a  rule  gradually  and  almost  insensibly,  into  the  variety 
of  cortex  which  is  distinctive  of  an  adjoining  region,  and  throughout  the  whole 
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a  eeneral  ground  type  may  be  recognised.  It  is  only  to  those  general 
bursl  features  which  more  or  less  characterise  the  entire  cortical  layer  that  we 
be  able  to  refer. 

rhen  sections  are  made  through  the  fresh  brain,  and  the  cut  surface  is  closely 
Died,  it  will  usually  be  apparent  that  the  cortex  is  indistinctly  stratified.  On 
utaide  there  is  a  thin,  whitish  layer,  and  beneath  this  the  gray  matter  presents 
strata  of  very  nearly  equal  thickness,  viz.  a  middle,  gray-coloured  stratum  and 
mer,  yellowish-red  stratum.  Between  the  two  latter  layers  a  narrow  white 
is,  in  many  places,  visible.  This  is  termed  the  outer  band  of  Baillarger.  When 
ayers  indicated  above  are  present,  four  strata  superimposed  on  each  other  are 
poised ;  but  in  certain  regions,  as,  for  instance,  in  tlie  anterior  central  convolu- 
a  second  white  streak  traverses  the  deep  or  inner  gray  layer  and  divides  it  into 
This  is  termed  the  inner  white  band  of  Baillarger,  and,  when  it  is  present,  tlie 
cortex  becomes  divided  obscurely  into  six  alternating  white  and  gray  layers. 
'he  outer  band  of  Baillarger  is  strongly  marked  in  the  region  of  the  calcarine 
re  and  gives  a  characteristic  appearance  to  this  portion  of  the  cortex.  In  this 
ity  it  receives  the  name  of  the  band  of  Vicq  d'Azyr  or  the  stria  of  Gtonnari 
465,  p.  579). 

Lccording  to  Henschen  the  visual  centre  is  strictly  limited  to  the  region  in 
h  the  stria  of  Gennari  is  present.  Elliot  Smith  applies  the  name  of  "  striated 
"  to  this  cortical  district,  and  considers  that  it  affords  a  means  of  identifying 
>Iogous  sulci  in  the  brains  of  man  and  the  apes. 

o  obtain  a  full  uuderstanding  of  the  minute  structiu-e  of  the  cerebral  cortex  many 
ent  methods  must  be  employed,  and  it  is  only  by  combining  the  several  separate 
res  which  are  thxis  afforded  that  the  end  in  view  is,  in  some  measure,  reached. 
he  stratification  indicated  above  has  little  bearing  upon  the  more  essential  points  of 
ntimate  structure  of  the  cortex.  The  three  white  layers  are  brought  about  by 
igations  of  fibres  running  in  a  tangential  direction,  or,  in  other  words,  in  a  direction 
lei  to  the  surface  of  the  convolution. 

Icnre-cells. — According  to  the  arrangement  and  the  characters  presented  by  the 
^cells  which  are  met  with  at  different  depths,  it  is  now  usual  to  recognise  four  layers 
e  cortex.  These  are  :  (1)  the  stratum  zonale  ;  (2)  the  layer  of  small  pyramidal  cells  ; 
be  layer  of  large  pyramidal  cells ;  and  (4)  the  layer  of  polymorphic  cells. 
kS  the  pyramidal  cells  arc  specially  characteristic  of  the  cerebral  cortex,  we  shall,  in 
irst  instance,  describe  the  two  layers  which  contain  them.  The  difference  between 
5  two  layers  largely  depends  upon  the  difference  in  the  size  of  the  constituent  cells. 
m  together,  the  second  and  third  layers  constitute  the  chief  part  of  the  cortex  ;  they 
;e  insensibly  into  each  other,  and,  in  the  parietal  and  fronted  lobes,  the  layer  of  large 
luidal  cells  is  the  thickest  of  all  the  layers.  In  both  of  these  strata  the  pyramidal 
present  the  same  form,  and  apparently  also  similar  connexions. 

V  pyramidal  cell  has  a  triangular  outline.  Its  aj)ex  is  directed  towards  the  surface 
le  convolution  and  is  drawn  out  into  a  long,  tapering,  apical,  dendritic  process  ;  its 
is  turned  towards  the  medullary  centre  of  the  gyms,  and  from  this  (usually  from  the 
re)  a  slender  axon  proceeds.  Numerous  lateral  dendrites  are  given  oil'  from  both  sides 
le  cell-body,  and  particularly  from  the  two  basal  corners.  The  apical  dendrite  varies 
ngth,  according  to  the  depth  at  which  the  cell  is  placed  in  the  cortex.  In  every  case 
asses  straight  towards  the  surface  of  the  convolution.  Every  here  and  there  tine 
■al  branches  come  off  from  it,  and  ultimately  it  enters  the  stratum  zonale,  where, 
J  to  the  surface,  it  ends  by  breaking  up  into  a  large  number  of  fine  terminal  filaments, 
rh  spread  out  horizontally  in  every  direction  and  interlace  closely  with  the  corre- 
iding  filaments  of  other  pyramidal  cells  and  with  the  other  elements  of  this  layer. 
Fhe  axon  of  the  cell  descends,  gives  off'  collaterals,  assumes  a  medullary  sheath,  and 
n*  the  central  white  core  of  the  gyrus  as  a  nerve  fibre. 

The  stratum  zonale  is  chiefly  com{>osed  of  fibres  which  run  in  a  tangential  direction,  or, 
bher  words,  parallel  to  the  surface.  These  fonn  an  interlacement  of  considerable  density 
extreme  complexity.  The  elements  which  for  the  most  part  enter  into  the  formation 
his  feltwork  are :  (1)  the  terminal  filam(;nts  of  the  apiwil  dendrit<}S  of  the  pyramidal 
s;  (2)  the  terminal  filaments  of  certain  corticipetal  fibres,  which  enter  the  cortex  fi*om 
white  centre  of  the  gyms  ;  (3)  the  ax(jns  of  certain  small  cells  peculiar  to  this  stratum  : 
the  axons  of  the  cells  of  Martinotti.  Spread  over  the  surface  of  this  tangential  inter- 
)inent  of  fibres,  which  constitutes  the  most  important  part  of  the  stratum  zonale,  there 
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is  a  thin  layer  of  neuroglia  which  intervenes  between  it  and  the  pia  mater,  whic 
the  convolution.  The  stratum  zonale  is  not  devoid  of  nerve-cells,  although  t 
small  and  somewhat  indefinite  in  their  connexions.  The  most  chaFacteristic  f 
small  fusiform  cell  described  by  Cajal,  which  sends  out  from  either  end  a  loii| 

and  which  lies  in  tl 
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Fig.  469.- 


-DrAORAM  TO  Illustrate  Minute  Structure  of  the 
Cerebral  Cortex. 

E.  Small  pyramidal  cell. 

F.  Large  pyramidal  cell. 

G.  Cell  of  Martinotti. 
H.  Poljrmorphic  cell. 
K.  Corticipetal  fibres. 


g'  >  Neuroglia  cells. 

C.  Cell  with  short  axon  (N)  which  breaks 

up  in  a  free  arborisation. 

D.  Spindle -shapeil  cell  in  stratum  zonale. 


The  cell  of  Martinotti  is  small  and  is  chiefly  found  in  the  deeper  part  of  tl 
Its  leading  peculiarity  is,  that  its  slender  axon  runs  in  a  contrary  direction  to  the 
the  pyramidal  cells  and  of  the  polymorphic  cells.  In  other  words,  it  proceeds  toi 
surface,  and,  entering  into  the  stratum  zonale,  divides  into  terminal  filaments,  whit 
out  in  the  tangential  interlacement  characteristic  of  this  layer. 

Nerve-Fibres. — The  arrangement  of  the  nerve-fibres  can  best  be  studied  ii 
sections  through  the  gray  cortex,  which  have  been  specially  treated  with  thi 
view.  In  such  preparations  bundles  of  nerve-fibres  are  seen  to  radiate  into 
cortex  from  the  surface  of  the  white  centre  of  the  gyrus.  As  these  proceed  thr 
polymorphic  layer  into  the  layer  of  large  pyramidal  cells,  they  gradually  be< 
distinct,  and,  finally,  they  disperse  and  are  lost  to  view  before  they  reach  the 
small  pyramidal  cells.  In  the  intervals  between  the  radiating  bundles  the  pol 
and  large  pyramidal  cells  are  arranged  in  columns,  and  in  the  same  intervals 
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intercroBsing  fibres  is  evident.  After  the  radiating  fibre-bundles  have  dis- 
le  same  feltwork  of  fibres  is  visible  in  the  gray  matter,  and  consequently  it  is 
to  distinguish,  with  Edinger,  an  inter-radial  feltwork  and  a  supra-radial  felt- 
res  in  the  cortex.  The  fibres  which  enter  into  the  composition  of  the  difierent 
ilea  vary  in  number  from  ten  to  twenty,  and  they  gradually  diminish  in  number 
ceed  onwards.  This  diminution  is  due  to  their  joining  the  various  cells  that 
both  polymorphic  and  pyramidal)  as  their  axons.  The  fibres  in  a  given  bundle 
luch  in  size,  and  it  may  be  noticed  that  the  largest  fibres  disappear  in  the 
the  large  pyramidal  cells,  which  shows  clearly  that  it  is  with  these  that  they 
ted.  But,  in  addition  to  cell-axons,  the  radial  bundles  contain  fibres  of  an 
different  type,  viz.  corticipetal  fibres,  which  pass  through  all  the  layers  of  the 
end  in  fine  terminal  filaments  in  the  tangential  interlacement  of  the  stratum 

:«r-radial  and  supra-radial  feltwork  is  largely  formed  of  the  collaterals  which 
the  axons.  By  a  condensation  of  this  feltwork  the  two  bands  of  Baillarger  are 
'he  outer  band,  which  is  the  broader  and  better  marked,  occurs  in  the  deeper 

layer  of  the  large  pyramidal  cells.     The  inner  band,  when  present,  is  formed 
rficial  part  of  the  layer  of  polymorphic  cells, 
r  condensation  of  the  fibre-feltwork  in  the  superficial  part  of  the  supra-radial 

be  noted  in  certain  localities.     This  is  termed  the  band  of  Bechterew. 
)een  noted  that  up  to  a  certain  point  the  tangential  fibres  increase  in  quantity 
inces,  and  there  is  reason  to  believe  that  upon  the  richness  with  which  the 

is  supplied  with  fibres — more  especially  of  the  tangential  variety — depends  to 
t  the  intellectual  capacity  of  an  individual. 

the  general  mass  of  the  cortex  for  the  most  part  conforms  more  or  less  closely 
und-type  described  above,  showing  merely  deviations  characteristic  of  the 
^ions,  there  is  one  part  of  the  cortex,  viz.  the  coniu  ammonis  and  the  fascia 

which  the  structural  arrangement  of  the  elements  is  very  markedly  different, 
tent  this  is  due  to  the  complicated  manner  in  which,  in  this  region,  the  cortex 
)on  itself. 

Olfacttory  Tract  and  Bulb. 

ictory  tract  and  bulb  arise  as  a  hollow  outgrowth  from  the  primitive  cerebral 
I  many  animals  with  a  well-developed  olfactory  apparatus,  the  tract  and  bulb 
low  ;  but  in  man  the  central  cavity  becomes 

although  traces  of  the  original  hollow  persist 
e  of  ependymal  remains,  visible  in  the  centre 
•act   and   bulb.      Outside    these    ependymal 

a  coating  of  white  matter,  upon  which  is 
ray  matter.  The  gray  matter,  however,  is 
ms  uniformly  distributed  over  the  surface, 
t,  except  along  the  dorsal  edge,  it  is  so  thinly 
t  it  is  hardly  appreciable.  In  the  bulb,  on 
land,  there  is  very  little  gray  matter  on  the 
at  a  considerable  quantity  on  the  ventral 
id  it  is  into  this  that  the  delicate  nerves  which 
iranium  through  the  cribriform  plate  of  the 
ne  sink.  A  brief  description  of  the  structure 
•abnlbar  mass  of  gray  matter,  as  well  as  of 
ions  established  by  its  elements,  now  becomes 


res  of  the  delicate  olfactory  nen^es  are  to 
i  as  the  axons  of  the  olfactory  cells  of  the 
lucous  membmne.  They  enter  the  ventral 
:he  olfactory  bulb,  and  there  each  breaks  up 
jscent  fashion  into  a  tuft  of  terminal  filaments, 
ndrite  from  a  mitnil  cell  of  the  bulb  passes 
rds  this  terminal  tuft,  and,  coming  into  con- 
it,  breaks  up  and  terminates  in  a  similar 
n  this  way  a  large  number  of  globular  bodies, 
the  arborescent  terminations  of  a  n)itral 
id  of  certain  olfactory  nerve-tibres,  are  formed.  TJjese  are  the  olfactory 
►f  the  bulb.     The  mitral  cells  lie  deeper  in  the  olfactory  bulb.     Each  gives 
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ofT  several  dendrites  and  one  axon.  Only  one  dendrite  enters  into  the  formatioBi 
glomerulus,  but  several  nerve-fibres  may  bo  connected  with  such  a  body.  It  thus  I 
that,  through  its  dendrite,  a  mitral  cell  may  stand  in  connexion  with  several 
nerve-fibres.  The  axon  of  the  mitnil  cell  passes  upwards  to  the  white  matter  d  \ 
bulb,  enters  this,  and  is  conducted  through  the  tract  towards  the  cerebral  cortex. 

White  Medullary  Centre  of  the  Cerebral  Hemisphere. 


The  white  matter  of  the  hemisphere  which  lies  subjacent  to  the  gray  oorta 
composed  of  medullated  nerve-fibres,  arranged  in  a  very  intricate  manner.    A( 
ing  to  the  connexions  which  they  establish  these  fibres  may  be  classified  into 
distinct  groups,  viz.  (1)  commissural  fibres;  (2)  association  fibres;  and  (3)  proj 
lion  fibres. 

Commissural  Fibres. — These  are  fibres  which  link  together  portioas  of 
gray  cortex  of  opposite  cerebral  hemispheres.     They  are  arranged  in  three  grouf 
forming  three  definite  structures,  viz.  the  corpus  callosum,  the  anterior  commis^un 
and  the  psalterium  or  the  hippocampal  commissure. 

The  corpus  callosum  has  in  a  great  measure  been  already  studied  (p.  570}.  ii 
it  enters  each  hemisphere,  its  fibres  spread  out  in  an  extensive  radiation  (the  radi» 
tion  of  the  corpus  callosum).  It  thus  comes  about  that  every  part  of  the  cerebn 
cortex,  with  the  exception  of  the  bulbus  olfactorii  and  the  under  and  foreparts 
the  temporal  lobe,  is  reached  by  the  callosal  fibres.  But  it  should  be  clearly  uncb 
stood  that  all  the  regions  of  the  cortex  do  not  receive  an  equal  proportion  of  fibm; 
in  other  words,  some  cortical  areas  would  appear  to  be  more  plentifully  suppU 
thau  others.  Another  point  of  some  importance  consists  in  the  fact  that  the  callonl 
fibres  do  not,  as  a  rule,  connect  together  symmetrical  portions  of  the  gray  cortei 
As  the  fil)res  cross  the  mesial  plane  they  become  greatly  scattered,  so  that  mak 
dissimilar  parts  of  the  cortex  of  opposite  hemispheres  come  to  be  associated  witk 
each  other. 

Vjixch  callosal  fibre  arises  in  one  hemisphere  and  ends  by  fine  terminal  arborisatioDi | 
in  the  cortex  of  the  opposite  hemisphere.  It  may  arise  in  any  one  of  three  way8,vii] 
( 1 )  as  the  axon  of  one  of  the  cortictd  cells,  either  pyramidal  or  polymorphic ;  (2)  as  the  I 
collateral  uf  a  fibre  of  association  :  (3)  as  the  collateral  of  a  fibre  of  projection. 

Many  cases  have  been  recorded  in  which,  through  congenital  defect,  the  coipoi 
callosum  has  not  boon  developed.  In  the  description  of  this  structure  on  p.  570  atteiitioo 
has  been  called  to  a  layer  of  callosal  fibres  which  sweep  over  the  posterior  and  descendiog 
horns  of  the  latenil  ventricle,  w)  as  to  form  the  immediate  outer  wall  of  the  cavity.  Thii 
layer  is  called  the  tapetum,  and  it  has  been  stated  that  when  the  corpus  calloBum  ii 
absent  the  tapetum  is  found  in  a  well-developed  condition.  Further,  it  has  been  asserted 
that  in  cases  where  the  (.'or})us  callosum  has  been  experimentally  destroyed  the  tapetui 
sutlered  no  dc«reneration  (Muratotf).  (^Ttain  anatomists  are,  therefore,  inclined  to  azgoB 
that  the  tapetum  has  little  or  no  connexion  with  the  corpus  callosum.  This  asaertioii, 
however,  cannot  by  any  means  be  regarded  as  being  proved.  There  is  a  large  amount  ol 
evidence  on  the  other  side.  Thus,  Mingazzini  has  seen  a  case  of  failure  of  the  corpoi 
callosum  which  was  accompanied  by  a  corresponding  defect  in  the  tapetum,  whilst  soften- 
ing of  the  splenium  and  the  forceps  major  has  been  observed  by  Anton  to  be  accompanied 
bv  a  secondary  degeneration  of  the  tiipetum.  Further,  the  recent  experimental  evidence 
of  P'errier  and  Turner  would  appear  to  support  the  older  view  that  the  tapetum  is  associated 
in  the  closest  manner  with  the  corpus  callosum. 

The  anterior  commissure  (eommissura  anterior)  is  a  structure  supplemental  to 
the  corpus  callosum.  It  connects  together  the  two  olfactory  lobes,  and  also  portionfl 
of  op])osit('  temi)oral  lotes.  It  presents  a  cord-like  appearance  and  is  arranged  in 
the  form  of  a  horstvshoe,  the  concavity  of  which  looks  backwards.  The  middle  free 
portion  is  placed  imniediatt'ly  in  front  of  the  anterior  pillars  of  the  fornix  as  they 
curve  downwards,  and  also  in  intimate  relation  to  the  anterior  end  of  the  thiiJ 
ventricle.  Posteriorly,  the  small  portion  of  the  anterior  commissure  which  appears 
in  the  vtMitricle  Ixitween  the  two  pilLirs  of  the  fornix  is  clothed  with  the  ventricular 
eiK3ndyma:  anteriorly,  the  commissure  is  connected  with  the  lamina  cinerea  as  it 
stretclies  from  the  optic  chiasma  upwards  towards  the  rostrum  of  the  coi])U8 
callosum. 
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The  lateral  part  of  the  anterior  commissure  penetrates  the  cerebral  hemi8i)here, 
gaining  the  lower  part  of  the  anterior  end  of  the  internal  capsule,  divides  into 
portions,  viz.  a  small  lower  olfactory  part  and  a  much  larger  temjioral  part. 
rhe  olfactory  portion  of  the  anterior  commissure  is  an  exceedingly  small  fasci- 
I.  It  passes  downwards  and  forwards,  and  finally  enters  the  olfactory  tract. 
composed  (1)  of  true  commissural  fibres,  which  bind  one  olfactory  bulb  to  the 
: ;  and  (2)  of  other  fibres,  which  connect  the  olfactory  bulb  of  one  side  with 
emporal  lobe  of  the  other  side. 

"he  temporal  portion  is  formed  of  almost  the  whole  of  the  fibres  of  the  com- 
ire.  It  is  carried  transversely  outwards,  under  the  lenticular  nucleus,  until  it 
\  the  interval  between  the  globus  pallidus  and  the  putamen.     At  this  point  it 
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through  thf  left  hemisphen*  in  a  plane  a  short  distance  IxOiiml  H,  which  Ls  a  section 
througli  the  right  heniijiiihere. 


rigi's  its  direction  and  sweeps  backwards.  In  coronal  sections  through  the 
n,  behind  this  bend,  the  temporal  portion  of  thv.  antiirior  commissure  appears  as 
)val  bundle  of  fibres  cut  transversely  and  placed  in  close  contact  with  the  under 
'ace  of  the  lenticular  nucleus  (Fig.  468,  p.  582).  Finally,  it  turns  sharply  down- 
ds  on  the  outer  aspect  of  the  amygdaloid  nucleus,  and  its  fil)res  are  lost  in  the  white 
lullary  centre  of  the  temporal  lobe.  The  precise  part  of  the  cerebral  cortex  with 
ch  theHt»  fibres  stand  in  connexion  is  not  known.  When  the  lat(»ral  part  of  the 
erior  commissure  is  displaycTl  liy  dis.secttion,  it  is  seen  to  be  twisted  like  a  roj»e. 
The  iMudterinm,  or  the  hippocampal  commissure,  is  coni])^:^!^!  of  tibn^s  which  con- 
t  the  cornu  ammonis  of  one  side  with  the  corresponding  structure  of  the  opposite 
I     It  is  described  on  p.  572. 

Association  Fibres. — The  association  fibres  bind  together  different  jjortions  of 
cortex  of  the  same  hemisj^here.  They  are  grouped  into  long  and  short  aasocia- 
1  bundles. 

The  greater  numlK?r  of  the  short  ajseociation  fibres  i)ass  between  adjjicent 
ivolutions.  They  curve  round  the  bottom  of  the  sulci  in  U-»hiiped  loops.  Some 
these  occupy  the  deepest  part  of  the  gray  cortex  itself,  and  are  termed  intrar.orfical 
'^nation  fibres  (Yig,  469,  p.  586):  otlu»rs  lie  immediately  subjacent  to  the  gray 
itter — l>etween  it  and  the  general  ni.iss  of  the  white  matter — and  receive  the 
me  oi  subcortical  fibres.  Many  groups  of  short  assrx'iatioii  fibres,  instead  of  linking 
:ether  contiguous  convolutions,  piss  between  gyri  more  or  less  remote.     It  is  only 
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after  birth,  when  intellectual  effort  and  education  have  stimulated  different] 
of  the  cortex  to  act  in  harmony  and  in  conjunction  with  each  other,  thafc  I 
association  fibres  assume  their  sheaths  of  medulla  and  become  functional 

The  long  ajssociation  fibres  are  arranged  in  bundles  which  run  for  ( 
distances  within  the  white  medullary  centre  of  the  cerebral  hemisphere,  and  i 
districts  of  gray  cortex  which  may  be  far  removed  from  each  other.     The  ^ 
known  of  these  fasciculi  are  the  following :  (1)  the  uncinate ;  (2)  the  dng 
(3)  the  superior  longitudinal ;  (4)  the  inferior  longitudinal ;  (5)  the  occipito-fi 

The  fasciculus  uncinatus  is  composed  of  fibres  which  arch  over  the  stem  of  { 
Sylvian  fissure  and  connect  the  frontal  pole,  and  the  orbital  convolutions  cf  i 
frontal  lobe,  with  the  front  portion  of  the  temporal  lobe. 

The  cingulmn  is  a  very  well-marked  and  distinct  band,  which  is  closely  i 
with  the  limbic  lobe.     Beginning  in  front,  in  the  region  of  the  anterior  perfoi 
spot,  it  arches  round  the  genu  of  the  corpus  callosum  and  is  carried  backwankj 
the  upper  surface  of  this  structure  at  the  place  where  its  fibres  pass  into 


FlO.   472. — DiAORAH  OF  THE   IjBAOINO  ASSOCIATION   BUNDLES  OF  THE   CeRBBRAL   HeMISPHIRL 

(Founded  on  the  <lrawing8  of  Dtyerine.) 
A.  Outer  a.spect  of  hemiftphere.  B.  Inner  aspect  of  hemisphere. 

callosal  radiation.  The  cingulum,  therefore,  lies  under  cover  of  the  callosal  gyn 
and  stands  in  intimate  relation  to  the  white  centre  of  this  convolution  (Fig.  45! 
p.  570).  At  the  hinder  end  of  the  corpus  callosum  the  cingulum  turns  rona 
the  splenium  and  is  carried  forwards,  in  relation  to  the  hippocampal  gyrus,  to  th 
uncus  and  the  temporal  pole.  The  cingulum  is  composed  of  several  systems  o 
fibres  which  only  run  for  short  distances  within  it. 

The  fasciculus  longitudinalis  superior  is  an  arcuate  bundle  which  is  placed  on  thi 
outer  aspect  of  the  foot  or  basal  part  of  the  corona  radiata  and  connects  the  fomtil 
occipital,  and  temporal  regions  of  the  hemisphere.  It  lies  in  the  base  of  the  fironlO' 
parietal  operculum  and  sweeps  backwards  over  the  insular  region  to  the  posterkr 
end  of  the  Sylvian  fissure.  Here  it  bends  downwards  round  the  hinder  end  of  tin 
putamen  and  proceeds  forwards  in  the  tempor&l  lobe,  to  reach  its  anterior  eztiemitf. 
As  it  turns  downwards  to  reach  the  temporal  lobe  numerous  fibres  radiate  from  i 
into  the  occipital  lobe. 

The  fasciculus  longitudinalis  inferior  is  a  very  conspicuous  bundle  which  extendi 
along  the  whole  length  of  the  occipital  and  temporal  lobes  (Fig.  457,  p.  570).  In  flu 
occipital  lobe  it  is  placed  on  the  outer  aspect  of  the  optic  radiation,  which  takesa  similii 
direction  and  from  which  it  is  distinguished  by  the  greater  coarseness  of  its  fibre 
(Figs.  462,  p.  576 ;  465,  p.  578 ;  473,  p.  592).  It  is  not  present  in  the  macaqn 
monkey  (Ferrier  and  Turner),  but  is  well  developed  in  the  orang  and  the  chimpanzee 

The  fasciculus  occipito-fix)ntalis  is  a  bundle  of  fibres  which  runs  in  a  sagittal  dinctk 
in  intimate  relation  to  the  lateral  ventricle  (Fig.  46S,  p.  582).  It  has  been  pointed  w 
(Forel,  Onufrowicz,  and  others)  that,  in  cases  where  the  corpus  callosum  fails  to  develo 
the  tapetum  remains  apparently  unaffected,  and  Dejerine  has  endeavoured  to  prove  Uu 
the  fibres  of  this  layer  really  belong  to  tlie  fasciculus  occipito-froutalis.  According 
Dejerine,  the  fasciculus  occipito-fron talis  lies  on  the  inner  aspect  of  the  corona  radiate 
intimate  relation  to  the  caudate  nucleus,  and  posteriorly  it  spreads  out  over  the  upp 
and  outer  aspect  of  the  lateral  ventricle,  immediately  outside  the  ependynui^  woe 
it  constitutes  the  tapetum  (see  p.  588).     There  is  a  considerable  amount  of  literatu 
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with  this  subject,  and  the  most  probable  explanation  of  the  difficulty  would 
to  be  that  the  tapetum  is  composed  of  fibres  derived   from  both   the  corpus 
Bum  and  the  fasciculus  occipi  to-frontal  is  of  Dejerinc. 

Projection  Fibres. — The  projection  fibres  are  those  which  connect  the  cerebral 
with  nuclear  masses  placed  at  a  lower  level.  The  great  bulk  of  these  fibres 
found  in  the  corona  radiata.  This  has  already  been  seen  to  be  formed  by  the 
ioation  upwards  of  the  internal  capsule  (p.  583).  In  the  corona  radiata  the 
which,  lower  down,  are  gathered  together  in  the  compact  mass  which  con- 
ites  the  internal  capsule,  radiate  in  every  direction,  intersect  the  radiation  of 
corpus  callosum,  and  finally  reach  every  region  of  the  cortex.  Although  the 
of  the  corona  radiata  represent  the  chief  bulk  of  the  projection  fibres,  it  should 
be  b*>rne  in  mind  that  a  certain  number  gain  the  cortex  by  a  different  route, 
;bly  through  and  under  the  lenticular  nucleus  and  by  the  path  ofifered  by  the 

lal  capsule. 

The  projection  fibres  of  the  cerebral  hemisphere  may  be  classified  into  (1) 
Icipetal,  and  (2)  corticifugal  groups ;  and  under  these  headings  the  following 
it  strands  may  be  arranged : — 


Corticipetal  Projection  Strands. 

ThAlaiiio-cortical. 

Corticipetal  tibrea  of  the  optic  radiation. 

The  auditory  radiation. 


Corticifagal  Projection  Strands. 

1.  The  pyramidal  or  great  motor  tract 

2.  The  cortico-thalamic 

3.  The  fronto-pontine  strand. 

4.  The  temporo-pontine  strand. 

6.  The  corticifugal  fibres  of  the  optic  radia- 
I  tion. 


The  great  motor  or  pyramidal  tract  is  composed  of  fibres  which  arise  from  pyramidal 
"Cdls  in  that  portion  of  the  cortex  which  is  spread  over  the  Kolandic  area,  or,  in 
other  words,  in  the  district  immediately  in  front  of  the  fissure  of  Eolando.  The 
fibres  descend  through  the  corona  radiata  into  the  posterior  limb  of  the  internal 
capsule.  From  this  point  the  further  course  of  the  pyramidal  tract  has  been 
taced,  viz.  through  the  central  part  of  the  crusta  of  the  crus  cerebri,  the  ventral 
{ut  of  the  pons,  and  the  pyramid  of  the  medulla  oblongata.  At  the  level  of  the 
fcramen  magnum  it  decussates  in  the  manner  already  described,  and  enters  the 
^Hnal  cord  as  the  crossed  and  direct  pyramidal  tracts.  The  fibras  composing  these 
end  in  connexion  with  the  ventral  or  motor  colunm  of  cells,  from  which  the  fibres 
of  the  anterior  roots  of  the  spinal  nerves  arise. 

The  fironto-pontine  strand  is  composed  of  fibres  which  arise  as  the  axons  of  the 

cells  in  the  cortex  which  covers  the  portion  of  the  frontal  lobe,  which  lies  in  front  of 

the  pnecentral  furrows.     It  descends  in  the  anterior  limb  of  the  internal  capsule, 

enters  the  mesial  part  of  the  crusta  of  the  crus  cerebri,  through  which  it  gains  the 

Ventral  part  of  the  pons.     In  this  its  fibivs  end,  l)y  forming  arborisations  around  the 

cells  of  the  nucleus  j)onti8. 

The  temporo-pontine  tract  consists  of  fibres  which  spring  from  the  cells  of  that 
part  of  the  cortex  which  covers  the  middle  portions  of  tlie  two  upper  temporal  con- 
volutions.    It  probably  represents  a  corticifugal  tract  l.)elonging  to  the  auditory 
system,  seeing  that  it  springs  to  some  extent  from  the  auditory  corticfil  area.     The 
leuiporo-i>ontine  tract  passes  inwards  under  the  nucleus  lenticularis,  enters  the 
retrolenticular  part  of  the  hinder  limb  of  the  internal  capsule,  and  thus  gains  the 
outer  part  of  the  crusta  of  the  crus  cerebri.     From  this  it  descends  into  the  ventral 
part  of  the  pons,  in  which  it  ends  in  the  nucleus  j^ontis  (Fig.  431),  p.  o4G). 

The  optic  radiation  forms  a  very  definite  and  easily  demonstrated  tract  of 
longitudinally-directed  fibres  in  the  white  medullary  centre  of  the  occipital  lote. 
It  lies  on  the  outer  side  of  the  ventricular  cavity,  fnjm  which  it  is  separat(;d  by  the 
fibres  of  the  tapetum  and  the  e|>endyma  of  the  ventriclt^  (Figs.  4G2,  p.  oTO  ;  and  465, 
p.  579).  To  the  outer  side  of,  and  applit^d  closely  to,  the  ojjtic  radiation  is  another 
loQf^itudinal  tract  of  fibres  in  this  part  of  the  medulhirv  centre  of  the  cerebral  hemi- 
sphere, viz.  the  inferior  longitudinal  association  bundle ;  but  the  fibres  of  the  latter 
fasciculus  are  coarser  and  are  stained  more  deeply  by  the  Pal-Weig(Tt  method,  and 
thus  they  can,  as  a  rule,  be  ejisily  distinguished  from  the  optic  radiation.     Traced 
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in  a  backward  direction,  the  fibres  of  the  optic  radiation  disperse  and  pas 
'*;Ortex  of  the  occipital  lobe  on  both  its  mesial  and  outer  aspects.  This  is  s 
V^  interest,  seeing  that  the  visual  centre  is  placed  in  this  cortical  district,  a 
particularly  on  the  mesial  aspect  in  the  immediate  neighbourhood  of  the  c 
fissure  (Flechsig  and  Henschen).  When  the  optic  radiation  is  followed  in  a 
direction  it  is  seen  to  enter  the  retrolenticular  part  of  the  posterior  lim' 
internal  capsule,  from  whence  its  fibres  pass  to  the  pulvinar  of  the  optic  tl 
to  the  corpus  geniculatum  externum  and  the  superior  quadrigeminal  body. 

As  we  have  noted,  the  optic  radiation  is  composed  partly  of  corticifu 
partly  of  corticipetal  fibres  (p.  552).  The  former  arise  from  cells  in  the  • 
cortex  and  end  in  the  pulvinar  and  the  superior  quadrigeminal  body ;  the 
petal  fibres  arise  in  the  pulvinar  and  in  the  corpus  geniculatum  extern 
end  in  the  occipital  cortex  (Ferrier  and  Turner). 

The  system  of  fibres  which  belong  to  the  mesial  fillet  and  the  saperior  c 
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Fio.  473.  —  Coronal  Section  through  the  Lkitt  Side  ok  the  Cerebrum,  Mesenobphalox, 
IN  the  Keoion  of  the  Pulvinar  of  the  Thalamus,  and  the  Corpora  Gbniculata  (C 
Weigert-Pal  specimen). 

peduncle  have  been  already  more  or  less  fully  dealt  with  (pp.  535  and  539).  ' 
system  represents  the  continuation  upwards  of  the  posterior  columns  of  1 
The  first  nuclear  internodes  in  the  system  are  met  with  in  the  medulla  in  the 
the  cuneate  and  gracile  nuclei.  It  is  here  that  the  fillet  first  takes  definite  sh 
as  it  passes  upwards  through  the  tegmental  part  of  the  medulla  and  j.)ons,  it 
many  additions  to  its  strength  in  the  form  of  fibres  from  the  nuclei  of  ten 
of  the  afferent  cranial  nerves.  Finally,  passing  through  the  tegmentiii 
mesencephalon,  it  reaches  the  subthalamic  region  and  enters  the  ventral 
the  thalamus.  This  may  be  looked  upon  as  being  the  second  internode  la 
the  path  of  the  fillet,  and  its  fibres  end  in  arborisations  around  the  thalam 

The  fibres  of  the  saperior  cerebellar  peduncle  encounter  two  nuclear  intei 
they  pass  towards  the  cerebral  cortex,  viz.  the  red  tegmental  nucleus  and 
thalamus  (p.  536). 

The  fibres  of  the  auditory  radiation  arise  as  the  axons  of  cells  situate 
internal  geniculate  body.  They  enter  the  retrolenticular  part  of  the  poetei 
of  the  internal  capsule  and  proceed  under  the  lenticular  nucleus  tow« 
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Kporal  lobe.     Here  they  end  in  the  area  of  cortex  which  constitutes  the  auditor 
fcre.     This  corresponds  to  the  middle  portion  of  the  superior  temporal  convoh 
i,  and  also  to  the  rudimentary  transverse  gyri  of  Heschl,  which  are  present  ju 

insular  surface  of  the  temporal  operculum. 

The  thalamo-cortical  cortico-tlialamic  systems  include  the  fibres  which  constitute 
bmble  bond  of  connexion  between  the  thalamus  and  all  parts  of  the  cortex. 
ay  are  suflSciently  descril)ed  at  p.  545. 

The  remarkable  researches  of  Fiechsig  have  added  greatly  to  our  knowledge  of  tlie  dift'erent 
sto  of  fibres  in  the  cerebral  liemispTiere.  By  studying  the  periods  at  which  theso  tracts 
elinate  he  lias  been  able  to  note  the  manner  in  which  the  difFerent  areas  of  the  cortex  are 
md  together  and  also  linke<l.on  to  subjacent  centres.  He  hjis  arrived  at  a  highly  important 
tceptiou  n^nling  the  functional  value  of  different  districts  of  the  cortex,  founacHl  upon  their 
fctotnical  connexions.  He  recognifes  four  sense-areas  in  the  cortex,  viz.  the  sonuesthetic  aiea, 
»  Tisual  area,  the  auditory  area,  and  the  olfactory  area. 

The  BOniBStlietie  area  is  the  field  of  general  sensibility  and  is  the  most  extensive  of  all.  It 
ludes  the  two  central  convolutions,  the  i>osterior  portions  of  the  three  frontal  convolution.s,  the 
raeentral  convolution,  and  the  adjoining  part  of  the  callosal  convolution. 

The  Tisual  area  is  placed  on  the  inner  asjiect  of  the  occipital  lol>e,  and  more  particularly  in 
?  ininie<liate  neighbourhood  of  the  calcarine  fissure. 

The  auditory  area  corresponds  to  the  middle  third  of  the  superior  temporal  convolution 
d  to  the  transverse  gyri  of  Heschl. 

The  olfoctory  area  includes  the  locus  perforatus  anticus,  the  trigonum  olfactorium,  the 
terior  part  of  the  callosal  convolution,  and  the  uncus. 

These  sense-areas  are  peculiarly  rich  in  their  supply  of  i)rojection  fibres,  and  each  is  providKl 
th  an  extensive  system  of  both  corticifugal  and  corticipetal  fibres.     Thus  the  soma-sthetic  area 
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uli«' field  where  the  motor  pyramidal  tract  lakes  origin  and  williin  which  the  tracts  of  general 
ensiliility  en<l.  The  visual  area  hfis  the  cortieipetal  and  corticifugal  fibres  of  the  optic  radiation. 
The  auditory  area  litis  the  corticipetal  auditory  radiation  and  also  the  cortitiifugal  teinporo- 
Ktiitine  tnict.  In  man  the  olfactory  area  is  ft^ehly  developed,  and  Flechsig  has  not  been  able 
jM-stablish,  with  certainty,  its  corticii)etal  and  corticifugal  pi-ojection  tracts. 

Tlie  sense -are;is  differ  greatlv  from  each  other  in  tiie  extent  of  cerebral  surface  which  they 
over.  The  size  in  each  case  is  in  strict  conformity  with  the  peripheral  area  with  which  each  is 
n connexion.  It  can  easily  Ix?  understoo<l,  therefore,  how  tlie  sonuTsthetic  area,  rej>resenting  as 
t  does  on  the  cortex  all  the  parts  of  the  Ixxly  outsidtj  the  special  organs  of  sense,  from  wliich 
-ensory  nerves  proceed,  should  be  so  large.  Further,  it  is  manifest  why  the  visual  sensorial  area, 
vhich  in  the  cortex  is  the  corresponding  part  to  the  retina,  sliould  be  of  greater  extent  tlian  the 
mditory  field,  which  rei>resents  the  cochlea,  and  the  olfactory  area,  which  repn^sents  a  small 
iniount  of  olfactory  mucous  membrane  in  the  na.sal  chamber. 

The  four  s«'nsorial  areas,  taken  together,  only  form  about  one-thinl  of  the  entire  ceie)>ral 
'Urface.  The  remaining  two-thinls  "of  the  cortex  constitute  what  Flechsig  has  terme<.l  the 
ISSOCiation  centres.  The  great  extent  of  these  in  man  must  br  regarded  as  a  s])ecial  human 
characteristic  Thes«;  centres  differ  from  the  sensorial  areas  in  Inking  ])(M.)rly  provided  with  ]>ro- 
i^'ction  fibres.  They  have  little  direct  (connexion  with  the  centres  which  he  at  a  lower  level. 
Indeetl,  the  only  direct  lK)nd  of  union  over  a  very  large  extent  of  these  as.sociation  areas  with 
Iwer  centres  clmsista  of  the  tlialamo-cortical  fi})res,  wliidi  pass  U)  them  from  the  tlialamus. 
But,  on  the  other  hand,  they  are  rich  in  association  fibres,  and  are  linked  in  the  most  complete 
^nd  T>erfe<.*t  manner  by  the.se  fibres  to  the  sensorial  an-as. 

Flechsig  regards  these  assoi^iation  areas  as  constituting  the  portions  of  cortex  in  whicli  the 
higher  intellectual  activities  arc  carried  on,  and  he  furtlier  Wlieves  that  they  exercise  an 
important  controlling  influence  over  the  sense-an^is.  More  particularly  is  this  control  exhibited 
in  the  case  of  the  great  s^jmaisthetic  area,  within  which  the  influence  of  all  bodily  iinpre^ssions  is 
rw:eived  and  transformed  into  consciousness,  and  within  which  the  imjmlses  which  are  therebv 
42  * 
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excited  take  definite  form.  These  impulses,  according  to  Flecliaig,  are,  in  a  metnuc^j 
properly-balanced  minds,  held  in  subjection  by  the  higher  feelings^  which  aasumeshi^i 
association  centres. 

In  his  study  of  the  foetal  and  infantile  brain  Flechsig  has  shown  that  the  fibres  of  the « 
paths  become  medullated  in  the  first  instance ;  then  the  corticifuj^l  fibres  which  gooat  fio 
sense-areas  assume  their  sheaths  of  myelin ;  and,  further,  that  it  u  not  until  a  month  tfter 
and  after  the  projection  fibres  in  connexion  with  the  sense-areas  are  myelinated,  that  the  ai 
tion  areas  l)ecome  linked  on  by  medullated  association  fibres  with  the  sense-areas. 

Development  of  the  Parts  derived  from  the  Fore-brain. 

It  has  been  previously  noted  that  the  fore-brain  very  early  shows  an  obecan 
division  into  a  front  portion,  termed  the  telencephalon,  and  a  hinder  part,  calk 
diencephalon,  which  corresponds  more  nearly  to  the  original  cavity  of  the  ton- 
The  cavity  of  third  ventricle  is  derived  from  both,  and  stretches  forwards,  therefc 
the  lamina  terminalis,  which  in  its  lower  part  is  represented  in  the  adult  by  the  L 
cinerea. 

The  lateral  wall  of  both  sections  of  the  primitive  fore-brain  shows  a  subdivisia 
a  dorsal  or  alar  and  a  ventral  or  basal  lamina.  The  groove  which  indicates  this  s 
tion  is  the  sulcus  of  Monro,  and  is  evident  even  in  the  adult  brain. 

In  recogtiising  an  alar  and  basal  lamina  in  the  fore-brain  the  teaching  of  Profenor 
followed.  This  subdivision,  however,  is  not  admitted  by  all  observers,  and  some  hold  th 
fore-brain  is  to  he  regaixled  as  a  great  diverticular  expansion  which  grows  out  from  th< 
dorsal  and  alar  lamime  of  the  mesencephaloiL 

Alar  Lamina. — The  alar  part  of  the  lateral  wall  of  the  tdencephalon  is  push< 
to  form  the  diverticulum,  which  ultimately  constitutes  the  cerebral  hemisphere,  an< 
from  a  very  early  period  the  primitive  position  of  this  part  of  the  lateral  wall  is  ind 
by  the  wide  foramen  of  Monro,  or  aperture  of  communication  between  the  cavity  < 
cerebral  hemisphere  and  the  third  ventricle. 

The  alar  part  of  the  lateral  wall  of  the  diencephalon  is  utilised  for  the  developm 
the  thalamus,  the  epithalamus,  and  the  metathalamus.  Of  these  the  optic  thahu 
derived  from  the  anterior  and  by  far  the  greatest  part  of  the  alar  wall.  It  arisi 
large  oval  swelling,  which  gnidually  approaches  its  fellow  of  the  opposite  side,  anc 
diminishes  the  width  of  the  third  ventricle.  Finally,  the  two  bodies  come  into  cont 
the  mesial  plane  and  cohere  over  an  area  corresponding  to  the  gray  commissure, 
occurs  about  the  end  of  the  second  month. 

From  that  section  of  the  lateral  wall  to  which  the  name  of  metathalamus^is  giv 
two  geniculate  bodies  arise.  E^ch  of  these  shows,  in  the  first  place,  as  a  depress 
the  inside,  and  a  slight  elevation  on  the  outside,  of  the  wall  of.  the  diencephalon.  . 
thalamus  grows  l^ackwards,  it  encroaches  greatly  upon  the  territory  occupied  by  th< 
culate  bodies.  It  thus  comes  about  that  in  the  adult  brain  the  internal  geniculate 
seems  to  hold  a  position  on  the  lateral  aspect  of  the  mesencephalon,  whilst  the  ei 
geniculate  body,  viewed  from  the  surface,  appears  to  be  a  part  of  the  thalamus. 

PVom  the  cpithalamic  region  of  the  wall  of  the  diencephalon  are  developed  the 
gland,  its  peduncle,  and  the  habenular  region.  These  parts  are  relatively  much 
evident  in  the  embryonic  than  in  the  adult  brain.  The  pineal  body  is  develope 
diverticulum  of  the  posterior  part  of  the  roof  of  the  diencephalon.  Viewed  fn» 
dorsal  aspect  of  the  brain-tube,  this  diverticulum  shows  in  the  first  instance  as  a  ro 
elevation,  fn^ni  either  side  of  which  a  broad  ridge  runs  forwards.  This  ndge  be 
the  ttenia  thalami,  whilst  in  the  region  of  its  junction  with  the  pineal  elevati( 
trigonum  habenulaj  takes  shape.  The  pineal  diverticulum  ultimately  becomes  soli 
a  small  portion  of  the  original  cavity  is  retained  as  the  recessus  piuealis  of  the 
ventricle. 

Basal  Lamina. — The  part  of  the  diencephalon  and  telencephalon  which  repi 
the  basal  lamina  lies  below  the  level  of  the  sulcus  of  Monro,  retains  its  primitive  for 
undergoes  only  slight  change.  Consequently,  when  this  region  in  the  adult  brain  i 
pared  with  the  corresponding  region  in  the  embryonic  brain,  the  resemblance  betwc 
two  is  very  striking. 

In  the  fore-brain,  therefore,  it  is  the  alar  lamina  which  plays  the  predominant  { 
the  formation  of  the  cerebrum.  The  value,  also,  of  the  basal  part  of  the  wall  • 
portion  of  the  neural  tube  is  still  further  reduced  by  the  fact  that  it  no  longer  a 
the  nuclei  of  origin  of  efferent  nerves.  The  highest  of  these  nuclei  (the  oculo-mc 
placed  in  the  mesencephalon. 
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m  of  the  fore-brain  which  lies  below  the  sulcus  of  Monro  is  termed  the  hypo- 
rhe  part  of  this  which  corresponds  to  the  dieucephalon  is  called  the  pars 
is  hypothalami, 
xt  in  fronts  which 
he  telencephalon, 
lame  of  pars  optica 

^  pars  mammillaris 
are  derived  the 
nmillare  and  a 
le  tuber  cinereum. 
»ars  optica  hjpo- 
i  associated  the 
rts,  viz.  the  tuber 
ith  the  infundi- 
the  cerebral  part 
iry  body,  the  optic 

optic  recess,  and 
inerea. 

pora  mammillaria 
)  first  instance,  a 
large  downward 
the   floor  of   the 

As  development 

bulging  becomes 
all,  and  about  the 
h  the  single  pro- 
mes  divided  into 
Tcles. 
fundibulum     and 

cerebral  lobe  of 
y  body  are  de- 
hollow  downward 

of   the   floor  of 
lalon  (p.  549).      A       ^'*'-  475.— Two  Drawings  op  the  Embryonic  Brain  (by  His), 
le  ori<nnal   cavity  ^*  Reconstruction  of  the  fore-brain  and  mid-brain  of  His's  embryo  KO  ; 
n   the^UDoer  nart         profile  view.     B,  Same  brain  as  A,  divide<l  along  the  mesial  plane 
...     .  J  ^^^^  viewed  uiK)n  its  inner  aspect. 

llbulum,  and  con-  ^^  Mammillary  eminence  ;  T.c,  Tuber  cinereum  ;  Hp,  llypophysis 
ifundibular  recess  (pituitary  diverticulum  from  buccal  cavity);  Opt,  Optic  stalk; 
the  third  ventricle.  TH,  Oi)tic  thalamus;  Tg,  Tegmental  part  of  mesencephalon  ;  P.s, 

'  nerve   is  cllieflv  ^*^  subthalamica  ;  C.s,  Corpus  striatum  ;  F.M,  Foramen  of  Monro  ; 

M  t•^  Li  Lamina  term iualis  ;  R.0,  Recessus  opticus  ;  R.i.  Recessus  infun- 

e  passage  of  hbres        .ily^y^^^^ 

from    the    retina 

>f  tlie  original  optic  stalk,  whilst  the  chiasma  takes  form  by  the  transit  of 
the  middle  line  in  front  of  the  infundi]>ulum  and  behind  the  optic  recess.  To 
t  these  fibres  are  derived  from  the  optic  nerve.  The  optic  recess  of  the  third 
•ks  the  spot  where  the  hollow  optic  vesicle  originally  bulged  out  from  the 
eral  part  of  the  fore-brain,  and  in  the  adult  it  therefore  represents  a  portion 
ive  cavity  of  the  tubular  stalk  of  the  optic  vesicle.  In  the  course  of  develop- 
ic  nerve  fibres,  which  appear  in  the  stalk  of  the  optic  vesicle  to  form  the 
;cek  an  attachment  much  further  back,  and  through  the  optic  tract  they  are 
as  far  as  the  mesencephalon. 

of  the  fore-brain  remains  thin,  and  does  not  proceed  to  the  development 
ernents,  except  in  its  posterior  part.  Here  it  forms  the  pineal  body  and  the 
imissure.  In  front  of  these  structures  the  roof  of  the  fore-bmin  is  epithelial, 
so  during  life.  It  constitutes  the  epithelial  roof  of  the  third  ventricle,  and 
voluted  along  the  middle  line  into  the  cavity  by  the  choroid  plexuses  of  the 
he  j)Osterior  commissure  appears  as  a  transverse  thickening  at  the  Iwttom  of 
groove  which  appears  in  the  roof  of  the  early  brain-tube  behind  the  pineal 

I  Hemisphere. — The  cerebral  hemisphere  is  derived  from  the  alar  section 

wall  of  the  telencephalon.     From  this  it  grows  out  and  soon  assumes  very 

ions.     At  first  it  grows  forwards  and  upwards,  and  a  distinct  fissure,  the 
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early  incisura  longitudinalis  cerebri,  appears  between  the  cerebral  hemiapheiH! 
opposite  sides.  The  separation  of  tlie  two  cerebral  vesicles  by  the  longitudioil  M 
begins  at  the  cud  of  the  first  month.  This  fissure  becomes  occupied  bj  meaoblastie  til 
which  later  on  forms  the  falx  cerebri.  The  cerebral  hemisphere,  in  its  further  gnnH 
carried  progressively  backwards  over  the  hinder  parts  of  the  deyeloping  brain,  il 
end  of  the  third  month  it  has  covered  the  optic  thalamus.  A  month  later  it  reacfaa 
corpora  quadrigemina,  and  by  the  seventh  month  it  has  not  only  covered  these,  but 
the  entire  upper  surface  of  the  cerebellum. 

At  the  end  of  the  first  month  the  olfactory  lobe  grows  out  as  a  hollow  protrusioD : 


INCAL  WVCRTieULUM 
IITATHALAMUS 


PITUITAKY  OWCimCULIIIi 
MCCn      CHIASMA 

Fig.  476. — Two  Drawings  by  His,  illustrating  the  development  of  the  hummn  brain. 

A,  Median  section  through  a  foptal  human  brain  in  the  third  month  of  development. 

B,  Schema  showing  the  directions  in  which  the  cerebral  hemisphere  expands  during  its  growth. 

P.M.H.  Pars  mammillaris  hypothalami.  M.   Mamraillary  region.  O.  Occipital  loW 

P.O.H.    Pars  optica  hypothalami.  F.  Frontal  lol)e.  T.  Temporal  loh 

P.   Parietal  lolje. 

the  lower  and  fore  part  of  the  cerebral  vesicle.  I'his  in  course  of  time  becomes  solid 
forms  the  olfactory  tract  and  bulb.  In  the  adult  brain  the  point  which  correspoiM 
the  original  connexion  between  the  early  hollow  olfactory  diverticulum  and  the  cavil 
the  cerebral  vesicle  is  represented  by  the  extremity  of  the  anterior  comu  of  the  la 
ventricle. 

In  the  floor  of  the  hollow  cerebral  hemisphere  a  thickening  takes  origin,  and 
ultimately  is  developed  into  the  corpus  striatum.  On  the  outer  surface  of  the  vesicle 
thickening  is  seen  to  correspond  to  a  depression  which  constitutes  the  early  Sylvian  f 
the  further  development  of  which  is  described  on  p.  556. 

In  the  earlier  stages  of  its  development  the  cerebral  hemisphere  is  a  thin-walled  ve 
with  a  relatively  large  cavity,  which  represents  the  primitive  condition  of  the  la 
ventricle.  At  first  the  vesicle  is  bean-shaped  and  the  cavity  is  curved.  At  this  stag< 
outline  is  very  similar  to  that  presented  by  the  cerebral  hemisphere  of  a  quadruped, 
there  is  little  or  no  trace  of  an  occipital  lobe  or  of  a  posterior  horn  of  the  lateral  vent 
As  development  goes  on,  however,  the  occipital  portion  of  the  hemisphere  grows  backi 
over  the  cerebellum  in  the  shape  of  a  hollow  protrusion,  and  a  distinct  occipital 
enclosing  the  posterior  horn  of  the  lateral  ventricle  is  the  result  This  developm< 
stage,  which  is  distinctive  of  man  and  the  apes,  begins  about  the  fourth  month. 

On  the  mesial  aspect  of  the  cerebral  hemisphere,  in  the  early  stages  of  its  developo 
an  invagination  of  the  wall  of  the  vesicle  takes  place  into  the  cavity  immediately  a 
and  behind  the  large  foramen  of  Monro.  Tliis  is  the  choroidal  fissure,  and  the  fold  o 
cerebral  wall,  which  is  thus  thrust  into  the  cavity,  remains  thin  and  entirely  epith 
After  a  time  mesoblastic  tissue  from  the  great  longitudinal  fissure  finds  its  way  iaU 
choroidal  fissure  and  occupies  the  interval  between  the  two  thin  layers  which  form  the 
This  mesoblastic  tissue  forms  the  choroid  plexus  of  the  lateral  ventricle,  and  in  the 
stages  of  the  hemisphere  it  is  so  voluminous  that  it  fills  up  the  relatively  large  cavi 
the  lateral  ventricle. 

Development  of  the  Gyri  and  Sulci.— In  the  early  stages  of  its  development 
surface  of  the  cerebral  hemisphere  is  smooth  and  closely  applied  to  the  deep  aurffl 
the  cranial  capsule  within  which  it  is  enclosed. 

After  the  occipital  lobe  is  fully  formed  and  the  fifth  mouth  is  reached,  the  era 
grows  for  a  time  more  rapidly  than  the  brain,  with  the  rosult  that  a  relatively  wide  apt 
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tween  the  cerebral  surface  and  the  surrounding  cranial  envelope.  This  is  occupied 
leu  subarachnoid  tissue,  and  when  this  stage  is  reached  (in  the  latter  part  of  the 
nth)  the  sulci  and  gjri  begin  to  make  their  appearance.  The  incomplete  sulci  owe 
r  origin  to  the  upheaval  of  the  cerebral  cortex  on  either  side  of  the  appearing  fissures, 
the  gyri  which  bound  them  are  formed  as  the  result  of  an  exuberance  of  surface 
in  localised  areas.  Owing  to  the  wide  interval  between  the  cranial  wall  and  the 
!  of  the  cerebral  hemisphere,  the  particular  surface  areas  which  grow  and  foreshadow 
J  future  gyri  suffer  no  restriction,  and  they  take  the  form  of  rounded  eminences  which 
)  from  the  general  surface  level  of  the  cerebral  hemisphere.  As  growth  goes  on,  how- 
r,  the  brain  gradually  assumes  a  bulk  more  nearly  in  accord  with  the  cavity  of  the 
■nium,  and  the  space  for  extension  becomes  more  limited.  Finally,  about  the  beginning 
the  eighth  month,  the  g}'ral  elevations  come  into  close  contact  with  the  cranial  wall, 
d  a  stage  of  growth-antagonism  between  the  brain  and  its  enclosing  capsule  is  entered 
As  a  result  of  this  the  gyri  are  pressed  together,  the  fissures  assume  more  definite 
^BMpe,  and  the  ordinary  convolutionary  forms  make  their  appearance.  So  intimate,  indeed, 
'j^m  the  contact  between  the  cerebral  hemisphere  and  the  skull  capsule  that  the  gyri,  to 
0iOme  extent,  produce  an  imprint  on  the  deep  aspect  of  the  cranial  bones. 

As  already  explained,  the  complete  fissures  are  produced  by  an  infolding  of  the  wall 
^atf  the  cerebral  vesicle. 

Cerebral  Commissures. — The  development  of  the  cerebral  commissures  is  sur- 
^rvQnded  with  much  diflSculty.  It  would  seem  that  the  corpus  callosum,  the  anterior 
^SODDiissure,  and  the  fornix  all  take  origin  in  the  lamina  terminalis.  The  triangular 
SaiteiTal  which  is  left  between  these  commissures  is  occupied  by  the  septum  lucid  um — a 
^rtncturc  which  has  an  intimate  developmental  and  morphological  connexion  with  the 
fljras  subcallosus.  The  great  development  of  the  corpus  callosum  in  man  is  to  be 
^■ociated  with  the  enormous  expansion  of  the  human  neo-pallium  of  which  it  is  the 
oimmissure. 

Weight  of  thb  Brain. 

The  average  weight  of  the  adult  male  brain  may  be  said  to  be  about  1360 
Cammes.  The  female  brain  weighs  rather  less,  but  this  is  to  be  expected  from  the 
Uialler  bulk  of  the  female  body.  Probably  the  relative  weight  of  the  brain  in  the 
two  sexes  is  very  much  the  same.  The  variations  met  with  in  brain-weight  are 
Very  great,  but  it  is  doubtful  if  normal  intellectual  functions  could  be  carried  on  in 
»  brain  which  weighs  less  than  960  grammes.  In  microcephalic  idiots  brains  of 
extremely  small  size  are  met  with. 

THE  MENINGES  OF  THE  BRAIN  AND  SPINAL  CORD. 

The  brain  and  spinal  cord  are  enclosed  within  three  membranes,  which  are 

termed  the  meninges  or  meningeal  membranes.     From  without  inwards    these  are : 

(1)  the  dura  mater,  (2)  the  arachnoid  mater,  and  (3)  the  pia  mater.     The  space 

between  the  dura  mater  and  the  arachnoid  receives  the  name  of  subdural  space, 

while  the  much  more  roomy  interval  between  the  arachnoid  and  the  pia  mater  is 

called  the  subarchnoid  space. 

Dura  Mater. 

The  dura  mater  is  a  dense  and  thick  fibrous  membrane  which  possesses  a  very 
considerable  degree  of  strength.  Its  arrangement  within  the  cranial  cavity  is  so 
different  from  that  within  the  spinal  canal  that  it  is  customary  to  8p<*ak  of  it  as 
consisting  of  two  j)arts,  viz.  a  cranial  and  a  spinal,  although  in  adopting  this  sub- 
division it  must  be  cleiirly  understood  that  both  portions  are  continuous  with  each 
other  at  the  foramen  magnum. 

Cranial  Dura  Hater  (dura  mater  cerebri). — The  cranial  dura  mater  is  adherent 
to  the  inner  surface  of  the  cranial  wall,  and  performs  a  double  office.  1 1  serves  as 
an  internal  periosteum  for  the  bones  which  it  lines  and  constitutes  an  envelope 
for  the  brain.  Its  inner  surface,  which  bounds  the  suWural  space,  is  smooth  and 
glistening,  and  is  covered  by  a  layer  of  endothelial  cells.  The  outer  surface,  when 
separated  from  the  cranial  wall,  is  rough,  this  l>eing  due  to  numerous  fine  fibrous 
processes  and  blood-vessels  which  pass  between  it  and  the  bones.  Its  degree  of 
i2b 
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adhej^ion  w  Lhe  cranisil  wall  differs  coosideraMy  in  diifert^ut  re^iona.    To  U19I 
of  the  crauium,  exce|»t  aloDg  the  liaes  of  the  suture^,  the  con 
sU'oiig,  and  in  the  inl^rval^  Ijeiwecn  tlie  fibrous  prooeasea  wh 
there  are  small  Ijraph  spaces  (epidural  spaces)  where  the  outer  suriaoe 
membrane  is  covered  by  endothelial  eel  la     So  long  as  the  sutures  are 
dura  mater  is  connected  with  the  periosteum  on  the  exterior  of  the  skull,  at 
sutural  lines,  by  a  thin  layer  of  fibrous  tiBBue  which  inl^rvenes  lietv 
margins.     Aruiind  the  foramen  magnum,  at»d  to  the  floor  of  the  cni:. 
mater  is  very  firnily  atlherent.     This  m  more  fiarticidtirly  innrked  in  Lhn  vav^ 
projecting  |mrta  of  the  cranial  Hoor,  as»  for  example*  tite  jx^troui  ix)ni«>ii*t  j 
temporal  bones,  the  clinoid  processes,  and  so  on.     This  tirm  adiieaion  m\ 
regions  is  still  further  sirengiheiied  hy  the  fact  that  the  nerves,  aa  tlmy  1 
cranium  through  the  various  foramina,  are  followed  by  slieatha  of  ifie  lit 
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[uturnsJ  i?4toUiJ  jtrl*ry 
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Piti,  477.— 'Saotttal  Sicrms  THntJtJ<ifl  Tarn  Hkull,  a  little  to  tmi  LBrr  of  thb  Meul 
in  nhovf  tbe  armngenietit  of  the  iSnrii  muter. 

Tlie  crmtial  iier\'ei«  art?  iiHlicnt**!  by  nuJuetalB. 

mater.     Outside  the  cranium  these  prolongations  of  the  membrane  blend 
tibrous  iheaths  of  the  nerves,  and  likewise  become  connected  \s  itli  the  yieriust 
the  exterior  of  the  ®kiill.     In  the  child,  tluring  the  growth  of  the  cranial  bon 
also  in  old  age,  tlie  dura  mater  is  more  adherent  to  the  cranial  wall  than  due' 
inter  mediate  portion  of  life. 

'Hie  cranial  dura  mater  is  composed  of  two  layers  intimately  connect 
t'acli  other,  but  yet  capable  of  heioi^  denionstrfitf3(i  in  most  regions  of  the  ci 

Aloiij^  certain  lines  tliese  two  layers  Hepiirate  from  cacli  other  so  as  to  form  cl 

lined  hy  endotheliuuL    The^e  channels  are  the  Tenons  blood -sinuses  wliich  receive] 
blood  from  veina  which  come  from  \arious  parts  of  the  brain.     They  am  de 
in  the  section  di?aljng  with  the  Vascular  System* 

Strong  fibrous  partitions  or  septa  are  given  off  along  oertidn  lines  frfiui  tl 
surface  of  'the  dura  mater.  These  project  into  the  cranial  cavity,  and  sulnf 
partially  into  compartments  which  all  freely  commnmcate  with  each  otlj 
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of  which  contains  a  definite  subdivision  of  the  brain.     These  septa  are :  (1)  the 

cerebri;  (2)  the  tentorium  cerebeUi;  (3)  the  falx  cerel)eUi;  and  (4)  the 
biagma  sellse. 

The  Iklz  eazebri  is  a  sickle-shaped  partition  which  descends  in  the  great  lougi- 
Qal  fissure  between  the  two  hemispheres  of  the  cerebrum.  In  front  it  is  narrow, 
attached  to  the  crista  galli  of  the  ethmoid  bone.  As  it  is  followed  backwards 
icreaaes  in  breadth,  and  behind  it  is  attached  along  the  mesial  plane  to  the 
ff  surface  of  the  tentorium.  The  anterior  narrow  part  of  the  falx  is  frequently 
iform,  and  is  sometimes  perforated  by  apertures  to  such  an  extent  that  it  almost 
nbles  lace-work.  Along  each  border  it  splits  into  two  layers,  so  as  to  enclose  a 
l-8inu&  Along  its  upper  convex  attached  border  runs  the  great  longitudinal 
s ;  along  its  concave  free  border  courses  the  much  smaller  in/erior  longitiuHnal 
s ;  whilst  along  its  attachment  to  the  tentorium  is  enclosed  the  straight  sinus, 
The  tentorium  cerebelli  is  a  large  crescentic  partition  of  dura  mater,  which  forms 
embranous  tent-like  roof  for  the  posterior  cranial  fossa,  and  thus  intervenes 
een  the  posterior  portions  of  the  cerebral  hemispheres  and  the  cerebellum.  It 
curately  applied  to  the  upper  surface  of  the  cerebellum.    Thus  its  highest  point 

front  and  in  the  mesial  plane,  and  from  this  it  slopes  downwards  towards  its 
*hed  border.  It  is  kept  at  a  high  degree  of  tension,  and  this  depends  on  the 
nrity  of  the  falx  cerebri,  which  is  attached  to  its  upper  aspect  in  the  mesial 
e. 

'he  posterior  border  of  the  tentorium  is  convex,  and  is  attached  to  the  hori- 
al  ridge  which  marks  the  deep  surface  of  the  occipital  bone.     Beyond  this,  on 

aide,  it  is  fixed  to  the  postero-inferior  angle  of  the  parietal  bone,  and  then 
ards  along  the  superior  border  of  the  petrous  portion  of  the  temporal  bone. 
n  the  internal  occipital  protuberance  to  the  postero-inferior  angle  of  the 
ital  bone  this  border  encloses  the  lateral  Uood-sinus,  whilst  along  the  upj)er 
er  of  the  petrous  bone  it  encloses  the  superior  petrosal  sinus,  Tlie  anteHor 
er  of  the  tentorium  is  sharp,  free,  and  concave,  and  forms  with  the  dorsum 
I*  an  oval  opening  shaped  posteriorly  like  a  pointed  arch.  This  opening  receives 
name  of  the  incisnra  tentorii,  and  within  it  is  placed  the  mesencephalon,  or  the 
V  of  connexion  between  the  parts  which  lie  in  the  posterior  cranial  fossa  and 
cerebrum.  Beyond  the  apex  of  the  petrous  part  of  the  temporal  bone  the  two 
■rins  of  the  tentorium  cross  each  other  like  the  limbs  of  the  letter  X;  the  free 
gin  is  continued  forwards,  to  be  attached  to  the  anterior  clinoid  process,  wliilst 
attached  border  proceeds  inwards,  to  be  fixed  to  the  posterior  clinoid  i)roces8. 
The  falx  cerebelli  is  a  small,  sickle-shaped  process  of  dum  mater  placed  below 
tentorium,  which  projects  forwards  in  the  mesial  plane  from  the  inU^rnal  occi- 
1  crest.  It  occupies  the  notch  which  separates  the  two  hemispheres  of  the 
iK^llum  posteriorly.  Inferiorly  it  bifurcates  into  two  small  diverging  ridges 
;h  gradually  fade  away  as  they  are  traced  forwards  on  either  side  of  the  i'oranien 
num. 

rhe  diaphragma  sellae  is  a  small  circular  fold  of  dura  mater  which  forms  a  roof 
the  pituitary  fossa.  A  small  opening  is  left  in  its  centre  for  the  transmission 
he  infundiV)ulum. 

Bpinal  Dura  Mater  (dura  maUn*  spinalis). — In  the  spinal  canal  the  dura  mater 
IS  a  tube  which  encloses  the  spinal  cord,  and  which  exttnids  from  the  foramen 
:num  above  to  the  level  of  the  second  or  third  piece  of  the  siicruni  below.  It 
ery  loosely  applied  to  the  spinal  cord  and  the  nerve-roots  which  form  the 
la  equina ;  in  other  words,  it  is  very  capacious  in  comparison  with  the  volume 
.3  contents.  Moreover,  its  calibre  is  not  uniform.  In  the  cervical  and  luml>ar 
ons  it  is  considerably  wider  than  in  the  dorsal  region,  whilst  in  the  sacral 
d  it  rajmlly  contracts,  and  finally  ends  by  blending  with  the  filuni  terminate 
irnum,  the  chief  bulk  of  wiiich  it  forms.  At  the  up]:>er  end  of  the  spinal 
d  the  spinal  dura  mater  is  firmly  fixed  to  the  third  cervical  vertebra,  to  the 

vertebra,  and  around  tlie  margin  of  the  foramen  magnum.  In  the  sacral 
d  the  filum  terminale  externum,  with  which  it  blends,  extends  downwards  to 
back  of  the  coccyx,  to  the  periosteum  of  which  it  is  fixed.  The  lower  end  of 
tube  is  thus  securely  anchortnl  and  held  in  its  place. 
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Within  the  cranial  cavity  the  dura  mater  is  closely  adherent  to  the  txHMi^i 
forms  for  them  an  internal  periosteum.  As  it  is  followed  into  the  spinal  ounl 
two  constituent  layers  separate.  The  inner  layer  is  carried  downwards  as  thel 
cylindrical  tube  which  encloses  tlie  spinal  cord.  The  outer  layer,  which  is  a 
thinner,  becomes  continuous  behind  and  on  each  side  of  the  foramen  magnum  i 
the  periosteum  on  the  exterior  of  the  cranium,  whilst  in  front  it  is  pioki 
downwards  into  the  vertebnil  canal  in  connexion  with  the  periosteum  and  ligam 
on  the  anterior  wall  of  the  canal.  The  spinal  dura  mater,  therefore,  coirespcmd 
the  inner  layer  of  the  cranial  dura  mater,  and  to  it  alone.  It  is  separated  &om 
walls  of  the  spinal  canal  by  an  interval,  the  epidural  space,  whioh  is  oocupied 
soft  fat  and  a  plexus  of  tliin-walled  veins.  In  connexion  with  the  spinal  ( 
mater  there  are  no  blood-sinuses  such  as  are  present  in  the  cranial  cavity,  bi 
should  be  noted  that  the  veins  in  the  epidural  space,  placed  as  they  are  heU 
the  periosteum  of  the  spinal  canal  and  tube  of  dura  mater,  occupy  the  i 
morphological  plane  as  the  cranial  blood-sinuses.  Another  feature  which  serv 
distinguish  the  spinal  dura  mater  from  the  cranial  dura  mater  consists  in  the 
that  it  gives  off  from  its  deep  surface  no  partitions  or  septa. 

The  cylindrical  tube  of  spinal  dura  mater  does  not  lie  absolutely  free  w 
the  vertebral  canal.  Its  attachments,  however,  are  of  such  a  character  that 
in  no  way  interfere  with  the  free  movement  of  the  vertebral  column.  On  t 
side  the  spinal  nerve-roots,  as  they  pierce  the  dura  mater,  carry  with  them  int 
intervertebral  foramina  tubular  sheaths  of  the  membrane,  whilst  in  bout 
fibrous  prolongations — more  numerous  above  and  below  than  in  the  dorsal  regi 
connect  the  tube  of  dura  mater  to  the  posterior  common  ligament  of  the  vert 
column.  No  connexion  of  any  kind  exists  between  the  dura  mater  and  the  post 
wall  of  the  spinal  canal. 

When  the  interior  of  the  tube  of  spinal  dura  mater  is  inspected,  the  ser 
apertures  of  exit  for  the  roots  of  the  spinal  nerves  is  seen.  These  are  rang 
pairs  opposite  each  intervertebral  foramen. 

Viewed  from  the  inside  of  the  tube  of  dura  mater,  each  of  the  two  roots 
spinal  nerve  is  seen  to  carry  with  it  a  special  and  distinct  sheath.  When  exac 
on  the  outside,  however,  the  appearance  is  such  that  one  might  be  led  to  con 
that  both  roots  are  enveloped  in  one  sheath  of  dura  mater.  This  is  due  to  th< 
that  the  two  sheaths  are  firmly  held  together  by  intervening  connective  fe 
The  two  tubular  sheaths  remain  distinct  as  far  as  the  ganglion  on  the  posi 
root,  and  then  blend  with  each  other. 

Subdural  Space. — The  dura  mater  and  the  arachnoid  mater  are  closely  ap 
to  each  other,  and  tlie  capillary  interval  between  them  is  termed  the  sub 
space.  It  contains  a  minute  quantity  of  fluid,  which  is  just  suflBcient  in  amou 
moisten  the  opposed  surfaces  of  the  two  bounding  membranes. 

The  subdural  space  in  no  way  communicates  with  the  subarachnoid  i 
The  fluid  which  it  contains  is  led  into  the  venous  blood-sinuses  around 
Pacchionian  bodies,  and  thus  gains  exit.  The  subdural  space  is  carried  out^ 
for  a  very  short  distance  on  the  various  nerves  which  are  connected  witl 
brain  and  the  spinal  cord,  and  it  has  a  free  communication  with  the  lymph- 
present  in  these  nerves.  In  the  case  of  the  optic  nerve  the  sheath  of  dura : 
is  carried  along  its  whole  length,  and  with  it  the  subdural  space  is  likewise 
longed  to  the  back  of  the  eyeball. 

The  Arachnoidea. 

The  arachnoid  mater  is  a  very  thin  membrane,  remarkable  for  its  deUcac 
transparency,  which  envelopes  lx)th  the  brain  and  the  cord  between  the  dura 
and  the  pia  mater.  The  cranial  part  of  the  arachnoid  mater  or  the  anch 
encephali,  except  in  the  case  of  the  great  longitudinal  and  the  Sylvian  fissurei 
not  dip  into  the  sulci  on  the  surface  of  the  brain.  In  this  respect  it  difien 
the  pia  mater.  It  bridges  over  the  inequalities  on  the  surfiace  of  the 
Consequently,  on  the  basal  aspect  of  the  encephalon  it  is  spread  out  in  the  fc 
a  very  distinct  sheet  over  the  medulla,  the  pons  Varolii,  and  the  hoUow  whi< 
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,  firont  of  the  pons,  and  in  certain  of  these  regions  it  is  separated  from  the  braiu- 
by  wide  intervals. 
Ibe  spinal  part  of  the  arachnoid  mater  or  arachnoidea  spinalis,  which  is  directly 
'omous  with  the  cranial  arachnoidea,  forms  a  loose  wide  iuvestment  for  the 
i  conL     This  arachnoidal  sac  is  most  capacious  towards  its  lower  part,  where  it 
the  lower  end  of  the  cord  and  the  collection  of  long  nerve-roots  which 
titute  the  cauda  equina. 
Ab  the  nerves,  both  from  the  brain  and  the  cord,  pass  outwards  tliey  receive  an 
pcvestment  from  the  arachnoid,  which  runs  for  a  short  distance  upon  them  and 
"^       i  comes  to  an  end. 

Subarachnoid   Space   (cavum  subarachnoidale). — The   interval  between   the 
chnoidea  and  the  pia  mater  receives  the  name  of  tlie  subarachnoid  space.     It 
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Flu.  478. — DiAdRAM  to  hIiow  tlie  relatiou.s  of  tlic  niombranes  of  the  brain  to  tlie  cranial  wall  and  tlu*  cerebral 
convolutious  autl  also  of  the  Pacchionian  bodies  to  the  superior  longitudinal  sinus  and  the  latend  lacuna*. 

contains  the  cerebro-spinal  fluid,  and  communicates  freely  tlirough  certain  well- 
defined  apertures  >vith  the  ventricular  cavities  in  the  interior  of  the  brain.  Three 
of  these  (viz.  the  foramen  of  Majendie  and  another  at  the  extremity  of  each  lateral 
recess)  are  in  connexion  with  the  fourth  ventricle ;  two  are  slit-like  openings  into 
the  lateral  ventricles,  and  are  placed  at  the  extremity  of  each  descending  horn. 

Within  the  cranium  the  subarachnoid  space  is  broken  up  by  a  moshwork  of  fine 
tilamentrt  and  tral)eculje,  which  connects  the  two  l)Ounding  meni]>ranes  (viz.  the 
arachnoidea  and  the  pia  mater)  in  the  most  intimate  manner,  and  forms  a  delicate 
sponge-like  interlacement  betwetm  them.  Where  the  arachnoidea  passes  over  the 
summit  of  a  cerebral  convolution,  and  is  consequently  closely  applied  to  tlu'  sub- 
jacent pia  mater,  the  mesh  work  is  so  dense  and  the  tra]>eculie  so  short  that  it  is 
hiirdly  jxwsible  to  discriminate  between  the  two  membranes.  To  all  intents  and 
purposes  they  form  in  these  localities  one  lamina.  In  the  intervals  between  the 
roimded  margins  of  adjoining  convolutions,  however,  distinct  angular  spaces  exist, 
where  the  subarachnoid  trabecular  tissue  can  be  studied  to  great  advantage.  These 
intervals  on  the  surface  of  the  cerebrum  constituU^  numerous  communicating 
channels  which  serve  for  the  free  passage  of  the  su])arachnoid  fluid  from  one  part  of 
the  brain  to  anotht.»r.  The  larger  branches  of  the  arteries  and  veins  of  the  brain 
traverse  the  subarachnoid  space ;  their  walls  are  directly  connected  with  the  sub- 
arachnoid trabeculffi,  and  are  bathed  by  subarachnoid  fluid. 

In  certain  situations  within  the  cranium  the  arachnoidea  is  sei)arated  from  the 
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pia  mater  by  intervals  of  considerable  width  and  extent.  These  expanded  { 
of  the  subarachnoid  space  are  termed  cistema  subarachnoidaleB.  In  these  t 
arachnoid  tissue  is  much  reduced.  There  is  no  longer  a  close  meshwor 
trabcculse  connecting  the  two  bounding  membranes  take  the  form  of  h\ 
mentous  intersecting  threads  which  traverse  the  spaces.  All  the  suban 
cisterns  communicate  in  the  freest  manner  with  each  other  and  also  w 
narrow  channels  on  the  surface  of  the  cerebrum. 

Certain  of  these  cisterns  require  special  mention.  The  largest  and  m( 
spicuous  is  the  cistema  ma«[na.  It  is  formed  by  the  arachnoid  membrane  I 
over  the  wide  interval  between  the  back  part  of  the  under  surface  of  the  cen 
and  the  medulla.  It  is  continuous  through  the  foramen  magnum  with  the  p 
part  of  the  wide  subarachnoid  space  of  the  cord. 

The  cistema  iK>nti8  is  the  continuation  upwards  on  the  floor  of  the  crai 
the  anterior  part  of  the  subarachnoid  space  of  the  spinal  cord.  In  the  n 
the  medulla  it  is  continuous  behind  with  the  cistema  magna,  so  that  t 
division  of  the  brain,  like  the  spinal  cord,  is  surrounded  by  a  wide  subar 
space. 

In  front  of  the  pons  Varolii  the  arachnoidea  bridges  across  between 
jecting  temporal  lobes,  and  covers  in  the  deep  hollow  in  this  region  of  tb 
This  space  is  called  the  cistema  basalis,  and  within  it  are  placed  the  large 
which  take  part  in  the  formation  of  the  circle  of  Willia  Leading  out  f 
cisterna  basalis  there  are  certain  wide  subarachnoid  channels.  Two  of  tl 
prolonged  into  the  Sylvian  fissures,  and  in  these  are  acconmxodated  the 
cerebral  arteries.  Anteriorly  the  basal  cistern  passes  into  a  space  in  Iron 
optic  chiasma,  and  from  this  it  is  continued  into  the  great  longitudinaj 
above  the  corpus  callosum.  In  this  subarachnoid  passage  the  anterior 
arteries  are  lodged. 

The  spinal  part  of  the  subarachnoid  space  is  a  very  wide  interval  s 
partially  subdivided  into  compartments  by  three  incomplete  septa.     One 
is  a  mesial  partition  called  the  septum  posticnm,  which  connects  the  pij 
covering  the  posterior  aspect  of  the  cord  with  the  arachnoid  mater.     In  tl 
part  of  the  cervical  region  the  septum  posticum  is  imperfect,  and  is  merel 

nam  mater  scutcd  by  somc  strao 

^.^  ^jncUnoici  ing  between  the  tw 

:jfinm«ntimi(ienticulatum     braUCS  ;    in  the  loWCl 

the  cervical  region 
the  dorsal  region  it 
tolerably  complete 
other  two  septa  are 
by  the  ligamenta  den 
which  spread  outwar 
either  side  of  the  spii 
These  will  be  describ 
the  pia  mater. 

Pacchionian  : 
(granulationes 
noidales). — When  t 
face  of  the  dura  n 
inspected  after  the 
of  the  calvaria,  a  nu 
small  fleshy-looking 
cences,  purplish-red  i 
are  seen  ranged  in  eli 
either  side  of  the 
longitudinal  sinus,  ai 
this  sinus  is  oj^enei 
also  observed  protruding  in  considerable  numl)er8  into  its  interior.  These 
Pacchionian  bodies,  and  they  are  also  found  in  smaller  number  and  d: 
smaller  size  in  connexion  with  other  blood-sinuses,  such  as  the  lateral  sii 
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Fig.  479.— Membranes  of  the  Spinal  Coud,  and  tue  mode  ok 
Origin  of  the  Spinal  Nerves. 
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lit  sinus,  and  the  cavernous  sinus.  At  first  sight  they  appear  to  belong  to 
loia  mater,  but  in  reality  they  are  ])rqjection8  from  the  arachnoidea.  In  the 
they  are  exceedingly  small  and  rudimentary,  and  it  is  only  as  life  advances 
they  become  large  and  conspicuous. 
1^  Sach  Pacchionian  body  is  a  bulbous  protrusion  of  the  arachnoid  membrane, 
p^  ifl  attached  to  the  arachnoidea  by  a  narrow  pedicle,  and  into  its  interior  is  pro- 
'  through  this  a  continuation  of  the  subarachnoid  space  and  its  characteristic 
liwork.  The  Pacchionian  bodies  do  not  pierce  the  dura  mater.  As  they  push 
'  way  into  a  blood-sinus  they  carry  before  them  a  thin  covering  continuous 
the  sinus  wall.  On  either  side  of  the  superior  longitudinal  sinus  there  are  a 
aber  of  irregular  spaces  in  the  dura  mater  which  communicate  with  the  sinus 
■ther  by  a  small  aperture  or  a  narrow  channel.  These  spaces  are  called  the 
.  sinuses  or  the  lacim»  laterales,  and  certain  of  the  meningeal  veins  and 
of  the  diploic  veins  open  into  them.  Pacchionian  bodies  push  themselves 
the  parasinoidal  sinuses  from  Ijclow  in  such  a  manner  that  they  receive  a 
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P*io.  480. — Mesial  Section  through  the  Ckaxial  Vault  in  the  Frontal  Rgoion.     Displays  a  portion 
of  the  superior  longitudiDal  sinus  and  the  Paccliioiiian  bodies  protruding  into  it  (enlarged). 

complete  covering  from  the  layer  of  dura  mater  which  forms  the  sinus  floor.  Nor 
does  the  bone  escape.  As  the  Pacchionian  bodies  enlarge  they  cause  absorption 
of  the  cranial  wall,  and  small  pits  are  hollowed  out  on  its  deep  surface  for  their 
r>eoeption.  It  must  be  clearly  understood,  liowever,  that  in  such  cases  the 
X*acchionian  body  is  separated  from  the  bone  by  the  following : — (1)  A  con- 
l^inuation  round  the  Pacchionian  body  of  the  subdural  simce  ;  (2)  the  thinned 
Hoor  of  the  parasinoidal  sinus;  (3)  the  lumen  of  the  sinus;  and  (4)  the  greatly 
t^hinned  upper  wall  of  the  sinus. 

The  Pacchionian  bodies  have  a  sjx'cial  function  t'b  perform.     Through  them 

-fluid  can  \ygLSS  from  the  subarachnoid  space  into  the  venous  sinuses  with  which  they 

stmd  in  connexion.     Whenever  the  pressure  of  blood  in  the  sinuses  is  lower  than 

that  of  the  fluid  in  the  subarachnoid  si)ace  and  the  ventricles  of  the  brain,  the 

cerebro-spinal  fluid  filtrates  through  the  Pacchionian  bodies  into  the  blood-sinuses. 

This  is  not  the  only  way  that  subarachnoid  fluid  may  obtain  exit.     The  su}>- 

arachnoid  space  is  carried  outwards  for  a  short  distance  on  tlie  nerves  in  connexion 

vith  their  arachnoidal  sheaths,  and  conmiunicates  with  the  lymph  channels  of  the 

nen'es.     This  connexion  is  more  complete  in  the  case  of  tlie  olfactory,  the  optic, 

aud  the  auditory  nerves,  than  in  other  nerves.     A  very  free  communiwition  between 

1     the  8ul>arachnoid  space  and  the  lymphatics  of  the  uiiiSal  mucous  membrane  is  said 

I    U)  exist. 

i  TiiK  PiA  Matek. 

j        The  pia  mater  forms  the  immediate  investment  of  the  brain  and  cord.     It  is  a 

I    'lelieate  and  very  vascular  membrane. 

Pia  mater  encephall — The  ])ia  mater  which  covers  the  brain  is  finer  and 
more  delicate  than  that  which  clothes  the  spinal  cord.  It  follows  closely  all  the 
inequalities  on  the  surface  of  the  brain,  and  in  the  case  of  the  cerebrum  it  dips 
into  each  sulcus  in  the  form  of  a  fold  which  lines  it  completely.  On  the  cerebellum 
the  relation  is  not  so  intimate ;  it  is  only  into  the  larger  fissures  that  it  penetrates 
in  the  form  of  folds. 
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The  larger  blood-vessels  of  the  brain  lie  in  the  subarachnoid  space.  Th 
twigs  ramify  in  the  pia  mater  before  they  proceed  into  the  substance  of  the 
As  they  enter  they  carry  with  them  sheaths  derived  from  the  pia  mater, 
a  portion  of  tlie  membrane  is  raised  from  the  surface  of  the  encephaloo,  nui 
fine  processes  are  withdrawn  from  the  cerebral  surface.  Tliese  are  the  blood- 
with  their  sheaths,  and  they  give  the  deep  surface  of  the  pia  mater  a  rou{ 
flocculent  appearance. 

As  the  pia  mater  is  carried  over  the  lower  part  of  the  roof  or  posterior  i 
the  fourth  ventricle  of  the  brain  it  receives  the  name  of  the  tela  choroidea  h 
and  it  is  in  connexion  with  this  portion  of  the  pia  mater  that  the  choroid  pi 
of  that  cavity  are  developed.  The  tela  choroidea  superior  or  velum  interp 
is  a  fold  of  pia  mater  which  is  invaginated  into  the  brain,  so  that  it  comes 
over  the  third  ventricle  and  project  in  the  shape  of  choroid  plexuses  in 
lateral  ventricles.     This  invagination  requires  special  notice. 

The  velum  interpositum  (tela  choroidea  superior)  is  a  double  layer  or  fol 
mater  which  intervenes  between  the  body  of  the  fornix  which  lies  above  it  a 
epithelial  roof  of  tlie  third  ventricle,  and  the  two  optic  thalami  which  lie  hi 
Between  its  two  layers  are  blood-vessels,  and  some  subarachnoidal  tral 
tissue.  In  shape  the  velum  interpositum  is  triangular,  and  the  narrow  a 
end  or  apex  reaches  forwards  as  far  as  the  foramina  of  Monro.     The  bi 

under  the  splenium  of  the 

.'1  callosum,  and  here  the  tw< 

" -i— U^-^^  q£  |.Jjq  yeimn  separate  and 

continuous  with  the  invest 
mater  on  the  surface  of  th 
by  passing  out  through 
called  the  transverse  flssnr 
Along  each  lateral  mai 
velum  interpositum  is  b 
by  the  choroid  plexus  of  tl 
of  the  lateral  ventricle, 
projects  into  the  ventricula 
from  under  cover  of  tl 
lateral  margin  of  the  fori 
should  be  borne  in  mind  t 
epithelial  lining  of  the  v 
gives  a  complete  covering 
choroid  plexus.  Posterio 
choroid  plexus  is  continue 
the  similar  structure  in  i 
scending  horn  of  the  ve 
whilst  in  front  it  narrows 
and  becomes  continuous  ac 
mesial  plane  with  the  con- 
ing plexus  of  the  opposil 
behind  the  epithelial  layei 
lines  the  foramen  of  Monro 
this  median  junction  twc 
smaller  choroid  plexuses  ru 
wards  on  the  under  surface  of  the  velum  interpositum,  and  project  downwai 
the  third  ventricle.     These  are  the  choroid  plexuses  of  the  third  ventricla 

The  most  conspicuous  blood-vessels  in  the  velum  interpositum  are  t 
veins  of  Galen,  which  run  backwards,  one  on  either  side  of  the  mesial  plai 
front,  each  is  formed  at  the  apex  of  the  fold  by  the  union  of  the  vein 
corpus  striatum  and  a  large  vein  issuing  from  the  choroid  plexus ;  behin 
unite  to  form  the  vena  magna  Galeni,  and  this  pours  its  blood  into  the  8 
end  of  the  straight  sinus  (Fig.  477,  p.  598). 

The  continuous  cleft  in  the  brain  through  which  the  velum  interpositi] 
the  choroid  plexuses  of  the  two  descending  horns  of  the  lateral  ventric 
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481. — Dissection  to  show  the  Velum  Interpositum, 
AND  THE  Parts  in  immediate  Relation  to  it. 
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I  into  the  interior  of  the  brain  is  sometimes  called  the  transverse  fissure. 
»  of  an  upper  intermediate  part  and  two  lateral  parts.     The  former 


Lateral  ventricle 

/ 


Chanild  plomH  Vent, 


:^^^iz.-/      ^  ei  m  of  Galmj 


Fio.  482.— Diagrammatic  Coronal  Section  through  the  optic 
thalami,  and  the  parts  iu  immediate  relation  to  them.  The  inter- 
mediate part  of  the  great  transverse  lissure  holding  the  velum 
interpositum  is  seen,  and  also  the  manner  in  which  this  fissure  is 
shut  out  from  the  lateral  ventricles  by  the  epithelium  which  covers 
the  choroid  plexus  on  each  side. 


^ards  between  the 

dlosum    and    the 

tve  and  the  roof  of 
ventricle  and  the 

ami  below.     It  is 

n  either   side   by 

lial  covering  of  the 

exuses,  which  shuts 

)    structures    from 

'  of  the  lateral  ven- 

rhe  lateral  part  is 

idal  flflsure.     This 

nous  with   the  in- 

3    part,    and    has 

»een    described    in 

L  with  the  descend- 

i    of    the    lateral 

:p.  578). 

nater  spinalis. — 

nater  of  the  cord 

'  and  denser  than 

he  brain.     This  is 

lie  to  the  addition  of  an  outside  fibrous  layer,  in  which  the  fibres  run 
the  longitudinal  direction.     The  pia  mater  is  very  firmly  adherent  to 

le  of  the  cord,  and  in  front  it  sends  a  fold  into  the  antero-median  fissure 

rd.     The  septum  which  occupies  the  postero-median  fissure  is   likewise 

firmly  attached  to  its  deep 
surface.  In  front  of  the 
antero  -  median  furrow  of 
the  cord  the  pia  mater  is 
thickened  in  the  form  of 
a  longitudinal  glistening 
band,  termed  the  linea 
splendens,  which  runs  along 
the  whole  length  of  the 
cord,  and  blends  with  the 
filum  terminate  below.  The 
blood-vessels  of  the  spinal 
cord  lie  between  the  two 
layers  of  the  pia  mater. 

The  nerves  which  leave 
both  the  brain  and  cord 
receive  closely -applied 
sheaths  from  the  pia  mater. 
These  blend  with  the  con- 
nective-tissue sheaths  of  the 
nerves. 

The  ligamentum  denticu- 
latnm  is  a  strong  fibrous 
band   which    stretches    out 

ig  from  the  pia  mater  on  either  side  of  the  spinal  cord,  so  as  to  connect 

ater  with  the  dura  mater.     The  pial  or  inner  attachment  of  the  ligament 

n  a  continuous  line  between  the  anterior  and  posterior  nerve-roots,  from 

of  the  foramen  magnum  above  to  the  level  of  the  first  lumlmr  vertebra 

ts  outer  margin  is  serrated  or  denticulated,  and  for  the  most  part  free. 

>nty  to  twenty-two  denticulations  may  be  recognised.     They  occur  in  the 

between  the  spinal  nerves,  and  pushing  the  arachnoid  before  them,  they 
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are  attached  by  their  pointed  ends  to  the  inner  surface  of  the  dura  mater. 
ligamenta  denticulata  partially  subdivide  the  wide  subarachnoid  fipace  in  the 
canal  into  an  anterior  and  a  posterior  compartment.  The  anterior  nervi 
traverse  the  anterior  compartment,  whilst  the  posterior  nerve-roots  traven 
posterior  compartment.  Further,  the  posterior  compartment  is  imperfectl} 
divided  into  a  right  and  a  left  lateral  part  by  the  septum  posticum. 

By  means  of  the  ligamenta  denticulata  the  spinal  cord  is  suspended  i 
middle  of  the  tube  of  dura  mater. 


E    PERIPHERAL  NERVES  AND  THE  SYMPATHETIC 
NERVOUS  SYSTEM. 

By  A.  M.  Patkrson. 


from   the  brain  and   spinal   cord   respectively,  the  cranial   and  spinal 

are   responsible,   collectively,   for  the   central   localisation   of  peripheral 

or   for  the   transmission   peripherally  of  central   impulses.      The   sense 

and  the  somatic  regions  of  the   body  are  in  direct   communication    by 

•ves  with   the  

^ '  Dor«ft1  nerve-root 

Pia  raatftr l^^^^^^j^^^C^mi^   -    - ^LrgnmentuMi 

Arachnoid 


Dura  mater 


Posterior  primary 
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Anterior  primary 
division 
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id  spinal  cord, 
laiichnic  area, 
viscera  which 
tins,  are  gov- 
•y  nerves  con- 
dth  the  central 
.  system.  By 
of  the  sym- 
i  nervous  sys- 
e  nerves  from 
ibro-spinal  sys- 
e  directed  to 
jveral  destina- 
the  splanchnic 
nd  connexions 
icted  with  the 
'  the  nerves  on 
e  hand,  and 
1  their  peri- 
branches,  with 
latic  region,  on 
er  hand. 

C   SPINAL 
ERVES. 

spinal  nerves 

luged  in  pairs, 
ch  there  are 
thirty  -  one. 
erve  arises  by 
ots  from  the 
cord,     wliich 

aly  pierce  the  dura  mater.  Enclosed  in  a  tubular  investment  of  this 
me,  the  nerve  emerges  from  the  spinal  canal  through  the  intervertebral 
1,  and  is  distributed  to  tlie  trunk  and  limbs  in  a  manner  to  be  described  below. 
:  nerves  are  designated  cervical,  thoracic,  lumbar,  sacral,  and  coccygeal,  in  rela- 
the  vertebrae  between  which  they  emerge  from  the  spinal  canal.  Each  nerve 
\  below  the  corresponding  vertebra,  except  the  first  of  the  cervical  series, 

60T 
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484. — Scheme  ok  the  Arkan<jement  of  the  Membranes  of  the 
Spinal  Coud  and  the  Roots  of  the  Spinal  Nbhvbb. 
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which  passes  out  of  the  spinal  canal  between  the  occipital  bone  and  th 
There  are  thus  eight  cervical  nerves  (the  last  appearing  between  the  9 
cervical  and  first  thoracic  vertebrae)  ;  there  are  twelve  thoracic,  five  himl 
sacral,  and  one  coccygeal  nerve,  all  api^earing  below  the  corresponding  vertel 

The  thirty-first  nerve  is  occasionally  absent ;  ar 
are   sometimes  one  or  two  additional   pairs  of 
filaments  below  the  thirty-first,  which,  however, 
emerge  from  the  spinal  canal.     These  are  rudh 
caudal  nerves. 

The  size  of  the  spinal  nerves  varies  extremelj 
largest  are  those  which  take  part  in  the  formatioi 
great  nerve -trunks  for  the  supply  of  the  limbe 
cervical  and  first  thoracic,  and  lower  lumbar  anc 
sacral  nerves) ;  and  of  these  the  nerves  destined 
lower  limbs  are  the  larger.  The  coccygeal  nerve 
smallest  of  the  spinal  nerves ;  the  thoracic  nerves 
the  first)  are  much  more  slender  than  the  limb 
and  the  cervical  nerves  diminish  in  size  from  be 
wards. 

Origin  of  the   Spinal    Nerves. — Each 
nerve  is  attached  to  the  spinal  cord  by  twc 
called    respectively    dorsal    (posterior)    and 
(anterior). 

The  dorsal  root  is  larger  than  the  ventra 
it  contains  a  larger  number  of  rootlets,  and  1 
dividual  rootlets  are  of  larger  size  than  in  the 
root.  It  has  a  vertical  linear  attachment 
postero-latenil  sulcus  of  the  spinal  cord.  The  1 
of  contiguous  dorsal  roots  are  in  close  relation, 
some  instances,  overlap.  The  dorsal  root  sepai 
it  passes  away  from  the  cord  into  two  bundk 
of  which  become  connected  with  the  inner  ei 
spinal  ganglion.  From  the  outer  end  of  this  g 
the  dorsal  root  proceeds  to  its  junction  wi 
ventral  root  in  the  intervertebral  foramen. 

The  spinal  ganglia  are  found  on  the  dorst 
of  all  the  spinal  nerves.  (In  the  case  of  tl 
cer\'ical  or  sub-occipital  nerve,  the  spinal  gangli 
be  rudimentary  or  absent ;  and  the  dorsal  roo 
may  be  wanting,  or  derived  from  the  spinal  ac 
nerve.)  They  occupy  the  intervertebral  foi 
except  in  the  case  of  the  sacral  and  coccygeal 
the  ganglia  of  which  lie  vAthin  the  vertebral 
and  the  first  and  second  cervical  nerves,  the ; 
of  which  lie  \\\}Oii  the  neural  arches  of  the  at 
axis  respectively.  With  the  exception  of  the  co 
ganglia  they  are  outside  the  cavity  of  the  dura 
but  are  invested  by  the  membrane.  The 
are  of  ovoid  form,  bifurcated  in  some  cases  8 
inner  ends.  They  consist  of  unipolar  nerv 
w^hose  processes,  after  a  very  short  course,  divi 
respectively  in  relation  to  tiie  spinal  central  (root)  and  peripheral  (trunk)  fibrei 
column    The  nerves  are  shown  as  central  fibres  foHu  the  iwrtiou  of  the  root  e 

thick  black  hues  on  the  left  side.  .  .      ,  j      ^i  •    i         i   /»i_ 

the  spmal  cord ;  the  peripheral  nbres  are  conti 
an  outward  direction  from  the  ganglion  into  the  spinal  nerve. 

Accessory  spinal  ganglia  (ganglia  aWrrautia). — Between  the  .spinal  ganglion  and  tl 
coni  small  collection!*  of  cells  are  occasionally  found  on  the  dors?al  roots,  either  as  scatU 
or  distinct  ganglia.  Tliey  are  most  fi-equentiy  met  with  on  the  doR»al  roots  of  the  Inr 
sacral  ner^'es. 


Fk;.  485.— Diaorammatic  Repre- 
sentation OF  THE  ORIGIN  OF  THE 
Spinal  Nerves,  sho\\ing  the  posi- 
tion  of    their    roots   an<l    ganglia 


DIVISIONS  OF  A  SPINAL  NEKVE. 


609 


The  ventral  root  is  smaller  than  the  dorsal  root.  It  arises  from  tlie  anterior 
boe  of  the  spinal  cord  (anterior  root  zone)  by  means  of  scattered  bundles  of 
ve-fibres,  which  occupy  a  greater  horizontal  area  and  are  more  irregular  in  tlieir 
logement  than  the  fascicles  of  the  dorsal  root.  It  possesses  no  ganglion  in  \i^ 
me.  The  rootlets  sometimes  overlap,  and  are  not  unfrequently  connected  with 
^bouring  rootlets  above  and  below. 

The  dorsal  and  ventral  roots,  from  their  attachment  to  the  spinal  cord,  proceed 
ivards  in  the  spinal  canal  towards  the  intervertebral  foramina,  where  they 
ite  to  form  the  spinal  ner\'e.  The  direction  of  the  roots  of  the  first  two  nerves 
upwards  and  outwards;  the  roots  of  the  remaining  nerves  course  obliquely 
inwards  and  outwards,  the  obliquity  gradually  increasing  until,  in  tlie  case  of 
f  lower  lumbar,  the  sacral  and  coccygeal  nerve-roots,  their  course  is  vertically 
m  wards  in  the  spinal  canal     The  collection   of   nerve -roots  wliieh  occupies 

lower  part  of  the  canal  below  the  first  lumbar  vertebra,  and  comprises  all  the 
re-roots  below  those  of  the  first  lumbar  nerve,  is  designated  the  cauda  equina. 
7  arise  from  the  lumbar  enlarge- 
it  and  conus  meduUaris,  and  sur- 
id  the  filum  terminale  of  the  spinal 
L 

Within  the  spinal  canal  the  nerve- 
s  are  in  relation  with  the  meninges 
he  cord,  and  are  separated  from  one 
;her  by  the  ligamentum  denti- 
tum,  and,  in  the  neck,  by  the  spinal 

of  the  spinal  accessory  nerve.  Each 
ives  a  covering  of  pia  mater,  con- 
lous  with  the  neurilemma ;  the 
ihnoid  invests    each  root   as  far  as 

point  where  it  meets  with  the  dura 
er;  and  each  root  pierces  the  dura 
er  separately.  The  two  roots  are 
reafter  enclosed  in  a  single  tubular 
ith  of  dura  mater,  in  wliich  is  included 

spinal  ganglion  of  the  dorsal  root. 
J  spinal  nerve   thus  formed   lies  in 

inter\^ertebral   foramen,  except    in 

case  of  the  first  two  cervical  and 

sacral  and  coccygeal  nerves. 

Divisions   of  a   Spinal   Nerve.— 

;er  emerging  from  the  intervertebral 

amen  the  nerve  immediately  divides 

0    two    primary    tlivisions,    named    respectively    the    posterior   and    anterior 

maiy   divisions.      Just    before    its    division    each    nerve    gives   ofl'   a    minute 

mrent  branch,  which  re-enters  the  vertebral  canal  after  effecting   a  junction 

th  a  branch  from  the  sympatlietic  cord,  and  is  distributed  to  the  spinal' cord 

d  its  membranes. 

The  posterior  and  anterior  primary  divisions  of  the  spinal  nerve  are  responsi])le 
r  the  inner^'ation  of  the  skeletal  muscles  and  the  skin  covering  tlie  trunk 
d  limbs.  They  are  thus,  properly  sjjeaking,  the  somatic  liranehes  of  tlie 
inal  nerve. 

In  relation  to  certain  of  tlu*  iiervi's,  a  htIi-s  of  niudi  smaller  luaiiches  exi«?t  wliicli  an*  coinu'cted 
th  the  sympathetic  system  (Fi^'.  4Hf;,  .SI'),  in  a  way  to  In*  fK'.sciil)0(l  later.  These  constitute  tin- 
lite  rami  commnnicantes,  and  may  1m*  termed  the  visceral  divisions  of  tlie  s]iinal  nerves.  They 
•  <l«*rive<l  fnim  the  anterior  i>rimary  divisions  of  tlie  nerves,  and  receive  their  lil»res  mainly 
•m  the  ventml  roots,  though,  at  least  in  the  rase  of  certain  nerves,  from  tlie  (h>rsjil  roots  a>  well. 
U'se  iien'e.sare  directed  inwards  from  tlie  intervertelual  ft»ramen  over  the  vtTtebral  enlumi),and, 
'oiuiiig  connectnl  with  the  syuqiathetic  cord,  ef>nvey  spinal  tihres  to  the  organs  and  ti>&ues  in 
t  splanehnic  arefj. 

The  ^K)sterior  and  anterior  priniarv  divisions  of  the  nerves  contain  fibres  from 
43 
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Fi(}.  486. — Scheme  of  the  Distribution  of  .\ 
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both  dorsal  and  ventral  roots.  Indeed,  each  root  can  be  seen,  on  removal  of] 
sheath,  to  divide  into  two  portions,  of  which  one  portion  enters  into  the  fon 
of  the  posterior,  the  other  into  the  formation  of  the  anterior  primary  dimi 
The  posterior  primary  divisions,  with  the  exception  of  the  first  two,  are 
than  the  anterior  primary  divisions ;  and  they  are,  generally  speaking,  respoosiblil 
the  innervation  of  the  skin  and  muscles  of  the  back.  They  do  not  supply  the  mo 
of  the  limbs;  although  in  their  cutaneous  distribution  they  are  prolonged  on  I 
the  back  of  the  head,  the  shoulder,  and  the  buttock.  They  form  two  small  pk 
— the  posterior  cervical  and  the  iK>sterior  sacral  plexuses.  The  anterior  prj 
divisions  are,  with  the  exception  of  tlie  first  two  cervical  nerves,  much  lai^r  1 
the  posterior  i)rimary  divisions.  They  supply  the  sides  and  fore-parts  of  the  I 
the  limbs,  and  the  perineum.  For  the  most  part  they  have  a  compli 
arrangement.  The  thoracic  or  intercostal  nerves  alone  have  a  simple  mode  of  ( 
tribution;  the  other  nerves  give  rise  to  the  three  great  plexuses — cervical, 
and  lumbo-sacral. 

Distribution  of  the  Spinal  Nerves. — The  distribution,  Hke  the  origin  of 
posterior  and  anterior  primary  divisions  of  the  spinal  nerves,  presents  primarily 
essentially  a  segmental  arrangement,  masked  and  in  some  cases  obliterated  by  deT( 
mental  clianges  which  have  occurred  in  the  parts  supplied.  In  no  region  can  a  si 
nerve  be  traced  to  a  complete  segment.  In  the  tnmk  between  the  Muihs  the 
approacli  to  a  complete  girdle  is  fonned  by  such  a  nerve  as  the  sixth  thoracic 
In  its  cutaneous  distribution  it  forms  a  perfect  belt,  the  nerve  by  its  posterior 
anterior  primary  divisions  supplying  a  distinctly  segmental  area  from  the  middle  li 
of  the  trunk  behind  to  the  stennim  in  front.  Its  muscular  distribution,  ako,  lij 
almost  perfectly  segmental.  The  anterior  primary  division  supplies,  unaided,  thi 
intercostal  muscles  of  the  segment  in  which  it  lies.  The  posterior  primary  diriaoi 
supplies  nniscles  in  the  back,  not,  however,  in  a  strictly  segmental  manner,  on  aoooiat 
of  the  fact  that  the  scgmentiil  myotomes  have  fused  together  in  tlie  back  to  give  ni 
to  complex  longitudinal  muscles,  which  are  together  supplied  by  the  series  of  museulv 
bnuiehes  derived  from  the  posterior  primary  divisions  of  contiguous  nerves.  In  other 
regions  greater  changes  cause  more  marked  deviations  from  a  simple  segmental  type  i 
distribution  and  give  rise  to  the  various  ])lexuses,  by  which  the  trunk,  and  more  paitieB- 
larly  the  limbs,  are  innervated. 


POSTERIOR  PRIMARY  DIVISIONS  OF  THE  SPINAL  NEEm 

The  posterior  primary  divisions  of  the  spinal  nerves  are  distributed  generallyto   ■ 
the  skin  of  the  back  of  the  trunk,  the  back  of  the  head,  the  shoulder  and  the 
buttock,  and  to  the  longitudinal  muscles  of  the  back,  but  not  to  the  muscles  of  the 
limbs. 

Each  posterior  primary  division  divides  as  a  rule  into  two  parts,  an  intenial  and 
an  external  trunk  (Fig.  48G,  p.  609).     In  the  upper  half  of  the  body  the  internal 
trunks  generally  supply  the  cutaneous  branches,  while  the  external  trunks  aie 
])urely  muscular  nerves.     In  the  lower  part  of  the  body  the  opposite  is  the  caae: 
the  external  trunks  provide  the  cutaneous  nerves  and  the  internal  trunks  M 
distributed  entirely  to  muscles.     The  cutaneous  branches  have  a  different  courae 
in  the  two  cases.     In  the  upper  half  of  the  back  they  course  inwards  and  back- 
wards Ijoneath  and  among  the  muscles  to  within  a  short  distance  of  the  spiocHi^ 
processes  of  the  vertebrte,  close  to  which  they  become  superficial.      They  theU 
extend  outwards  in  the  superficial  fascia.      In  the  lower  half  of  the  back  th6 
cutaneous  nerves  are  direv.ted  downwards  and  outwards  among  the  muscles,  anC 
become  superficial  at  a  greater  distance  from  the  middle  line. 


CERVICAL  NERVES. 
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CERVICAL  NERVK8. 

First  Cervical  Nerve  (n.  sub-occipi- 
0- — It  has  already  heen  pointed  out 
)  the  dorsal  rc30t  of  tlds  nerve  may 
adiiiieiitary,or  even  iibsent  altogether. 
posterior  primary  division  iti  larger 
1  the  anterior  primary  division ;  it 
$  not  divide  into  internal  or  external 
aches,  and  it  iloes  not  direiitly  aupply 
cutaneous  branch. 

Passing  backwards  in  the  space  be- 
eu  the  occipital  bone  and  the  posterior 
\i  of  the  atlas,  I  he  nerve  occupies  the 
y  -  occipital 


mgle,  and  is 
iced  below 
I  behind  the 
•tebral  artery, 
i  under  cover 
the  complexus 
iscle.  It  sup- 
BS  the  follow- 
;  branches : — 

(/r)  MuBcolar 
Aches  to  the 
nplexus,  recti 
pitis  postici, 
ijor  and  minor, 
d  obliqui, 
perior  and  in- 
:ior. 

(c)  A  commu- 
utting  branch 
^•ends  to  join 
e  second  cervi- 
1  nerve. 

Tlie  commuiii- 
ting  branch  may 
ise  iu  common 
til  thf  nerve  to 
e  obli<iuus  in- 
rior,  and  reach 
e  ijfccond  cervical 
Tve    by   piercing 

pa!!<tinf(  over  or 
neath  the  obli- 
iiuj  inferior.      Or 

Diay  accompany 
le  in-rve  to  the 
)iuj)lexu8,  and 
>mimmicate  with 
le  great  occipital 
■Tyt,  after  pierc- 
S  that  musch\ 

Vjfi.  487.- -The  Distbiuution  of  Cutaneous  Nerves  on  the  Back  of  the  Trunk. 

Ou  one  side  the  distribution  of  the  .several  ju-rves  is  represented,  tlie  letters  indicating  their  nomenclature. 

^{(.'.2},  Great  occipital  ;  (-.3,  Lea.st  occiiiital  ;  T.l  r.t  .sr/i.,  Posterior  j)iiniary  divisions  of  thoracic  nerves; 
LI  H  seq.j  Posterior  primary  divisions  of  tirst  tliree  lumbar  nerves  ;  S.l  cf  scf/.,  Posterior  jnimnry 
(UvisionB  of  sacral  nerves  ;  Acr,  Acromial  branches  from  cervical  plexus  ;  T.2-12,  Lateral  branches  of 
thoracic  nerves  ;  (!irc,  Cutaneous  brandies  of  circumflex  ner^e  ;  LI,  Iliac  branch  of  ilio-hyj)Ogastri'j 
nerve  ;  E.(\  External  cutaneous  nerve  ;  S.Sc,  Small  sciatic  nerve. 

^ht  other  side  u  schematic  representation  is^iven  of  the  areas  supplie<l  by  the  al)Ove  nerves,  the  numerals 
indicating  the  spinal  origin  of  the  branches  of  distribution  to  each  area. 
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Second  Cervical  Nerve. — The  posterior  primary  division  of  this  nem 
larger  than  the  corresponding  anterior  primary  division.  It  passes  bacbm 
between  the  atlas  and  axis,  and  in  the  interval  between  the  obliquus  inferi 
and  the  semispinalis  colli  muscles,  under  cover  of  the  complexus  muscle.  In  d 
situation  the  nerve  gives  off  several  small  muscular  and  communicating  braixih 
The  main  trunk,  after  piercing  the  complexus  and  trapezius  muscles,  aocompMi 
the  occipital  artery  to  the  scalp  as  the  great  occipital  nerve  (n.  occipitalis  majt 
This  is  the  chief  cutaneous  nerve  for  the  back  part  of  the  scalp.  It  enters  1 
superficial  fascia  at  the  level  of  the  superior  curved  line  of  the  occipital  bone  a 
about  an  inch  from  the  external  occipital  protubeiraDce,  Samifying  over  I 
surface,  it  supplies  the  skin  of  the  scalp  as  far  as  the  vertex.     It  eommunicatti 


iDHrtiau  of  itemo- 

Sji^ktLlas  cApltb 

TnchfllO'iuurLoM 


Complexa* 


IjplenlUB  capitis 


TTsehelomutcricf 


Occlpltil  attadmieBt  of 

'  ]  i  ^r'^n  ii  »n  of  complexoi 

tlKAT  OIXJIPITAL  KBITE 

rUbIi[t>iu^  tnperior 

H^ctUii  cvi  pitis  postteui  m^ 
|t(KLa«  capltJn  potneiM  m^ww 
Vertebral  arUsry 

•SrscjcciprTjiL  xkrve 
P{)aiefior  arcli  of  fttlaa 
Obliquu*  iHferior 

Pc^fTC&tOb  tJtVtAION  or  SEOOVD  CDTI 
StRVK 


PnfiTKRIOn  PIVUIOH  or  TBIED  CBTIC 
HEBtrE 

PmeTlltlOft  tilVTHlOK  or  FOURTH  COT 
NEHVK 


Fig.  488. — Posterior  Cervical  Plexus. 


the  scalp  with   the   following  nerves :  great  auricular,  small   occipital,  poate 
auricular,  and  least  occipital. 

The  muscular  branches  of  the  second  cervical  nerve  are  destined  for  the  c 
plexus,  obliquus  inferior,  semispinalis  colli,  and  multifidus  spinas. 

Its  communicating  branches  form  the  posterior  cervical  plexus.  Descending 
the  posterior  arch  of  the  atlas  is  a  branch  from  the  sub-occipital  nerve  which  forms  a 
or  network  with  a  corresponding  branch  of  the  second  nerve.  From  this  loop  twig 
supplied  to  the  surrounding  muscles.  A  similar  loop  is  formed  by  a  communic 
between  branches  of  the  second  and  third  nerves,  from  which  muscles  are  also  supj 
Occiisionally  an  additional  loop  is  formed  between  branches  of  the  third  and  fourth  ne 

Third  Cervical  Nerve. — This  is  much  smaller  than  the  second  ner\'e. 
its  origin  it  forms  a  loop  of  communication  with  the  second,  and  it  may  giv 
a  similar  communicating  branch  to  the  fourth  nerve.  The  main  trunk  di^ 
into  internal  cutaneous  and  external  muscular  branches.  The  external  mu8< 
branch  enters  contiguous  muscles  ;  the  internal  cutaneous  branch  passes  l^acki^ 
and  inwards,  and  becomes  superficial  as  the  third  ur  least  occipital  nerve  (n.  oc 
talis  minimus),  close  to  the  middle  line  of  the  neck.  It  supplies  fine  branch 
the  neck  and  scalp,  and  communicates  with  the  great  occipital  nerve. 
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The  fourth,  fifth,  and  sixth  cervical  nerves  are  still  smaller.  Beneath  the  coiii- 
cuB  each  divides  into  external  muscular  and  internal  cutaneous  branches.  The 
icular  branches  supply  neighbouring  muscles ;  the  cutaneous  brandies  are  small 
ves,  which,  passing  backwards,  become  superficial  close  to  the  middle  line.  They 
ply  the  skin  of  the  back  of  the  neck.  The  sixth  is  the  smallest,  and  its  cutaneous 
nch  is  minute,  and  may  be  absent  altogether.  In  certain  cases  the  fourth  nerve 
ns,  with  the  third,  a  loop  of  communication  from  which  muscles  are  supplied. 
Seventh  and  Eighth  Cervical  Nerves. — These  are  the  smallest  of  the  posterior 
aiaiy  divisions  of  the  cervical  nerves.  They  give  off  ordinarily  no  cutaneous 
nches,  and  end  in  the  deep  muscles  of  the  back. 

THORACIC  NERVES. 

The  posterior  primary  division  of  each  thoracic  nerve  divides  into  an  internal 
i  external  branch.  In  the  case  of  the  upper  six  thoracic  nerves  the  internal 
inches  are  chietly  distributed  as  cutaneous  nerves, — only  giving  off  small  muscular 
inches^ — while  the  external  branches  are  wholly  muscular  in  their  distribution  ; 
the  case  of  the  lower  six  thoracic  nerves  the  opposite  is  tlie  case.  In  all  cases 
3  muscular  branches  serve  to  innervate  tiie  longitudinal  muscles  of  the  back, 
le  distribution  of  the  cutaneous  branches  is  different  in  the  upper  and  lower 
rt  of  the  back.  The  upper  six  or  seven  thoracic  nerves  innervate  the  skin  of 
e  scapular  region.  Tlie  internal  cutaneous  branches,  after  passing  backwards  from 
eir  origin  among  the  dorsal  nmscles,  reach  the  surface  near  the  spines  of  tlie 
irtebra>  and  are  directed  almost  horizontally  outwards  over  the  vertebral  border 

the  scapula.  The  first  is  small ;  the  second  is  very  large  and  reaches  to  the 
Toiiiion  process.  Tlie  rest  diminish  in  size,  from  above  downwards,  and  become 
ore  and  more  oblique  in  direction.  The  eltemal  cutaneous  branches  of  the  lower 
re  or  six  thoracic  nerves  are  directed  from  their  origin  obliquely  downwards  and 
itwards  among  the  parts  of  the  erector  spinffi  muscle.  Becoming  cutaneous  by 
iercing  the  latissimus  dorsi  at  some  distance  from  the  middle  line,  they  supply 
he  skin  of  the  back  in  the  lower  part  of  the  chest  and  loin,  the  lowest  nerves 
Jeventh  and  twelfth)  reaching  over  the  iUac  crest  on  to  the  buttock.  The  lower 
enes  often  sulniivide  into  two  branches  before  or  after  their  emergence  from  the 
lUssinius  dorsi  muscle. 

LUMBAR  NERVES. 

First  three  Liimbar  Nerves. — The  posterior  primary  divisions  of  the  first 
hree  lumbar  nerves  subdiWde  into  internal  and  external  branches,  in  the  same 
ay  (IS  the  lower  thoracic  nerves.  The  internal  branches  are  muscular  and 
mervate  the  deep  muscles  of  the  back.  The  external  branches  are  cliiefiy 
iituneous.  They  are  directed  obliquely  downwards  and  outwards  among  the 
bres  of  the  erector  spintie  and  become  superficial  by  piercing  the  vertebral 
p^meurusis,  just  above  the  iliac  crest  and  a  short  distance  in  front  of  the  posterior 
iac  sjjine.  They  are  then  directed  downwards  in  the  superficial  fascia  of  the 
ult(X:k,  and  supply  a  lengthy  strip  of  skin,  extending  from  the  middle  line  a]>ovo 
be  iliac  crest  to  a  point  below  and  })ehind  the  great  trochanter  of  the  femur. 

The  fourth  and  fifth  lumbar  nerves  (like  the  last  two  cervical  nerves)  usually 
upply  only  muscular  branches  to  the  longitudinal  muscles  of  the  back.  The  fifth 
ene  in  many  cases  sends  a  minute  branch  to  form  a  loop  of  connexion  with  the 
ost^rior  priniar}'  division  of  the  first  sacral  nerve  (posterior  sacral  plexus). 

SACRAL  AXI)  COCCYGEAL  NKRVKS. 

The  j)osterior  primary  divisions  of  the  sacral  nerves  issue  from  the  posterior 
icral  foramina.  As  in  the  case  of  the  thoracic  and  lumbar  nerves,  the  upper 
icral  nerves  ditler  from  the  lower  in  their  distribution. 

The  first  three  sacral  nerves  supply  internal  muscular  branches  for  the 
lultifidus  spime,  and  external  cuUxneous  branches  which  pierce  the  fibres  of  the 
acro-8ciatic  ligament  and  the  gluteus  maximus  muscle,  and  supply  the  skin  over 
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the  back  of  the  sacrum  and  contiguous  part  of  the  buttock,  giving   rise  to 
posterior  sjicral  plexus. 

Tlie   posterior  sacral  plexus   consists,  Hko  the   jwsterior  cervical    plexus,   of 
or  plexiforin  coinmuiiicatious  over  the  back  of  the  sacrum  between  the  posterior  prii 
divisions  of  the  first  three  sacral  nerves,  to  which  are  frequently  joined  branches  of 
last  lumbar   nerve   and  fourth  siicral    nerve.     From   these  loops   branches   proceed 
supply  the  multifidus  spinie  muscle  ;  others,  piercing  the  great  sacro-sciatic  ligament,  it 
secondary  loops  beneath  the  gluteus  maximus  muscle.     From  the  secondary  l(X)p8,  two 
more  cutaneous  branches  arise,  which,  after  traversing  the  muscle,  supply  the  skin 
the  sacrum  and  inner  part  of  the  buttock. 

Posterior  Sacro-coccygeal  Nerve. — The  posterior  divisions  of  the  fourth  UMp 
fifth  sacral  nerves  do  not  divide  into  internal  and  external  branches.  They  unite 
together  to  form  a  cord  which,  descending  behind  the  coccyx,  receives  the  minato 
posterior  ])riniary  division  of  the  coccygeal  nerve.  The  union  of  the  three  nerrw 
constitutes  the  posterior  sacro-coccygeal  nerve,  which,  after  perforating  the  sacnv 
sciatic  ligament,  is  distributed  to  the  skin  in  the  neighbourhood  of  the  coccyx.  It 
supplies  no  muscles.  This  nerve  Ls  the  reprasentative  of  the  superior  candal  tnnk 
of  tailed  animals. 

Morphology  of  the  Posteriok  Primary  Divisions. 

Tliere  are  several  ix)ints  of  morpliologieal  interest  in  relation  to  the  posterior  ])niuuy 
divisions  of  tlie  spinal  nerves. 

1.  Muscular  Distribntion. — In  their  muscular  distribution  they  are  stric.lly  limited  to  tk 
longitudinal  musclcH  of  the  back  :  namely,  those  associate<l  with  the  axial  skeleton  alone. 

2.  Cutaneous  Distribution. — Their  cutaneous  distribution  represents  two  i>ointj»  of  iiiterert. 

A.  In  the  first  place,  while  the  skin  of  the  back  is  supplied  in  a  regularly  se^mieiital  luannff 
by  the  ptveral  nerves,  certain  <.>f  them  fail  to  reach  the  surface  at  alL  The  absence  of  a  cutaaeooi 
branch  from  the  sub-occipital  nerve  may  be  due  either  to  the  alwencc  of  a  perfi^ct  doT)»l  rood  or 
to  it<i  communication  with  the  second  ner\'e.  The  other  nerves*,  which  do  not  usually  supplr  Hk 
skin,  are  the  seventh  and  eighth  cervical,  and  the  fourth  and  fifth  lumbar  ner\'esL  These  nerwi 
ar<;  placed  in  the  centre  of  regions  in  which  the  upper  a'ud  lower  limbs  are  developed.  They  an 
minute  nerves,  wliile  the  corresponding  ant4?rior  primary  divisions  arti  among  the  largest  of  the 
spinal  nerves.  Tlius,  op])osite  the  centre  of  eiich  limb,  j>osteriorly,  there  is  a  hiatus  iii  the 
segmental  distribution  of  the  posterior  primary  divisions  ol  the  s^>inal  nerves  to  the  skin  of  the 
slioulder  and  buttock,  attributable  to  the  formation  of  the  limits,  and  the  extension  into 
them  of  the  greater  part  of  the  nerves  of  the  region.  This  gap,  in  the  case  of  the  upjK-r  limb, 
<*,()mmen('es  at  the  level  of  the  verte]>ra  prominens ;  in  the  case  of  the  lower  limb  it  commencei  j 
oj)posite  tlie  h'vel  of  the  pa'^t^Tior  superior  iliac  spine.  It  can  be  continue<l  on  to  each  limb  as  i 
a  hypothetical  area  (the  dorsal  axial  line),  which  indicates  the  area  of  contact  ^and  overlapping) 

of  cutaneous  nerves  not  in  strictly  numerical  sequence.  Thus,  in  the  region  of  the  shoulder,  the 
sixth  (or  fifth)  cervical  nerve  innervates  an  area  of  skin  adjoining  that  8up]>lied  by  the  fint 
tlioracic  nerve  ;  in  the  region  of  the  buttock  the  thiitl  lumbar  nerve  sui>plies  an  area  contipuow 
with  tliat  supi>lied  })y  the  first  sacral  nerve. 

B.  The  cutaneous  branches  of  the  posterior  primary  divisions  of  the  spinal  ner^'esdifTfrfpom 
thf  muscular  bran('lies  in  respect  of  their  penetration  into  regions  Iwyond  tliose  supplitsi  bf 
their  motor  ro<jts.  The  cutaneous  branches,  in  regions  wliere  outgrowths  or  ext^msionn  from  the 
trunk  have  occurred,  follow  these  extensions ;  and,  in  consequence,  sujiply  skin  covering  parti 
whi(jh  do  not  belong  to  segnu'iits  repriisented  by  the  nerves  in  (piestion.  Thiw  the  second  and 
thiitl  cervical  nerves  (gn?at  and  lea<^t  occii)ital)  are  drawn  upwaixls  so  a**  to  supply  the  poe.terioi 
part  of  the  scalj) ;  the  upper  thoracic  nerves  an^  drawn  outwards  over  the  s<^apular  rffp'on ;  the 
up])cr  lumK-ir  and  sacral  nerves  supjdy  the  skin  of  the  hnttock;  and  the  sacro-coccygeal  wrst 
forms  a  rudimentary  caudal  nerve. 

3.  Plexuses. — The  plexuses  formed  by  the  posterior  primary  divisions  of  the  upjer 
cervical  and  upper  sacral  nerves  are  the  simj)lest  met  with  in  the  human  body.  The  posterior 
ciirvical  plexus  is  one  from  which  muscular  branches  are  suj)plit*d  ;  the  j>osterior  sacral  nlexiisi^ 
mainly  conccrneil  in  jurxlucing  cutaneous  offsets  In  the  case  of  the  posterior  cervical  plexu 
the  Kh>j»s  of  comuiunicatiim  between  the  first  three  or  four  cervical  nerves  result  in  the  formation 
of  a  series  of  nerves  for  the  supply  of  the  semispinalis,  complexus,  and  other  muscles,  which 
bring  into  contact  with  these  muscles,  simultaneously,  a  considerable  area  of  the  spinal  cord,  and 
provide  a  combined  and  simultaneous  innervaticm  for  the  several  parts  of  each  muscle.  In  the  case 
of  the  posterior  sacral  plexus,  the  formation  of  looi)S  b<*tween  the  nerves  results  in  the  inner\-a- 
tion  <»f  Hiiy  given  spot  in  the  cutaneous  area  supplied  from  thej*e  loops  by  more  than  one  spinal 
nerve.  As  has  been  said  already,  tlie  cutaneous  nerves,  even  without  the  formation  of  plexuses, 
overlap  in  their  cutaneous  distribution.  The  formation  of  a  j>lexus  causes  a  more  intimate 
union  of  neighlM)uring  spinal  nerves,  so  that  stimulation  of  the  surface  affects  a  wider  area  in 
the  spinal  cord  than  if  the  nerves  j)a**s<*d  separately  to  it  fi-om  the  surface.  While  segmentation 
l)ecomes  less  (»bvious,  increases!  co-orflination  is  effected  !>oth  of  movement  and  sensation. 
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OR  PRIMARY  DIVISIONS  OF  THE   SPINAL  NERVES. 

iterior  prim- 
ions   of    the 
Tes,  are,  with 
ption   of  the 
wo   cervical 
much    larger 
corresponding 
r  primary  divi- 
Composed    of 
t»  of  both  dorsal 
itral  roots,  each 
separates    from 
jsterior  primary 
>n  on   emerging 
Jie  intervertebral 
len,  and,  proceed- 
outwards,  is   dis- 
ced to  structures 
the     lateral     and 
;rior  aspects  of  the 
V, — including  the 
ba 

Each  nerve  is  joined 
ir  its  origin  by  a 
ij  mniui  commani- 
dM  from  the  sym- 
athetic  gangliated 
ord ;  and  in  the  case 
rf  certain  thoracic, 
urolrar,  and  sacral 
icrves,  the  anterior 
primary  division  gives 
3ff  a  delicate  bundle 
of  fibres,  which  forms 
the  white  ramus  com- 
immicanB  of  the  sym- 
pathetic cord.  That 
part  of  the  spinal  nerve 
i^hich  is  distrilmted  to 
thebody  wall  and  limbs 
may  lie  termed  somatic; 
the  small  white  ramus 
communicans,  in- 
nenating  the  struc- 
tures in  tlie  splanchnic 
area,inay  Ix;  termed  the 
▼iiceral  or  splanchnic 
partof  thespinal  nerve. 

The  anterior  prim-    On  one  side  tlie  distribution  of  tlu-  several  nervo 
^T    divisions      of     the  indicating  tlieir  nonionclature. 

•P^Ual  nerves  are  only,    G.A,    Great  auricular  nerve;    S.C,   Su|)erficial   cervical   nerve:    S.Ci 

clavicular  neivcs  ;  AcH,  Acr«)nnal  ;  ('L,  (clavicular  ;  St,  Sterna' 
Liateral  and  anterior  branches  of  thoracic  nerve«« ;  I.H,  Ilio-liy|>oj,Mstric  nerve  ;  I.I.  Ilioinguinal  ner 
Cutaneous  branch  of  circumflex  nerve  ;  L.  I.(!,  I/e^ser  internal  cutaneous  nerve  ;  I.H,  Intercosto-hui 
Internal  cutaneous  ;  M.S,  Cutaneous  branch  of  niuscuio-spiral  nerve  ;  K.C,  K.xtcrnal  cutaneous  ne 
Cknito-cmral  nerve  ;  M,C'  *,  Middle  cutaneous  nerves  :  I.C',  Branch  of  internal  cutaneous  nerve  :  I 
of  pndic  nerve  ;  S.Sc,  Branches  of  small  sciatic  nerve. 

^he  other  side  a  schematic  representation  is  given  of  the  arcjus  supplied  by  the  al)ove  nerves,  tl 
indicating  the  apinal  origin  of  the  branches  of  distribution  to  each  area. 


Dl.sTKlIiUTION 


OK    ('I'TANKOL'S 

THK  Think. 


NERVKS    on    THK 


represented,  tli 
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in  certain  cases,  distributed  in  a  regular  segmental  manner.     Except  in  the 
the  thoracic  nerves,  the  anterior  primary  divisions  combine  to  form  the  three 
plexuses — cervical,  brachial,  and  lumbo-sacral — and  their  arrangement  and  ' 
tion  is  rendered  exceedingly  complex. 

A  thoracic  nerve,  .such  as  the  fifth  or  sixth,  may  be  regarded  as  a  type 
jj.  illustrate  the 

^'    ^  ^^  of    distribution 

the  anterior 
divisions  of 
spinal  ner\'e8  (1 
486,    p.    609). 
occupies    an 
costal   space ; 
its  origin  it 
gray  and  whiU 
cofnmunieanta; 
courses  through 
interval  betweentk 
intercostal  musdei 
it  supplies  bnmdi 
to     these     miudi 
and  gives  off,  wl 
it  reaches  the  t 
o{thechest,alaUri 
branch,  which,  afiff 
supplying   smil 
muscular  biandM^ 
pierces  the  extemt 
intercostal    moaikt 
and   is   distributo 
to  an  area  of  sidi 
over  the  lateral  put 
of  the  trunk,  co^ 
tiguous  dorsally 
with  a  similar  area^ 
innervated  by  tte 
cutaneous  branclM 
of      the     posteiior 
primary  division  of   , 
the    same  nerTft   , 
The  lateral  braneh 
generally  subdivida 
into  a  smaller  foir 
terior  and  a  laiger 
anterior  trunks d&ii 
pierces  the  muscte 
clothing  the  wall  of 
the  chest     The  an- 
terior primary  divi- 
sion  of    the  nerve 
then     pursues    i^ 
course  obliquely  fo^ 
wards  to  the  side  ^ 
the  sternum,  whe^^ 


JTJ* 


^rjc 


FIC! 


SuptTticial  Division. 

Ascending  branches  (Asc. ) — 
S.O.    JSniaU  occipital. 
G.A.  Great  auricular. 
S.C.    Sui)erficial  cervical. 

Descending  (Mipra-clavicular)  branches 
I  Desc. ) — 
Acr.  Acromial. 
CI.     Clavicular. 
St.      Sternal. 

Deep  Division. 

External  branches — 

Communicating  iC.)  to  spinal  acces- 
sory nerve  (^p.  Aec). 

Muscular — 

S.M.      Sterno-mastoid. 

Tr.         Trapezius. 

L.A.hJ.   Lievator  angiili  scapula;. 

Sc.M.     Scalenus  medius. 


/%r  St 

490. — The  Cervical  Plexus. 

Internal  branches — 


Communicating  to 
Hy.  Hyi»oglos8al. 

Va.  Vagus. 

Sy.  Sympathetic  ganglion. 

D.Cerw   Descendens  cervicis. 


Muscular — 


M^. 

Sc.A. 

Phr. 

G.Hy. 

Tli.Hv. 

D.Hy. 

Ansa. 

S.Th. 

S.Hy. 

O.Hy. 


Rectus  capitis  anticus  minor. 

and  lateralis. 
Longus    colli,    and    rectus 

ca]>itis  anticus  major. 
Scalenus  anticus. 

Phrenic  nerve. 
Nerve  to  genio-hyoid. 
Nerve  to  tliyro-hyoid. 
Descendens  hypoglo.ssi. 
Ansa  hypoglossi. 
Nerve  to  sterno-thyroid. 
Nerve  to  sterno-hyoid. 
Nerves  to  omo-hvoid. 


after    piercing   tl^ 
|)ectoral  muscles, 

appears  superficially  as  the  anterior  terminal  cutaneous  branch.  This  supplies  an  ai^ 
of  skin  continuous  with  tliat  supplied  by  the  anterior  part  of  the  lateral  branch  ^ 
the  same  nerve.     Such  a  nerve  thus  supplies  by  means  of  its  lateral  and  anteri^ 
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m  area  of  skin  which  (with  the  area  supplied  by  tlie  cutaneous  branch 
terior  primary  division)  forms  a  continuous  and  uninterrupted  belt, 
from  the  middle  line  behind  to  the  middle  line  in  front.  The  lateral 
>r  branches  of  the  nerve  innervate  in  their  course  the  intercostal  and  other 
*  be  afterwards  mentioned  in  detail. 

CERVICAL  NERVES. 

terior  primary  divisions  of  the  cervical  nerves,  together  with  parts  of  the 
second  thoracic  nerves,  are  distributed  to  the  head,  neck,  and  upper 
The  first  four  cervical  nerves,  by  means  of  the  cervical  plexus,  innervate 
the  last  four  cervical  nerves,  together  with  a  large  part  of  the  first 
erve,  through  the  brachial  plexus,  supply  the  upper  limb.  The  second 
erve  may  contribute  a  trunk  to  this  plexus,  and  always  assists  in  the 
Q  of  the  arm. 

THE  CERVICAL   PLEXUS. 

terior  primary  divisions  of  the  first  four  cervical  nerves  are  concerned 
;  ithe  cervical  plexus.  Each  nerve  emerges  from  the  spinal  canal  behind 
►ral  artery.  Each  is  joined  on  its  emergence  from  the  intervertebral 
t  the  side  of  the  vertebral  column,  by  a  gray  ramus  commnnicans  from  the 
jrvical  ganglion  of  the  sympathetic.  In  the  neck  the  cervical  nerves  are 
by  the  sterno-mastoid  muscle ;  in  front  lies  the  rectus  capitis  anticus 
.  behind  are  the  scalenus  medius,  and  (behind  the  first  or  sub-occipital 
rectus  capitis  lateralis.  The  cervical  plexus  is  constituted  by  the  com- 
f  these  nerves  in  an  irregular  series  of  loops  under  cover  of  the  sterno- 
uscle. 

hese  loops  the  branches  of  distribution  arise,  as  (a)  cutaneous  branches  to 
leck,  and  shoulder ;  (6)  muscular  branches  to  the  muscles  of  the  neck  and 
ragm ;  and  (c)  communicating  branches  to  the  vagus,  spinal  accessory, 
J,  and  sympathetic  nerves. 

nvenience  of  description,  the  nerves  derived  from  the  plexus  may  be 
,s  follows : — 

I.  Superficial  (cutaneous)  Branches — 

ng  Branches  (C.  2,  3).  B.  Descending  (supra-clavicular)  Branches  (C.  3,  4). 
occipital,  Acromial, 

auricular,  Clavicular, 

iciiil  cervical.  Sternal. 

II.  Deep  (muscular  and  communicating)  Branches — 

A  Branches.  B.  Internal  Branches. 

lar  branches  to  1 .      Muscular  to 

no-niastoid  (C.  2),  Prevertebral  muscles  (C.  1,  2,  3,  4), 

3ezius  (C.  3,  4),     •  Infra-hyoid  muscles  (C\  1,  2,  3) 

iter  auguli  scapula}  (C.  3,  4),  (ansii  hypoglossi), 

cni  (medius  and  posticus)  (C.  3,  4).  Diaphragm  (( '.  3,  4)  (])hronic 

unicating  branches  to  nerve), 

lal  accessory  nerve  (C.  2,  3,  4).  2.  (.'onmiunicating  branches  to 

Vagus  nerve  (C.  1,  2), 
Hy[)oglossal  nerve  (G.  1,  2), 
('.  ilypoglossi  (C.  2,  3), 
Sympathetic  (V.  1,  2,  3,  4). 

jond,  third,  and  fourth  cervical  nerves  are  the  chief  uerves  engaged  in 
le  plexus.     The  first  cervical  nerve  only  enters  into  the  fonnation  of  a 
— the  internal  portion  of  the  deep  part  of  the  plexus. 
icial  Cutaneous  Branches. — These  nerves,  six  in  number,  are  entirely 
They  radiate  from  the  plexus,  and  appear  in  the  ])osterior  triangle  of 
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the  neck  at  the  posterior  border  of  the  sterno-mastoid  muscle.  They  are  di 
into  two  series,  the  one  ascending :  small  occipital,  great  auricular,  and  sup 
cervical ;  the  other  descending  (supra-clavicular) :  sternal,  clavicular,  and  acr 
Ascending  Branches. — The  small  occipital  nerve  (n.  occipitalis  minor)  is  v; 
in  size  and  is  sometimes  double.  Its  origin  is  from  the  second  and  third  o 
nerves  (more  rarely  from  the  second  only).  It  extends  backwards  beneai 
sterno-mastoid,  and  then  upwards  along  its  posterior  l)order.  Piercing  th( 
fascia  near  the  apex  of  the  posterior  triangle,  it  divides  into  auricnlar,  mastoi 

occipital  branches,  and  suppUes 
cervical  branches  to  the  uppe 
of  the  neck.  The  auricular  1 
supplies  the  skin  of  the  deep  s 
of  the  pinna ;  the  mastoid  andoc« 
branches  supply  the  scalp.  The 
communicates  on  the  scalp  wit 
great  occipital  and  great  aui 
nerves,  and  with  the  posterior  aui 
branch  of  the  facial  nerv^e. 

The  great  auricnlar  nerve  (u 
cularis  magnus)  is  the  largest 
cutaneous  branches.     It  arises 
the  second  and  tliird  cervical  : 
(or,  more  rarely,  from  the  third  j 
Winding  round  the  ix)sterior 
of  the  storno-mastoid  muscle,  it  c 
vertically  upwards  towards  tl 
In  this  course  it  crosses  the  f 
mastoid    muscle    obliquely    a 
covered    by   the   platysma    m; 
Before  arriving  at  the  ear  it  subc 
into    mastoid,  auricular,   and 
branches.  The  mastoid  branches 
over  the  mastoid  process  and  i 
the  skin  of  the  scalp  l»ehind  tl 
communicating   with    the   sms 
cipital  and  posterior  auricular  i 
The  auricular  branches  ascend 
ear  and  supply  the  lower  part 
pinna  on   lK)th   aspects;   thev 
municiite  with  the  same  nerves. 
fiEkcial  branches,  passing  over  tht 
of  the  jaw  and  through  the  sul 
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Ophth,  Ophtlmhuic  <iivi8ion  of  the4ifth  iiene  ;  S.T,  Supra- 
trochlear branch  ;  S.O,  Supra-orbital  branch ;  I.T, 
Infra-trotihlear  branch ;  L,  Lachrymal  brancli ;  N, 
External  nasal  branch  ;  Sup.  Max,  Superior  maxillary 
division  ;    T,  Temiwral  branch  ;    M,   Malar  branch  ; 

I.O,  Infra-orbital  branch  :  Inf. Max,  Inferior  maxillary  of  the  parotid  gland,  SUpplv  th 
division  ;  A.T,  Auriculo-tenii)oral  branch  ;  B,  Buccal  nf 
branch  ;  M,  Mental  branch  ;  C.2,  3,  Branches  of  the 
second  and  third  cervical  nerves  ;  G.O,  Great  occipital 
nerve;  S.O,  Small  occipital  nerve;  G.A,  Great 
auricular  nen'e  ;  S.C,  Superficial  cervical  nerve  ;  C.3, 
Least  occipital  nerve ;  4,  6,  6,  Posterior  j)rimary 
divisions  of  4th,  5th,  and  6th  cervical  nenes. 


the  check  over  the  lower  p 
the  miisseter  muscle  and  the  j 
gland.  They  communicate 
branches  of  the  facial  nerve  ; 
parotid  gland. 

The  superficial  cervical  nez 
cutaneus  colli)  arises  from  the  second  and  third  cervical  iiervea  It  winds 
the  posterior  border  of  the  sterno-mastoid  muscle,  and  crosses  the  muscle  to 
the  anterior  triangle,  under  cover  of  the  ])latysma  myoides  muscle  and  the  ex 
jugular  vein.  It  divides  near  the  anterior  edge  of  the  sterno-mastoid  muse) 
upper  and  lower  ]»ranches,  which  are  distributed  through  the  platysma  myoi 
the  skin  covering  the  anterior  triangle  of  the  neck.  The  upper  branchee 
municate  freely  beneath  the  platysma  myoides  with  the  infra-mandibular  bra 
the  fticual  nerve. 

Descending  (supr€K)lavicular)  Branches. — By  the  union  of  two  roots  d 
from  the  third  and  fourth  cervical  nerves  a  considerable  trunk  is  formed, 
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from  under  cover  of  the  stemo-mastoid  muscle  and  extends  obliquely 
awards  through  the  lower  part  of  the  posterior  triangle  of  the  neck.  It  sub- 
into  radiating  branches — sternal,  clavicular,  and  acromial — which  pierce  tlie 
fiELScia  of  the  neck  al)Ove  the  clavicle,  and  are  distributed  to  the  skin  of  the 
part  of  the  side  of  the  neck,  the  front  of  the  chest,  and  the  slioulder.  The 
bimnclies  (rami  supra-sternales)  are  the  smallest.  Passing  over  the  inner 
i  of  tlie  clavicle,  they  supply  the  skin  of  the  neck  and  chest  as  far  down  as 
>  mauu brio-sternal  joint.  The  clavicular  branches  (rr.  supra-claviculares)  pass 
r  the  middle  third  of  the  clavicle,  beneath  the  platysma,  and  can  be  traced 


iiervx 
aoguti  Ar»|iiiili!:'' 


SpimU 


ECcTTP  ^  UMpttAim^ 


PiMteriartkom^i 
Jtftrvp 


[tii^T^jaJ  laryii- 
"41^1  aervo 

ntstT't  0  to 
tbjro-hyoM 

bi|rpu||i;IuA!f(i 


Fir;.  492. — Thk  Trianulks  ok  THK  Nkck  (Nerves;. 

•^^  low  as  the  nipple.  The  acromial  branches  (rr.  su])ra-tKroniiales)  ]>as8  over  or 
lirough  the  insertion  of  the  trapezius  muscle,  and  over  the  outer  third  of  the 
lavicle,  to  the  shoulder,  where  they  HU]>ply  the  skin  as  far  down  as  the  lowt»r  tliird 
I'  thi  deltoid  muscle. 

Deep  Branches. — Tlie  deep  branches  of  the  cervical  plexus  are  naturally 
■l>amted  into  an  external  and  an  internal  set  by  their  relation  to  th«*  sterno-mastoid 
luscle.  I^neath  the  muscle,  the*  external  l)ranches  arc  directed  outwanls  tnwards 
^le  |X)sterior  triangle,  the  internal  branches  inwards  towards  the  anterior  triani^le. 

The  external  branches  consist  of  muscular  and  communicating  nerves,  wliich 
^rthe  most  part  occupy  the  posterior  triangle. 

The  muscular  branches  are  the  following :  (Ij  To  the  sierjio-masioid,  from  the 
econd  cervical  nerve.     This  enters  the  muscle  on  its  dee])  surface  and  communicates 
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with  the  spinal  accessory  nerve.  (2)  To  the  trapezi%LS,  from  the  third  and 
cervical  nerves.  These  nerves  cross  the  posterior  triangle  and  end  in  the  tn 
after  having  communicated  with  the  spinal  accessory  nerve,  in  the  posterior  t 
and  beneath  the  muscle.  (3)  To  the  levator  anguli  scapulw,  from  the  thi 
fourth  cervical  nerves.  Two  independent  branches  enter  the  outer  surface 
muscle  in  the  posterior  triangle.  (4)  To  the  sccdeni  (medius  and  posticus 
the  third  and  fourth  cervical  nerves. 

The  commnnicatiiig  branches,  already  mentioned,  are  three  in   number. 


Hyikxjlossal  xkbve 
Recurrent  branch 


Vagxts  nervk 

Superior  cervical  ganglion  of  the  sj-mpathetic 


First  ckb vital  shiite 


JSECOSr*  rERVMJilL  iSKIII  c 


Third  cehv-icaj. 

Styks^iTng'^ti'* 


Pharyxoeal  DLtAjecn  ov  VA'aT^' — 

I>E.SrEXI'rNfl  UVtTHUtOiSil 


MJddlft  eoDAtilcUiT  - 


Internal  l-uoxueaj.  kervi 

AK»A  RV'IriOOLOSBI 


Tnfertor  wDStrictor 


Ora<^-byoid 


Qunio-hj 


Fig.  493. 


-The  Muscles  of  the  Hyoid  Bonk  and  Styloid  Process,  and  the  Extrinsic  Mc 
THE  Tongue,  with  their  Nerves. 


join  the  spinal  accessory  nerve  in  three  situations : — (a)  A  branch  from  the 
cervical  nerve  to  the  sterno-mastoid  joins  the  spinal  accessory  nerve  henea 
rnuscle,  (h)  Brandies  to  the  trapezius  from  the  third  and  fourth  nerves  a 
nected  with  the  spinal  accessory  nerve  i7i  the  posterior  trmngle,  (c)  Branch< 
the  same  nerves  join  the  spinal  accessory  nerve  beneath  the  trapezius  musde. 

The  internaJ  branches  of  the  plexus  also  comprise  muscular  and  cob 
outing  branches.  The  first  cervical  nerve  assists  in  the  formation  of  this  « 
nerves,  forming  a  slender  loop  with  part  of  the  second  nerve  in  front  of  the 
verse  process  of  tlie  atlas. 

Commnnicating  Branches,  (a)  With  the  sympathetic. — Gray  rami  con 
cantes  pass  to  each  of  the  first  four  cervical  nerves,  near  their  origins^  fn 
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erior  oervical  ganglion  or  from  the  cord  below  the  ganglion.  (6)  With  the 
mnu>g€utrie  nerce. — The  ganglion  of  the  trunk  of  the  pneumogastric  nerve  may 
aoxmected  by  a  slender  nerve  with  the  loop  between  the  first  two  cervical  nerves. 
8  communication  is  not  constant,  (c)  With  the  hypoglossal — An  important 
imunication  occurs  between  the  hypoglossal  nerve  and  the  loop  between  the  first 
[  second  cervical  nerves  (Fig.  493).  A  trunk  from  the  last-named  nerves  joins  the 
»oglos8al  just  beyond  its  exit  from  the  skull.  One  fine  branch  from  this  trunk 
see  upwards  along  the  hypoglossal  nerve  towards  the  skull  (ineningeal  branch). 
5  main  part  of  the  trunk  accompanies  the  hypoglossal  and  separates  from  it  succes- 
dy  in  three  ner\'es~the  descendezis  hypofflossi,  and  the  nerves  to  the  thyro-hyoid 
I  genio-hyoid  muscles.  The  portion  of  the  nerve  which  remains  accompanies  the 
>oglo68al  to  the  muscles  of  the  tongue.  It  is  probable  that  no  part  of  the  hypo- 
3sal  nerve  itself  is  concerned  in  the  formation  of  these  three  branches.  The 
cending  branch  of  the  hypoglossal  (r.  descendens  hypoglossi)  descends  in  front  of 
\  couuuon  carotid  artery,  and  is  joined  in  the  anterior  triangle  of  the  neck  by 
5  descending  cervical  nerve,  to  form  the  ansa  hypoglossi,  from  wliich  the  infra- 
3id  muscles  are  innervated.  (The  descending  branch  of  the  hypoglossal,  in  some 
ies,  arises  from  the  pneumogastric  nerve.) 

Muscular  Branches. — The  muscles  supplied  by  the  internal  branches  of  the 
jxus  are  the  prevertebral  muscles,  the  genio-hyoid  and  infra-hyoid  muscles,  and 
a  diaphragm. 

(a)  Prevertebral  Muscles. — 1.  From  the  loop  between  the  first  and  second 
rvical  nerves  a  small  branch  arises,  for  the  supply  of  the  rectus  capitis  lateralis 
d  the  recti  capitis  antici  (major  and  minor).  2.  From  the  second,  third,  and 
arth  nerves  small  branches  supply  the  inter- trans versales,  longus  colli,  and  rectus 
pitis  anticus  major.  3.  From  the  fourth  nerve  a  branch  arises  for  the  upper  part 
the  scalenus  anticus. 

(h)  Oenio-hyoid  and  Infra-hyoid  Muscles. — The  descending  cervical  nerve  (n. 
Tvicalis  descendens)  is  formed  in  front  of  the  internal  jugular  vein  by  the  union 
:  two  slender  trunks  from  the  second  and  third  cervical  nerves.  It  forms  a  loop 
I  communication  in  front  of  the  carotid  sheath  with  the  descending  branch  of  the 
ypoglossal  nerve  (derived  ultimately  from  the  first  two  cervical  nerves).  This 
wp  of  couununication  is  called  the  ansa  hypoglossi.  It  is  often  plexiform ;  and 
roin  it  branches  are  given  to  the  stemo-hyoid,  sterno- thyroid,  and  onio-hyoid 
luscles.  The  nerve  to  the  stemo-hyoid  muscle  is  often  continued  behind  the 
ternum,  to  join  in  the  thorax  with  the  phrenic  nerve  or  the  cardiac  plexus. 

The  thyro-hyoid  muscle  and  the  genio-hyoid  muscle  are  supplied  by  branches  of 
he  hypoglossal  nerve,  which  are  also  traceable  back  to  the  communication  between 
he  hypoglossal  and  the  first  two  cervical  nerves. 

The  anterior  muscles  in  immediate  relation  to  the  middle  line  of  the  neck, 
etween  the  chin  and  the  sternum,  are  thus  continuously  supplied  by  the  first 
liree  cervical  nerves.  The  hypoglossal  is  the  nerve  of  the  muscles  of  the  tongue, 
ad  it  i-*  not  certain  that  it  contributes  any  fibres  to  the  above-named  muscles. 

(c)  Diaphragm. — The  phrenic  nerve  supplies  tlie  diaphragm. 

Phrenic  Nerve. 

The  phrenic  nerve  (n.  phrenicus)  is  derived  mainly  from  the  fourth  cervical 
en'e,  reinforced  by  roots  from  the  third  (either  directly  or  througli  the  nerve  to 
le  stemo-hyoid)  and  fifth  (either  directly  or  througli  the  nervi?  to  the  Hubclavius 
luscle).  It  passes  downwards  in  the  neck  upon  the  scalenus  anticus  muscle ;  at 
le  root  of  the  neck  it  enters  the  thorax  between  the  subclavian  artery  and  vein, 
rul  traverses  the  mediastinum  to  reach  the  diaphragm,  lying  in  the  middle 
lediastinum  between  the  pericardium  and  pleura,  and  in  front  of  tlu*  root  of  the 
Hig.  In  its  course  it  presents  certain  difterences  on  the  two  sides.  In  the  neck, 
fi  the  left  side,  it  crosses  the  first  ]»art  of  the  subclavian  artery:  on  the  right  side 
crosses  the  second  part.  In  the  sui)erior  mediastinum,  on  the  left  side,  it  lies 
etween  the  left  subclavian  and  carotid  arteries,  and  crosses  the  pneumogastric 
enre  and  the  aortic  arch.     On  thr.  right  side  it  accom])anies  the  innominate  vein 
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and  superior  vena  cava,  and  is  entirely  separate  from  the  pneumogastric 
The  left  nerve  is  longer  tlian  the  right,  owing  to  the  position  of  the  heart  and  I 
left  half  of  the  diaphragm.     Tlie  right  nerve  sends  fibres  along  the  inferior  \ 
cava  through  the  foramen  quadratum.    Reaching  the  diaphragm  the  nerve  sepui    ^ 
into  numerous  branches  for  the  supply  of  the  muscle;   some  enter  its  thoq 
surface  (aub-pleural  brandies),  but  most  of  the  fibres  supply  it  after  piercing  1 
muscle  (sub-peritoneal  branches). 

Tlie  branches  of  the  phrenic  nerve  are — 1.  Muscular  (to   the  diaphragm); 
pleural ;  3.  pericardiac ;  4.  inferior  vena  caval ;  5.  capsular ;  and  6.  hepatic. 

The   branches  to   the   pleura   and   pericardium   arise   as    the    phrenic 
traverses  the  mediastinum.     The  branches  to  the  inferior  vena  cava,  supram   ^ 
capsule,   and   liver  arise   after   communication  of  the   phrenic   nerve  with 
diaphragmatic    i)lexus    of    the   sympathetic   on    the   alxiominal   surface  of 
diaphragm. 

Gommunications  of  the  Phrenic  Nerve. — 1.  The  i)hrenic  nerve  may  commt 
witli   tlic   nerve   to  the   subclavius  muscle.      2.    It    may   communicate    with  the 
ht/po(/lo8s{,  or  a  branch  from  it  (the  nerve  to  the  sternohyoid).     3.   It  frequently 
municates  with  the  cervical  part  of  the  sympathetic.      4.    It  communicates  with 
sohir   plexus  by  a   junction   upon   the  abdominal   surface  of  the  diaphragm 
(liaphrm/mfitic  phxiis  on   the    inferior  phrenic  artery,  in   which  a  small  rfwj 
f/anglio7i  is  foiuid  on  the  right  side.     From  this  junction  branches  are  given  off  to 
inferior  vena  cava,  suprarenal  capsule,  and  hepatic  plexus. 

Morphology  of  the  Cervical  Plexus. 

The  characteristic  feature  of  the  cervical  plexus  is  the  combination  of  parts  of  adjaoent 
into  compound  nerve-trunks  by  the  formation  of  series  of  loojis.     The  result  ol  the  fonnitioik 
these  loops  is  that  parts  (particularly  cutaneous  areas)  are  supplied  by  branches  of  more  than 
spinal  nerve. 

A.  Cutaneous  Distribution. — Bv  the  combinations  of  the  nerves  into  loops  the  discriminatka; 
of  the  elements  in  the  upper  cervical  nerves,  corresponding  to  the  lateral  and  anterior  bruicki 
of  a  typical  thoracic  nerve,  is  made  a  matter  of  some  difficulty.  The  second,  third,  ai 
fourth  nerves,  through  the  cervical  plexus,  supply  an  area  of  skin  extending,  laterally,  from  tk 
side  of  the  head  to  the  shoulder ;  anteriorly,  from'  the  face  to  the  level  of  the  nipple.  The  bigfaff 
nerve-s  sui)i)ly  the  upper  i-egion  (second  and  third) ;  the  lower  nerves  supply  the  lower  regioi 
(third  auu  fourth).  It  is  not  possible  to  strictly  compare  the  individual  nerves  with  the  latenl 
and  anterior  branches  of  a  tlioracic  nerve,  A  line  drawn  from  the  ear  to  the  middle  of  Jh 
clavicle  separatiis,  however,  a  lateral  from  an  anterior  cutaneous  area ;  and  certain  of  tin 
cutantious  nerves  fall  naturally  into  one  of  these  two  categories.  The  nerves  homologoiu  wiA 
anterior  branches  of  intercostal  nerves  ai'e  the  superficial  cervical  and  the  sternal  brancba  rf 
the  supra-clavicular  series ;  those  homologous  with  lateral  branches  are  the  small  occipital  aii 
acronual  branches.  The  great  auricular  and  clavicular  branches  are  mixed  nerves,  comprbiig 
elements  l>elonging  to  both  sets. 

B.  Muscular  Distribution. — The  nerves  fi-om  the  cervical  plexus,  supplying  muflcltti,iie 
simpler  in  their  arrangement.  They  are  not  generally  in  the  form  of  loops,  and  tiiey  are  €aaly 
separated  into  lateral  and  anterior  series.  The  lateral  nerves  ami  prise  the  branches  to  ik 
rectus  capitis  lateralis,  sterno-mastoid,  trajMizius,  levator  anguli  scapulas.  The  nerves  in  Ibe 
anterior  series  are  those  to  the  ivcti  antici,  the  hyoid  nnischis,  and  the  diaphragm. 

It  is  noteworthy  that  the  host-named  muscles — genio-hyoid,  thyro-hyoid,  stemo-hyoid, omo- 
hyoid, stenio-thyroid,  and  diaj>hragm — are  continuously  supplied  by  branches  fixjm  the  first  fiw 
cervical  nerves  :  the  higher  muscles  by  the  higher  nerves  ;  tlie  lower  muschis  by  the  lower  nervtt. 


THE   BRACHIAL    PLEXUS. 

The  brachial  plexus  is  formed  by  the  anterior  primary  divisions  of  the  fifth, 
sixth,  seventh,  and  eighth  cervical  nerves,  along  with  the  greater  part  of  the  fiRt 
thoriicic  nerve.  In  some  cases  a  slender  branch  of  the  fourth  cervical  nerve  is  also 
engaged ;  and  the  second  thoracic  nerve,  in  all  cases,  also  contributes  to  the 
innervation  of  the  arm,  through  the  intercosto-humeral  nerve.  It  many  cases  it 
contributes  also  directly  to  the  plexus,  by  an  intra-thoracic  communication  with 
tlie  tirst  thoracic  nerve. 

Position  of  the  Plexus — The  nerves  forming  the  brachial  plexus  appear  in 
the   i>osterior   triangle  of  the  neck  between   the  scalenus  anticus  aud  aoaksos 
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B  xnuades;  the  plexus  is  formed  in  close  relation  to  the  subclavian  and 
7  arteries  ;  the  nerves  emanating  from  it  accompany  the  artery  to  the  axilla, 
they  are  distributed  to  the  shoulder  and  upper  limb. 

miminication  with  the  Sympathetic. — The  lower  four  cervical  nerves  comnmnicate 
he  cervical  portion  of  the  sympathetic  by  means  of  gray  rami  communicantes. 
>ranche8  arise  from  the  middle  cervical  ganglion,  and  join  the  anterior  primary 
us  of  the  fifth  and  sixth  nerves.  Two  arising  from  the  inferior  cervical  ganglion 
be  seventh  and  eighth  nerves.  They  reach  the  nerves  either  by  piercing  the 
tebral  muscles  or  by  passing  round  the  border  of  the  scalenus  anticiis  muscle. 

imposition  of  the  Brachial  Plexus. — In  an  analysis  of  the  brachial  plexus 
tages  may  be  always  seen  :  — 


Fig.  -194. — The  Nerves  ok  the  Brachial  Plexus. 

Dpathetic  gangliated  cord  ;  I*hr,  Phrenic  nerve  ;  C.4,  5,  6,  7,  8,  T.l,  2,  3,  Anterior  i»riniHry  divisions  of  the 

lower  cer\'ical  and  upper  thoracic  nerves;  M*,  M***,  Muscular  hrnnches  to  axial  muscles;  P.T,  Ix)ng 

thoracic  nerve  ;  Rh,   Ner>e  to  rhomlx>idH  (|>osterior  scapular)  ;    Subcl,  Nerve  to  8ul)clavius  muscle  ; 

Int,  Intercostal  nerves  ;  S.Sc,  Supra-scajjular  nerve.     The  intercostal  part  of  the  first  thoracic  nerve 

Is  omitted. 

(.'onl. — E.A.T,  External  anterior  thoracir  nerve  ;  M.C,  Musculo-cutaneous  nerve  ;  I'b,  Nerve  to  coraco- 

hrachialis  ;  M,  Median  neive. 

'ord. —  I..\.T,  Internal  anterior  thoracic  nerve  ;  U,  Ulnar  nerve  ;  !.(",  Internal  cutaneous  nerve  ;  L.l.C, 

I^esfter  internal  cutaneous  nerve. 

or  Coni. — Circ.  Circumflex  nerve  ;  M.S,  Musculo-spiral  ner>e  ;  S.Sub,  Short  sultscapular  uarve  ;  M.Sub, 

Lower  snlMicapular  nerve  ;  L.Sub,  I^ng  subscapular,  nerve  ;  I. II,  Intercosto-humeral  nerve  :  Lnt,  l.atcral 

branch  of  third  intercostal  nerve. 

!)  The  separation  of  the  nerves  into  ventral  (anterior)  unci  dorsal  (posterior) 

tninks  ;  and  the  formation  of  three  primary  cords. 
V)  The  formation  of  three  secondary  cords — outer,  inner,  and  posterior. 
[)  The  origin  of  the  nerves  of  distribution. 

.)  The  undivided  nerves  liave  only  a  ver}'  short  independent  course  at  the  side 
3  neck,  aftt^r  passing  })et\vi?eii  tlie  Hcalene  muscles. 
I)  Almost  immediately  after  entering  the  posterior  triangle  there  are  formed 

primary  cords :  the  first  cord  is  formed  by  the  union  of  the  fifth  and  sixth 
^s  together;  the  second,  by  the  seventh  nerve  alone;  and  the  third,  by  the 
1  of  tlie  eighth  cervical  and  first  thoracic  nerves  together.  AVhile  these  cords 
eing  formed,  a  division  occurs  in  each  of  the  last  four  cervical  nerves,  into 
al  (anterior)  and  dorsal  (posterior)  trunks;  tlie  first  thoracic  nerve  usually 

rise  to  no  dorsal  trunk.     The  ventral  and  dorsal  trunks  of  the  fifth,  sixth, 
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and  seventh  nerves  are  nearly  equal  in  size.     The  dorsal  trunk  of  the 
cervical  nerve  is  much  smaller. 

(3)  The  secondary  cords  of  the  plexus  are  fonned  by  coiubinations  of 
ventral  and  dorsal  trunks  in  relation  to  the  axillary  artery.     They  are  th 
number.     The  outer  cord  (fasciculus  lateralis)  is  formed  by  a  combination  of  I 
ventral  trunks  of  the  fifth,  sixth,  and  seventh  nerves,  and  lies  on  the  outer  aid 
the  axillary  artery.     The  inner  cord  (fasciculus  medialis)  is  formed  by  a  combii 
of  the  ventral  trunk  of  the  eighth  cervical  with  the  part  of  the  first 
nerve  engaged  in  the  formation  of  the  plexus;   it  lies  on  the  inner  side  ofj 
axillary  artery.     The  posterior  cord  (fasciculus  posterior)  is  made  up  of  all  | 
dorsal  trunks  from  the  fifth,  sixth,  seventh,  and  eighth  cervical  nerves,  and  I 
behind  the  axillary  artery.     The  first  thoracic  nerve  does  not  usually  contribad 
the  posterior  cord,  and  the  branch  when  present  is  a  fine  nerve. 

(4)  The  nerves  of  distribution  for  the  shoulder  and  arm  are  derived  from  1 
secondary  cords,  and  receive  in  this  way  various  contributions  from  the  con 
spinal  nerves.  From  the  outer  cord  arise  the  external  anterior  thoracic  and  niu 
cutaneous  nerves,  and  the  outer  head  of  the  median  nerve.  From  the  innar  i 
arise  the  inner  head  of  the  median,  the  ulnar,  internal  cutaneous,  lesser  int( 
cutaneous,  and  the  internal  anterior  thoracic  nerves.  From  the  posterior  cord  i 
the  circumflex,  the  three  subscapular,  and  the  musculo-spiral  nerves. 

It  is  to  be  reuieinbered  that,  although  derived  from  a  secondary  cord  formed  by  a  ( 
set  of  spinal  nerves,  any  given  nerve  does  not  necessarily  contain  fibres  from  all  the  coi 
nerves ;   e.fj.  lx)tli  the  niusciilo-ciitaneous  and  circumflex  nerves,  from  the  outer  and 
conU  res|>ectively,  are  ultimately  derived  only  from  the  fifth  and  sixth  cervical  nerves. 

The  Bkanches  of  the  Brachial  Plexus. 

It  is  customary  to  separate  artificially  the  nerves  of  distribution  of  the  1 
plexus  into  two  sets:  (1)  supra-clavicular  and  (2)  infra-clavicular.     Clinically  it  i 
important  to  realise  the  position  of  origin  of  certain  nerves.     The  nerves  to  t' 
prevertebral  nmscles,  the  communication  with  the  phrenic,  the  posterior  scap  " 
and  long  thoracic  nerves,  arise  from  the  roots  of  the  nerves  involved  in  the  i 
The  supra-scapular  and  the  nerve  to  the  subclavius  arise  at  the  level  of  formationfl 
the  secondary  cords ;  and  the  anterior  thoracic  and  subscapular  nerves  arise  fromt 
secondary  cords,  prior  to  their  ultimate  subdivision  into  the  nerves  of  distribute 
for  the  upper  limb. 

Supra-clavicular  Nerves. — The  nerves  derived  from  the  plexus  above  tU 
level  of  the  clavicle  are,  like  the  main  trunks,  divisible  into  two  series ;  aafeakl 
branches  arising  from  the  front,  and  posterior  branches  arising  from  the  back  of  thi 
plexus  (Fig.  494,  p.  623). 

Anterior  Branches.  Posterior  Branches. 

1.  Nerves  to  scalenus  anticus  and  1.  Nerves  to  scaleni,  mediusul 

longus  colH.  posticus. 

2.  Communicating  nerve  to  join  2.  Posterior  scapular  uenre. 

the  phrenic  nerve.  3.  I^ng  thoracic   nerve. 

3.  Nerve  to  the  subclavius  muscle.  -i.  Supra-scapular  nerve. 

The  muscular  twigs  to  the  scalenus  anticus  and  longus  colli  arise  from  the  lower 
four  cervical  nerves,  as  they  emerge  from  the  intervertebral  foramina. 

The  conmiunicating  nerve  to  the  phrenic  arises  usually  from  the  fifth  cenical 
nerve  at  the  outer  border  of  the  scalenus  anticus.  It  Ls  sometimes  absent,  and 
(Xieasionally  an  additional  root  is  present  from  the  sixth  cervical  nerve.  In  flome 
instances  the  nerve  is  replaced  by  a  l)ranch  from  the  nerve  to  the  subclavius. 
which  passes  inwards  )>ehind  the  sterno-mastoid  muscle  to  join  the  phrenic  at  the 
inlet  of  the  tliorax. 

The  nerve  to]  the  subclavius  is  a  slender  nerve,  which  arises  from  the  froBt  of 
the  cord  formed  by  the  fifth  and  sixth  cervical  nerves.  It  descends  in  the  posteriiff 
.  triangle  of  the  neck  over  the  third  part  of  the  subclavian  artery.  It  often  com- 
nmnicates  with  the  phrenic  nerve. 
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bnnchaB  to  the  scaleni,  medius  and  posticus,  are  small  trunks  which  arise 
3  lower  four  cervical  nerves  as  they  emerge  from  the  intervertebral  foramina. 

pocrterior  Bospular  nerve  (n.  dorsalis  scapulae,  nerve  to  the  rhomboids) 
t)m  the  back  of  the  fifth  cervical  nerve,  as  it  emerges  from  the  intervertebral 
L  It  appears  in  the  posterior  triangle  of  the  neck,  after  piercing  the 
I  medius  muscle.  It  is  directed  downwards,  under  cover  of  the  levator 
scapulffi  and  rhomboid  muscles,  and  along  the  vertebral  border  of  the 
,  to  be  distributed  to  the  levator  anguli  scapulae,  rhomboideus  minor,  and 
ideus  major  muscles.     It  occasionally  pierces  the  levator  anguli  scapulae. 

long  thoracic  nerve  (n.  thoracalis  longus,  external  respiratory  nerve  of 
ises  by  three  roots,  of  which  the  middle  one  is  usually  the  largest,  from  the 

the  fifth,  sixth,  and  seventh  nerves,  as  they 
from  the  intervertebral  foramina.  The  nerve 
the  scalenus  medius  as  two  trunks,  of  which 
ir  represents  the  contribution  from  the  seventh 

nerve,  and,  descending  along  the  side  of  the 
dhind  the  cords  of  the  brachial  plexus,  it 
the  axilla  between  the  upper  edge  of  the 
}  magnus  and  the  axillary  artery.  It  con- 
its  downward  course  over  the  outer  surface 
serratus  magnus,  to  which  it  is  distributed. 

i  is  a  more  or  less  definite  relation  between  the  roots 
^rre  and  the  parts  of  the  serratus  mafi^ins.  The  first 
.he  muscle  is  innervated  by  the  fifth  nerve  alone ; 
d  part  by  the  fifth  and  sixth,  or  the  sixth  alone ; 
i  part  by  the  sixth  and  seventh,  or  the  seventh 
»ne. 

suprascapular  nerve  (n.  suprascapularis) 
Tom  the  back  of  the  cord  formed  by  the 
id  sixth  cervical  nerves  in  the  posterior 
t  of  the  neck.  It  occupies  a  position  above 
in  cords  of  the  brachial  plexus,  and  courses 
.rds  and  outwards  paraUel  to  them  towards 
jrior  border  of  the  scapula.  It  passes  through 
rascapular  foramen  to  reach  the  dorsum  of 
pula.  After  supplying  the  supraspinatus 
it  winds  round  the  great  scapular  notch  in 
y  with  the  suprascapular  artery  and  terminates 
ifraspinatus  muscle.  It  also  supplies  articular 
s  to  the  back  of  the  shoulder  joint. 
'a -clavicular  Nerves. — The  so-called  infra -clavicular 
1  plexus  are  distributed  to  the  chest,  shoulder,  and  arm.  According  to 
igin  they  are  divisible  into  two  sets — an  anterior  set,  derived  from  the 
id  inner  cords,  and  a  posterior  set,  derived  from  the  posterior  cord.  In 
istribution  the  same  division  is  maintained.  The  anterior  nerves  of 
tion,  springing  from  the  outer  and  inner  cords,  supply  generally  the  cliest 

front  of  the  Gmb;  the  posterior  nerves,  springing  from  the  posterior  cord, 
the  shoulder  and  the  Imck  of  the  limb. 
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Fia.  495. — Diagram  of  the  origin 
AND  Distribution  of  the  Nerves 
TO  THE  Pectoral  Muscles. 

E.A.T,  External  anterior  thoracic  nerve ; 
I.A.T,  Internal  anterior  thoracic 
ner\e  ;  C.5,  6,  7,  C.8,  T.l,  Ner^•es  of 
the  brachial  plexus  ;  Art,  Axillary 
artery ;  Cl,  Clavicle ;  ScL,  Sub- 
clavius  muscle;  P.Mr,  Pectoralis 
minor,  joined  to  subclavius  by 
costo-coracoid  membrane  ;  P. Ma. 
Pectoralis  major. 


branches    of    tlie 


I  anterior  thoracic 


anterior  thoracic. 


Circumflex. 


Anterior  Branches. 
Nerves  from  the  Outer  Cord. 

Outer  head  of  median.  M  usculo-cutaneous. 

Nerves  from  the  Inner  Cord. 

I  Inar.  Inner  head  of  median. 

Internal  cutiineous.  Lesser  internal  cutaneous. 

Posterior   Branches. 
Nerves  from  the  Posterior  Cord. 

Musculo-spiral.  Three  subscapular  nerves. 
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Anterior  Thoracic  Nerves. 

The  anterior  thoracic  nerves  (nn.  thoracicales  anteriores)  are  two  in  ; 
external  and  internal.     The  external  anterior  thoracic  nerve  arises  from  th 


PeeUimLlfi  iitEnor. 

Coraco-acromlal  ]1gtnii^iLE''-j^m,]j 
CUvuiuBhx  Jirt*"ry 


\vrmsM2AwtfiAU  jmmm 


Pectoral ts  rn-i  p  ; 
Coraco-bmc  h  i  u  J ; :-     — 


Bice|« 


M  VHiJiiUi'CirrAxmol  'h, 


BrmcbtftUA  antJctifi 


iivacvLs^mfiHA%.  ksbve 


Bmchln-rntil&lU 
IJli-ppa  (etitj 

Extensor  CMs\ti  TudUIJa 
lungJnr 

POSTKRIOJr  rl  s 

Supiii>t4jr  tudj)  brevlB 


Fio.  49().  -The  P(;steiuoh  Wall  of  the  Axilla  and  the 
Front  ok  the  Arm  (the  biceps  being  divided). 
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cord  of  the  brachial  plexus  I 
Tools — from  the  fifth,  sixt 
^Triecpa  sevenlh  cervical  nerves.  ' 
^im>.rht*.ij  tenial  anterior  thoracic  nerv^ 
f roil  J  the  inner  cord  of  the 
from  the  eighth  cervical  ai 
thontL'ic  nerves.  Each  course 
wards  and  forwards  on  eilJ 
of  the  axillary  artery.  A 
communication  is  formed  f 
them  over  the  artery.  TI 
tinally  distributed  to  the  pe 
luujor  and  minor  muscles  (Fi 

The  nerves  are  .distributed 
pectoral  uiusclea  in  the  fi 
way  :— Two  sets  of  branches  ( 
external  anterior  tharacie  iier^ 
the  costf>-cor»cojd  membraue 
upper  branches  supply  the  d> 
part  of  the  pectoralia  major  ■  t 
branches  am  distributed  lo  tl; 
filuvs  i>f  tKe  ^tn^tta/  /Kj^-fion 
muscle.  The  upper  branch^ 
from  tlio  fifth  and  sixth  cervical 
the  lower   branches,    from   tl 


digltorum 


sixth,  and  seventh  neri'es.     The  pectoraltK  minor  is  pierced  by  two  sets  of  nen 
upper  set  is  derived  from  the  Icxip  of  communication  between  the  external  and 
anterior  thoracic  nerves  over  the  axillary  artery ;  the  lower  set  is  derived  ft 
internal  anterior  thoracic  nerve  alone.     These  nerves  supply  the  pectoralis  minor 
and,  after  piercing  it,  supply  the  sttmal  jxirf  of  the  pectoralis  major.     The  lower  i 


MEDIAN  NERVE.  627 

cases,  sends  its  branches  to  the  pectoralis  major  round  the  lower  border  of  the 
ralis  minor,  and  it  may  supply  on  its  way  the  axillary  arcJies^  if  present.  These  two 
hes  are  derived — the  upper  from  the  seventh,  eighth  cervical,  and  first  thoracic 
s;  the  lower  from  the  eighth  cervical  and  first  thoracic  nerves.  The  pectoral 
;es  are  thus  both  supplied  by  the  two  anterior  thoracic  nerves.  The  clavicular  fibres  of 
jctoralis  major  are  innervated  by  the  fifth  and  sixth  nerves ;  the  sternal  fibres,  from 

downwards,  by  the  fifth,  sixth,  seventh,  and  eighth  cervical,  and  first  thoracic 
$ :  and  the  pectoralis  minor  is  supplied  by  the  seventh  and  eighth  cervical,  and 
horacic  nerves. 

MUSCULO-CUTANBOUS   NERVE. 

he  mnsculo-cntaneons  nerve  (n.  musculo-cutaneus)  takes  origin  from  the 
cord  of  the  plexus,  from  the  fifth  and  sixth  cervical  nerves  (Fig.  496).  The 
to  the  coraco-brachialis  muscle,  arising  from  the  seventh  or  sixth  and  seventh 
«,  is  usually  associated  with  it.  Separating  from  the  outer  head  of  the 
in  nerve,  the  musculo-cutaneous  nerve  lies  at  first  between  the  coraco- 
lialis  muscle  and  the  axillary  artery.  It  is  then  directed  downwards  between 
wo  parts  of  the  coraco-brachialis,  and  passes  between  the  biceps  and  brachialis 
us  muscles,  to  the  bend  of  the  elbow.  In  its  course  it  may  send  a  branch 
r  the  biceps  to  join  the  median  nerve.  It  pierces  the  deep  fascia  over  the 
.  of  the  elbow,  between  the  biceps  and  brachio-radialis,  and  terminates  in 
leous  branches  for  the  supply  of  the  outer  side  of  the  forearm. 
'he  branches  of  the  nerve  are  muscular  and  cutaneous.  The  muscular  branches 
upplied  to  the  two  heads  of  the  biceps  and  the  brachialis  anticus,  as  the  nerve 
)etween  the  muscles.  The  nerve  to  the  coraco-brachialis  (usually  incorporated 
the  trunk  of  the  musculo-cutaneous  nerve)  has  an  independent  origin  from 
«venth  or  sixth  and  seventh  nerves.  It  is  usually  double,  one  branch  entering 
portion  of  the  muscle.  The  cutaneous  branches  are  anterior  and  posterior 
.  497,  p.  628).  The  anterior  branch  descends  along  the  front  of  the  outer  side 
le  forearm  to  the  wrist,  and  supplies  an  area  extending  inwards  to  the  middle 
of  the  forearm  anteriorly,  and  downwards  so  as  to  include  the  ball  of  the 
nb.  It  communicates  above  the  wrist  with  the  radial  nerve,  and  supplies 
ches  to  the  radial  artery.  The  posterior  branch  passes  backwards  and 
iwards  over  the  extensor  muscles  and  supplies  the  skin  on  the  outer  aspect 
he  forearm  posteriorly  in  its  upper  three-fourths,  communicating  with  the 
neous  branches  of  the  musculo- spiral  nerve. 

u  addition  to  the  above  branches,  the  musculo-cutaneous  nerv^e  supplies  in  many 
s  the  following  small  twigs  in  the  arm :  (1)  a  medullary  branch  to  the  humerus;  (2) 
riosteal  branch  to  the  lower  end  of  the  humerus  on  its  anterior  surface ;  and  (3)  a 
ch  to  the  brachial  artery. 

Median  Nerve. 

The  median  nerve  (n.  medianus)  arises  by  two  roots — one  from  the  outer 
i,  the  other  from  the  inner  cord  of  the  brachial  plexus.  The  outer  head,  from 
(Hfth),  sixth,  and  seventh  nerves,  descends  along  the  outer  side  of  the  axillary 
ry ;  the  inner  head,  from  the  eighth  cervical  and  first  thoracic  nerves,  cro.sses 
end  of  the  axillary  artery  or  the  beginning  of  the  brachial  arter}%  to  join  the  other 
i  in  the  upper  part  of  the  arm.  Descending  along  the  outer  side  of  the  ])rachial 
r)\  the  nerve  crosses  over  it  obliquely  in  the  lower  half  of  the  arm.  In  the 
ow  of  the  elbow,  it  lies  internal  to  the  brachial  artery,  beneath  the  bicipital 
ia  nnd  the  median  basilic  vein.  It  passes  into  the  forearm  between  the  two 
h  of  the  pronator  radii  teres  muscle,  separated  from  the  ulnar  artery  by  the 
\i  origin  of  that  muscle.  Extending  down  the  middle  of  the  foreann,  between 
superficial  and  deep  muscles  to  the  wrist,  it  enters  the  palm  of  the  hand  on  the 
jr  side  of  the  Hex  or  tendons  of  the  fingers  beneath  the  anterior  annular 
uient.  In  the  hand  it  spreads  out  at  the  lower  border  of  the  annular  Ligament 
?ath  the  palmar  fascia  and  superficial  palmar  arch,  and  separates  into  its  six 
linal  branches.  In  the  forearm  a  small  artery  accompanies  it, — the  cohies  nervi 
iani.  Above  the  wrist  it  is  comparatively  superficial,  lying  on  the  outer  side  of 
superficial  flexor  tendons  and  directly  beneath  the  tendon  of  the  palmaris  loiigus. 
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Gommunications. — (I)  The  median,  in  some  cases,  receives  a  communicating 
froui  the  musculo-cutaneous  nerve  in  the  arm.     (2)  It  communicates  in  some 
the  upper  pirt  of  the  forearm,  with  the  uhiar  nerve  beneath  the  flexor  muscles. 
commuuiciites  by  means  of  its  cutaneous  branches  with  the  ulnar  nerve  in  the  j 
the  hand. 

Branches. — 'J'he  median  nerve  usually  gives  oft*  no  branches  in  the  upper 
Branches  in  the  Forearm. — ( 1 )  Articular  Branches. — Minute  articular  filann 

are   distributed   to 
front  of  the  elbow-ji 

(2)  Masenltt  I 
chea.  —  Just    below 
elbow  a  bundle  of 
arise  which  is  distrib 
to  the  following  ma 
pronator  radii  tc 
flexor  carpi  radialia, 
maris  longus,  flexor  i 
limis  digitorum.  Nc 
are  also  generally  ti 
able  from  this  bundls 
the  upper  fibres  of 
flexor     longus    poD 
and     flexor     profiaiid 
digitorum.      The  neii 
to    the   pronator   ni^ 
teres  often  arises  indi 
pendently  in  the  hoDol 
of  the  elbow. 

(3)  The  antokr  1|| 
terosseous  nerve  dM 
from  the  back  of  11 
median  nerve  in  tlj 
forearm,  descends  i 
front  of  the  interosseoi 
membrane  along  iM 
the  anterior  interoeseoi 
artery,  passes  belui 
the  pronator  quadnti 
muscle,  and  terminali 
by  supplying  articali 
filaments  to  the  radio 
carpal  articulation.  I 
its  course  the  nen 
supplies  muscula 
branches  to  the  flext 


Fig.  497.- 


-The  Distribution  of  Cutaneous  Nekves  on  the  Front  op 

THE   AliM   AND   HaND. 

(A)  representH  the  distribution  of  the  several  nerves,  the  letters  indicating 


ipresents  tne  distribution  or  tne  several  nerves,  the  letters  indicating  i^„„-,o  -^^^11:^:0  fl%a  nnH 

their  nomenclature.     AcR,  Acromial  branch  (cervical  jilexus)  ;  Cmc,  AOngUSpoillClS,  me  OUK 

Cutaneous   branch   of    circumtlex   nerve ;     M.Sb,    Svi|)erior    external  half   of   the    uCXOr   pK 

cutaneous  branch  of  musculo-spiral  nerve  ;    M.C,  Musculo-cutaneous  funduS     dlsitorum    8D 

nerve:  M,  Median  nerve;  U,  Ulnar  ner\'e  ;  I.C,  Internal  cutaneous  .y.     T^^^^of   »•   n  io<1rabit 

nerve  ;  L.I.C,  Lesser  internal  cutaneous  nerve  (Wrisberg) ;  I.H,  Inter-  ^"f  pronator   qiMUrawi 

costo-humeral  nerve  ;  T.2,  3,  4,  5,  6.  Anterior  and  lateral  branches  of  minutC  medulUf 

intercostal  nerves.  branchcs  to  the  radin 

(B)  is  a  schematic  representation  of  the  areas  supplied  by  the  above  nerves,    and    ulua,   and   twigS  t 
the  letterinpf  indicating  the  spinal  origin  oft  ^j^      periostCUm  and  In 

to  each  area.     \  .A.L,  Ventral  axial  line.  ^^^-.xvow^wa**  ».« 

terosseous  membrane 
(4)  Palmar  Cutaneous  Branch. — In  the  lower  third  of  the  forearm  a  amal 
cutaneous  branch  arises,  which  pierces  the  deep  fascia  and  crosses  the  antcrio 
annular  ligament  to  reach  the  palm  of  the  hand.  It  supplies  the  skin  of  the  pih 
and  communicates  with  a  similar  branch  of  the  ulnar  nerve.  This  branch  is  no 
always  present. 
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Branches  in  the  Hand. — In  the  hand  the  median  nerve  gives  off  its  terminal 
liee.     These  are  muscular  and  cutaneous. 

The  main  muscular  branch  arises  just  below  the  anterior  annular  ligament  and 
I  outwards  to  the  base  of  the  thenar  eminence ;  entering  the  ball  of  the  thumb 
Sciallj  on    the  inner  side,  it  supplies   branches  to   the   abductor  pollicis, 

onens  pollicis,  and  the  sui)erficial  head  of  the  flexor  brevis  pollicis. 

The  entaneous  branches  are  five  in  number.  Three  separate  branches  supply  each 
|e  of  the  thumb  and  the  radial  side  of  the  index  finger.  The  two  remaining 
anches  subdivide  at  the  cleft  between  the  second  and  third,  and  the  third  and 
prth  fingers  respectively,  into  branches  which  supply  the  adjacent  sides  of  the 
lond  and  third,  and  the  third  and  fourth  fingers.  From  the  nerves  which  supply 
mctivelj  the  radial  side  of  the  index  finger,  and  the  contiguous  sides  of  the 
£bx  and  third  fingers,  fine  muscular  branches  arise  for  the  two  outer  lumbrical 
sflcle&  The  cutaneous  branches  of  the  median  nerve  are  placed  in  the  palm 
feneen  the  superficial  palmar  arch  and  the  flexor  tendons.  They  become  super- 
aal  at  the  roots  of  the  fingers  between  the  slips  of  the  palmar  fascia,  or,  in  the 
Be  of  the  nen'es  to  the  thumb  and  radial  side  of  the  index  finger,  at  the  outer 
^  of  the  central  portion  of  the  palmar  fascia.  In  the  fingers  they  are  placed 
yerficial  to  the  digital  arteries,  and  are  distributed  to  the  sides  and  front  of  the 
agers.  Each  nerve  supplies  one  or  more  dorsal  branches,  distributed  to  the  skin 
L  the  dorsal  aspect  of  the  terminal  phalanx  of  the  thumb  and  the  two  distal 
lalanges  of  the  first  two  and  a  half  fingers,  thus  making  up  for  the  deficiency  of 
le  radial  nerve  in  these  situations. 

UiiNAR  Nerve. 

The  nlnar  nerve  (n.  ulnaris)  arises  from  the  inner  cord  of  the  brachial  plexus, 
om  the  eighth  cervical  and  first  thoracic  nerves.  It  also  occasionally  has  a  root 
mn  the  outer  cord  of  the  plexus  (seventh  cervical  nerve).  In  the  axilla  it  lies 
stween  the  axillary  artery  and  vein,  and  behind  the  internal  cutaneous  nerve ;  in 
le  upper  half  of  the  upper  arm  it  lies  on  the  inner  side  of  the  brachial  artery  in 
tmt  of  the  triceps  muscle.  In  tlie  lower  half  of  the  arm  it  is  separated  from  the 
tachial  artery ;  and  passing  behind  the  intermuscular  septum,  and  in  front  of  the 
mer  head  of  the  triceps  in  company  with  the  inferior  profunda  artery,  it  reaches  the 
iterval  between  the  internal  condyle  of  the  humerus  and  the  olecranon  process.  It 
I  here  protected  by  an  arch  of  deep  fascia  stretching  between  the  internal  condyle 
Qd  the  olecranon  process.  It  enters  the  forearm  l)etween  the  humeral  and  ulnar 
rigins  of  the  flexor  carpi  ulnaris,  and  courses  downwards  l)etween  the  flexor  carpi 
Inaris  and  flexor  profundus  digitorum.  In  the  lower  half  of  the  forearm  it  becomt^s 
omparatively  superficial,  lying  on  the  inner  side  of  the  ulnar  artery  beneath  the 
endon  of  the  flexor  carpi  ulnaris.  Just  above  the  anterior  annular  ligament  of  the 
Frist,  and  external  to  the  pisiform  bone,  it  pierces  the  deep  fascia  in  comimny  with 
he  artery  and  passes  into  the  hand  over  the  anterior  annular  ligament.  Keaching 
he  palm  it  di\dde8  beneath  the  palmaris  brevis  muscle  into  its  two  terminal 
ranches,  superficial  and  deep. 

Commnnications. — (1)  The  ulnar  nerve  communicates  in  some  cases  with  the  median 
lervo  in  the  forearm ;  (2)  with  the  internal  cuUineous  and  sometimes  the  median  nerve 
IV  its  palmar  cuttincous  branch  ;  (3)  with  the  cutaneons  part  of  the  median  nerve  in  the 
lalm  by  means  of  its  terminal  cutaneous  branches  ;  (4)  with  the  radial  nerve  on  the 
(fnnm  of  the  hand  by  means  of  its  dorsal  branch. 

Branches. — The  ulnar  nerve  gives  off  no  branches  till  it  reaches  the  forearm. 

In  the  forearm  it  gives  off  articular,  muscular,  and  cutaneous  branches. 

The  articular  branch  is  distributed  to  the  elbow  joint  and  arises  as  the  nerve 
08868  behind  the  internal  condyle. 

The  muscular  branches  arise  as  soon  as  the  nerve  enters  tlu^  forearm.  They  are 
istributed  to  the  muscles  l>etw(ien  which  the  ulnar  nerve  lies — the  ih'xor  carpi 
Inaris  and  the  inner  half  of  the  flexor  profundus  digitorum. 

The  cutaneous  branches  are  two  in  number,  palmar  and  dorsal. 
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The  palmax  cutaneons  branch  is  variable  in  size  and  position.  It  pieitei 
deep  fascia  in  the  lower  third  of  the  forearm  and  passes  to  the  hypoU 
eminence  and  palm  of  the  hand,  to  the  skin  over  which  it  is  distributed.    It 

branches  to 
ulnar  artery, 
communicates 
with  the  int 
cutaneous 
palmar  branc 
the  median  ne 
The  dona] 
aneons  bram 
much  larger 
498).  It  a 
from  the  ulnar: 
in  the  middle 
of  the  fore; 
and,  directed 
liquely  down^ 
and  backward 
neath  the  tend 
the  flexor  < 
ulnaris,  it  be 
cutaneous  on 
inner  side  oi 
forearm  in  its 
fourth.  It  ] 
on  to  the  Imck 
hand,  and  aft€ 
ing  ofif  brand 
the  skin  of  the 
and  hand, 
communicate 
the  radial  ne: 
terminates  in 
branches,  to  8 
the  little  fingi 
half  the  ring- 
in  the  foil 
way :  —  the 
branch  co 
along  the  inm 
of  the  dorsi 
the  hand  and 
finger :  the 
branch  subd 
at  the  cleft  be 
the  Ving  and 
fingers  to  8 
the  adjacent 
of  these  fii 
The  nerve  may  supply  tw 


B  A 

Fio.  498. — The  Distribution  of  Cutaneous  Nerves  on  the  Back  of  the 
Arm  and  Hand. 

(A)  represent**  the  distributiou  of  the  several  Lerves,  the  letters  indicating  their 

nomenclature.  AcR,  Acromial  branche.s  (cervical  plexus)  ;  CiRC,  Cutaneous 
branch  of  circumflex  nerve  ;  M8.E.C.S,  Ms.E.C.i,  Superior  and  inferior  external 
cutaneous  branches  of  musculo-spiral  nerve  ;  M.C,  Musculo-cutaneous  nerve  : 
R,  Radial  nerve  ;  M,  Branches  of  median  nerve  to  lingers  ;  U,  Ulnar  nerve  ; 
I.C,  Internal  cutaneous  nerve  ;  Ms.I.C,  Internal  cutaneous  branch  of  musculo- 
spiral  nerve  ;  L.  I.C,  I^esser  internal  cutaneous  nerve  (Wrisberg) ;  I.H,  Inter- 
costo-humeral ;  T.l,  2,  3,  4,  .*>,  6,  Lateral  and  j)Osterior  branches  of  upper 
thoracic  nerves. 

(B)  is  a  schematic  representation  of  the  areas  supplied  by  the  above  nerves,  the 

lettering  indicating  the  spinal  origin  of  the  branches  of  distribution  to  each 
area.     D.A.L,  Dorsal  axial  line. 


this  branch  communicates  with  the  radial  nerve, 
a  half  lingers  on  the  dorsum  of  the  hand. 

In  the  palm  the  ulnar  nerve  supplies  a  small  muscular  branch  to  the  pa! 
brevis  muscle,  and  then  subdivides  into  its  terminal  branches,  which  are  i 
superficial  and  deep. 

The  superficial  branch  is  purely  cutaneous;  it  passes  downwards  beneat 
palmar  fascia,  and  subdivides  into  an  inner  and  an  outer  branch.  The 
branch  courses  along  the  inner  border  of  the  little  finger,  which  it  supplies  • 
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(nar  aspect     The  outer  branch  becomes  superficial  at  the  cleft  between  the 
rth  and  fifth  fingers,  between  the  slips  of  the  palmar  fascia,  and  sabdivides  into 
I  branches  which  supply  the  adjacent  sides  of  these  fingers  on  their  palmar  aspect. 
somiaunicates  with  the  adjacent  digital  branch  of  the  median  nerve. 
The  deep  branch  is  purely  muscular.     It  separates  from  the  siii)erficial  branch, 


Lewtor  aitgutl  •apnlz' 


Trm|-9cinft 


llhi>nibfiiit|pM 


flcmpalar  fjkmiA 


1  iifmspitiHta* 


a1  Sc*i  niJar 
bHT  (bmicli  of) 

Term  m^Jor 


Cl&mnlil'LKX  NEHVK  AND 
AHTERV 

Deltoid  (rallwtM) 

Cil'rA:S£Olll  BRANCH 
OF  ORClllirLISX 

Trlcffug  (rnitor  ln-ad) 
YiQCpa  (iQngheiui) 

UHCULO^riRAL 

Trfcfrpc  (outer  head) 
Qrieb  Lulls  antftniif 

IVlc&pfl  (Inntr  tieod) 

ixterDol  IrLteriiiuwnUrseiitum 

\  BlCriiaMAL  CliTANJeOl'ri 
)  lltl4IICHlBi  or  MUBOtlLo- 


Flantit 
ulnaris 


UiTiclifd'ndtiLlJft 


^Sttcfiaor  c«Tpi  ™dl*li»  loii>:i«n 


Kitetmor  tttUAc1«a  of  fuP'unii 


nJ  passt'^  deeply  be  I  ween  tlm 
lex»»r  hn.^vJH  and  abductor  miniini 
lijriti  mtisclea :  ji  supplies  these 
miscles  and  the  o[ipoiit^ns  miniiai 
ligil  i,and ,  turning  ou  t  wards  along 
he  liin^  n\'  the  deep  palmar  arch 
md  imd<?r  cover  of  the  deep  flexor 
:end<»ns,  it  supplies  branches  to 
:lii'  following  niuacles :  interossei, 
;wo  innt*r  (third  and  fourth)  luiii- 
jricales  (on  their  de,=^p  surfaces),  the 
id(lucton*s  pollicis,  obliquus  and 
ransviTsus,  and  deep  part  of  the 
lexor  liri'vir*  i)ollicis. 

Intkhnal  Cl'tankous  Xkuvk. 

The  internal  cutaneous  nerve  (n.  cutaueus  hr.u.'hii  modialis;  arisi's  from 
tliti  inner  cord  of  the  hracliiul  ])lcxus,  from  tin*  t*i.i;ht.li  ctTvii-ul  and  first  thoracic 
nervi.*s  (Figs.  497  and  49S).  Jn  tin;  axilla  and  uppor  lialf  (►f  i\w  arm  il  lies  siii)erlicial 
io  the  main  artery.  Itbej'oni's  (fiUam'ous  hy  lUfn-ini^  th»^  decj*  fascia  about  tlic 
iiml'llc  of  thii  inner  side  of  the  upper  arm,  and  accompany in;^'  the  biisilic  vein 
'hnjujxh  the  lower  half  of  tlie  arm.  il  divides  at  tlie  front  of  the  ell^ow  into  its  two 
U'nninal  branches. 

Gommanication. — The  internal  cutaneou.s  nerve  communicates  with  the  jKdmai' 
Ijranch  of  the  ulnar  nerve  in  the  l»»wer  part  of  the  forearm. 
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Branches. — In  the  arm,  as  soon  as  it  becomes  superficial,  the  internal  cut 
nerve  gives  off  a  branch  which  supplies  the  skin  of  the  lower  half  of  the  anti 
surface  of  the  arm  on  its  inner  side.     At  the  elbow  it  divides  into  two 
branches — anterior  and  internal,  which,  crossing  over  or  under  the  median 
vein,  are  distributed  to  the  inner  side  of  the  forearm. 

The  anterior  branch  can  be  followed  to  the  wrist  and  supplies  the  whole  of  I 
front  of  the  forearm  in  the  inner  half;  the  internal  branch  is  not  so  large, i 
passing  obliquely  backwards  and  downwards  over  the  origins  of  the  pronatori 
flexor  muscles,  it  is  distributed  to  the  upper  two-thirds  or  three-fourths  of  I 
posterior  aspect  of  the  forearm  on  the  inner  side. 

Lesser  Internal  Cutaneous  Nerve. 

The  lesser  internal  cutaneous  nerve  (n.  cutaneus  brachii  medialis  mini 
arises  from  the  inner  cord  of  the  brachial  plexus,  and  ultimately  from  the  In 
thoracic  nerve  (Fig.  494,  p.  624).  It  lies  at  first  between  the  axillary  artery 
vein  ;  and  after  descending  over,  under,  or  even,  in  some  cases,  through  the  anDd 
vein,  it  perforates  the  deep  fascia  on  the  inner  side  of  the  arm,  and  is  distributedi 
the  skin  of  the  arm  for  the  upper  half  or  more  on  its  inner  side.  1 

Tlie  nerve  varies  considerably  in  size.  It  may  be  absent,  its  place  being  taken  by  bm^ 
of  the  intercosto-humeral  or  by  branches  from  the  internal  cutaneous  onset  of  the  moierif 
spiral  nerve.  It  generally  bears  a  distinct  relation  in  size  to  the  interooeto-humeral,  due  to  tbefcl 
tiiat  the  size  of  tne  latter  depends  upon  the  size  of  the  part  of  the  second  thoiacic  nenrcoi 
nected  with  the  first  in  the  thorax.  If  an  intra-thoracic  connexion  occurs  between  the  finta 
second  thoracic  nerves,  the  intercosto-humeral  mav  be  deprived  of  a  certain  number  of  I 
fibrc.*^,  which  in  that  case  reach  the  upper  limb  through  the  lesser  internal  cutaneous  sen 
Wlien  traced  up  to  the  plexus  the  lesser  internal  cutaneous  is  found  to  have  an  origin  from  d 
back  of  the.  cord  formea  by  tlie  eighth  cervical  and  first  thoracic  nerves,  and  usuaUy  receif 
fibres  from  the  first  thoracic  nerve  only.  In  cases  where  "  axillary  arches  "  are  present  they  ai 
be  supplied  by  this  nerve. 

Circumflex  Nervb. 

The  circumflex  nerve  (n.  axillaris),  at  its  origin  is  just  below  the  supr 
scapular  and  comes  from  the  same  spinal  nerves — the  fifth  and  sixth  cervio 
nerves  (Fig.  494,  p.  623).  Extending  downwards  and  outwards  behind  the  axiOa 
artery,  it  leaves  the  axilla  by  passing  round  the  external  border  of  the  subacapolai 
muscle,  in  company  with  the  posterior  circumflex  artery,  in  a  quadrilateral  qia 
bounded  by  the  humerus,  subscapularis,  triceps  (long  head),  and  teres  maji 
Winding  round  the  surgical  neck  of  the  humerus  from  within  outwards, 
terminates  under  the  deltoid  by  supplying  that  muscle  (Fig.  499,  p.  631). 

Branches. — Muscular  branches  are  supplied  to  the  teres  minor  and  delto 
muscles.     The  nerve  to  the  teres  minor  enters  the  outer  side  of  the  muscle. 
jxjssesses  a  pseudo-ganglion,  a  thickening  of  fibrous  tissue,  on  its  trunk. 

Articular  branches  enter  the  back  part  of  the  capsule  of  the  shoulder-joint. 

A  cutaneous  branch  (n.  cutaneus  brachii  lateralis)  of  considerable  size  pass 
ol>liquely  downwards  and  forwards  from  teneath  the  deltoid  muscle,  becomii 
superficial  at  its  posterior  border.     Sometimes  the  branches  pierce  the  muscle, 
supplies  the  skin  over  the  insertion  of  the  deltoid  and  the  upper  half  of  the  ai 
on  the  outer  side  (Fig.  498,  p.  630). 

Musculo-Spiral  Nerve. 

The  musculo-spiral  nerve  (n.  radialis)  appears  to  be  the  continuation  into  tl 
upper  limb  of  the  posterior  cord  of  the  brachial  plexus.  It  usually  takes  orig 
from  all  the  nerves  which  form  the  posterior  cord — the  fifth,  sixth,  seventh,  ai 
eighth  cervical  nerves  (Fig.  494,  p.  623).  In  a  minority  of  cases  the  first  thoTM 
contributes  a  few  fibres,  and  more  frequently  the  fifth  cervical  nerve  is  exclude 
from  it.  It  extends  from  the  axilla  round  the  back  of  the  liumerus  to  the  bend 
the  elbow,  where  it  ends  by  dividing  into  its  terminal  l)ranches. 

In  the  axilla  it  lies  behind  the  axillary  artery,  and  in  front  of  the  subscapulari 
teres  major,  and  latissimus  dorsi  muscles. 


THE  MUSCULO-SPIRAL  NERVE. 


633 


,€  arm,  in  the  upper  third,  it  lies  on  the  inner  side  of  the  humerus  behind 
iiial  artery,  and  upon  the  long  head  of  the  triceps.  In  the  middle  third  of 
it  courses  obliquely  outwards  and  downwards  in  the  spiral  groove  of  the 
,  along  with  the  superior  profunda  artery,  separating  the  long,  external, 
mal  heads  of  the  triceps  muscle  (Fig.  499,  p.  631).  In  the  lower  third  of 
piercing  the  upper  part  of  the  intermuscular 
at  the  outer  border  of  the  triceps  muscle,  it 
to  the^bend  of  the  elbow  in  front  of  the  external 
of  the  humerus,  in  the  interval  between  the 
-adialis  and  brachialis  anticus  muscles.  Under 
the  former  muscle,  in  the  hollow  of  the  elbow, 
s  into  its  two  terminal  branches,  the  radial  and 
interosseous  nerves. 

collateral  branches  are  in  three  sets,  arising 
he  inner  side,  (b)  on  the  back,  and  (c)  on  the 
e  of  the  humerus  (Fig.  500). 
cbee  arising  internal  to  the  humerus. — 1. 
cntaneons  (n.  cutaneus  brachii  posterior). — This 
irising  in  common  with  one  of  the  following,  or 
lently,  pierces  the  fascia  on  the  inner  side  of 
near  the  axilla.  It  supplies  the  skin  of  the 
ie  of  the  arm  in  the  upper  third,  above  and 
he  area  supplied  by  the  lesser  internal  cutaneous 
Fig.  498,  p.  630).  This  nerve  varies  in  size, 
5  to  the  bulk  of  the  lesser  internal  cutaneous 
rcosto-humeral  nerves. 

nacnlar  branches  (rr.  musculares). — These  are 
leta  One  series  supplies  the  long  head  of  the 
luscle  near  its  origin ;  the  other  series  enters 
jr  head  of  the  muscle.  One  of  the  latter, 
ig  itself  from  the  rest,  accompanies  the  ulnar 
the  middle  third  of  the  arm,  and  supplies  the 
rt  of  the  muscle.  This  is  sometimes  called  the 
L  ulnar  nerve. 

ches  arising  on  the  back  of  the  humerus. — 
'  branches  arise  from  the  nerve  in  the  musculo- 
•oove  for  the  supply  of  all  three  heads  of  the 
muscle.  The  branch  which  enters  the  inner 
the  muscle,  besides  supplying  it,  passes  through 
«le  and  ])ehind  the  external  condyle  of  the 
,  to  terminate  in  the  anconeus, 
ches  arising  at  the  outer  side  of  the 
3.  —  1.  The  entaneous  branches  (n.  cutaneus 
lii  dorsalis)  are  two  in  number,  superior  and 

Arising  from  the  musculo-spiral  nerve  before 
3S    the   external    intermuscular   septum,  these 

pierce  the  deep  fascia  close  together  on  the 
le  of  the  arm  in  its  lower  half.  Descending 
J  back  of  the  external  condyle,  the  superior 
lupplies  the  skin  of  the  outer  side  and  back  of 
in  its  lower  third,  and  the  ])aek.of  the  forearm  in  its  upper  half.  The 
branch  supplies  an  area  of  skin  on  the  back  of  the  forearm  in  the  upper 
Is  internal  to  the  area  innervated  by  the  musculo  -  cutaneous  nerve 
I  p.  630). 

oscular  branches. — The  musculo-spiral  nerve,  as  it  lies  in  the  interval 
the  bracliialis  anticus  and  bracliio-radialis,  supplies  a  small  branch  to  the 
8  anticus  (which  in  some  ceases  is  not  present)  and  nerves  to  the  brachio- 
md  extensor  carpi  radialis  lon^j^ior.  It  may  also  provide  the  nerve  to  the 
carpi  radialis  brevior. 


Fig.  600.— Diagrammatic  Repre- 
sentation OF  THE  Branches 
OF  THE  Musculo-spiral  Nerve. 

M.S,  Musculo-spiral  nerve  ;  L.H, 
Nerve  to  long  head  of  tricei>s ; 
I.C,  Internal  cutaneous  branch  ; 
I.H,  Nerve  to  inner  heacl  of 
triceps ;  O.H,  Nerve  to  outer  head 
of  triceps ;  I.H,  Second  nerve 
to  inner  heatl  of  triceps  ;  Anc. 
Nerve  to  anconeus  ;  Art,  Ar- 
ticular branch  ;  E.Cs,  Superior, 
external  cutaneous  branch  ;  E.C'i, 
Inferior  external  cutaneous 
branch;  B.  A,  Nerve  to  brachialis 
anticus  ;  Br,  Nerve  to  brachio- 
radialis  ;  E.C.R.L,  Nerve  to  ex- 
tensor carpi  radialis  longior  ;  P.I, 
Posterior  interosseous  nerve  ;  R, 
Radial  nene. 
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External  condyle 


Insertion  of 
Extensor  mu«cW 


Supinator  ndlT 
Flexor  cnrpf. 


Exten;)or  c*n>i 
nlnnria' 


Radial  Nerve. 

The  radial   nerve  (r.  superficialia)  is  entirely  cutaneous  in  its  distril 

Arising  in  the  hollow 
elbow  beneath  the  bi 
radialis,  it  courses  dowi 
under  cover  of  that  i 
through  the  upper  two- 
of  the  arm,  and  aecom 
the  radial  artery  in  the  i 
third  of  the  forearm.  I 
passes  backwards  benea 
tendon  of  the  brachio-r 
and  pierces  the  deep  fa 
the  outer  side  of  the  fd 
in  the  lower  third, 
distributed  to  the  skin 
back  of  the  wrist,  the 
side  and  tlie  l>ack  of  tht 
and  the  back  of  the  thin 
outer  two  and  a  half 
(Fig.  498,  p.  630).  Itsbi 
communicate  on  the  1 
the  thumb  with  the  m 
cutaneous  nerve,  and 
back  of  the  hand  wi 
dorsal  branch  of  the 
nerve.  The  digital  bi 
are  small,  and  are 
numl)er.  Two  pass 
back  of  the  thumb  an< 
the  inter-phalangeal  a 
tion.  One  supplies  th 
side  of  the  index  tinge 
as  the  second  phalan: 
remain  in  t^  two  branche 
at  the  clefts  between  thi 

BTttenf^cr  ^*i»  metacarpi    j^,^ J  ^|,  j ^d,  and  third  aUi 

kxtetiinvT  CUE  pi  radialis      tuij^ers   respectivclv,  i 

KititnnHnr  hrt'vis  poiiicis    iiervatc  thc  adjacent  i 

Eiit^^rifior  longus       thesc  fingeisas  faras  tli' 

^^'''''  phalanx.     The  rest  of  1 

'^rJ.i\^"Ur"     of  these  digits  to  the 

sui)plied    by  digital  b 

of    the   median   nerve 

nerve   may   only   supj 

and  a  half  fingers,  Ik 

placed  by  branches  fr 

ulnar  nerve. 

Posterior  Interosj 
Nerve. 

The    posterior 
osseous  nerve  (r.  pn 

n.      interosseus      ant 

dorsalis)  is  entirely  u 

like    tlie  radial    bene« 


Tricvp»  (\Gng  head) 
Tricep*  (ouUt  head) 
Ltruchic^nKlialia 

BmchlfilU  itnticus 
BicepJt 
Trto«i»  (itinfrr  head) 


gtteiiiior  rar|»i  mdialis 
Shhgiorfartgiii) 
EiU'iiftor  cmrpi  radialiti 
Urtivior  (urigiii) 


Hauial  hcavk 


ifiTE  K I C  tR  11  ^  Tl^  n<  «8E0r 8 


Exleneot  xtShU  ii>*!tacarpi 
p»>nicta 

lllxteniiflr  caT\i^  Twiialis 


Exteiuor  longuii 


Exteuitnr  Indicia 


Dorsal  bb^mc^  or 

TIhS^H  kkrvk 

Extenf^i^r  luiutiTM 

Extons'T  riiuiiiiijniT' 
digitoiHFit  (tfU'iMtj) 


Extinsi}!-  iiidieft 


E«t«nHor  CRrpi  radialis 
r(*vior(tflndoti) 


UilDlJhL  ItEtlvK 


Eiitensot  ciirpi  radialis 
longiDr  (tendon) 


Fio.  501.— The  Mdsgles  of  the  Back  of  thk  Forearm 
(the  superficial  muscles  have  been  reflected). 

and   articular   in    its   distribution,    and   it   arises 

brachio .  radialis    muscle.      Directed    obliquely    downwards    and     backwi 
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plies  the  back  of  the  forearm,  after  passing  round  the  outer  side  of  the 
ins,  by  piercing  the  fibres  of  the  supinator  radii  brevis  muscle  (Fi^^.  501). 
the  back  of  the  forearm  it  is  placed  in  the  upper  part  of  its  course  beneath  the 
perficial  extensor  muscles,  and  upon  the  supinator  radii  brevis  and  extensor  ossis 
ftacarpi  pollicis,  along  with  the  posterior  interosseous  artery.  In  tlie  lower  half 
^e  forearm  it  posses  beneath  the  extensor  longus  pollicis,  and  lies  upun  the 
oroeseous  membrane.  At  the  wrist  it  passes  beneath  the  extensor  tendons  on  to 
»  back  of  the  carpus,  where  it  terminates  in  a  gangliform  enlargement  of  small 
Bb  from  which  branches  pass  to  the  inter-carpal  articulations.  The  posterior  inter- 
I0OQ8  nerve  supplies  the  following  branches: — 

(1)  Terminal  articnlar  branches  to  the  carpal  joints. 

(2)  MoBcnlar  branches,  in  its  course  through  the  forearm.  Thus  on  the  outer 
le  of  the  radius  it  supplies  the  extensor  carpi  radialis  brevior  and  the  supinator 
Bvis  muscle  before  it  enters  the  fibres  of  the  last-named  muscle.  After  emerging 
am  the  supinator  brevis  it  supplies  a  large  bundle  of  nerves  which  enter  the 
L'ftensor  communis  digitorum,  extensor  minimi  digiti,  and  extensor  carpi  ulnaris 
aar  their  origins.  Lower  down  the  forearm  the  nerve  gives  oft*  branches  to  the 
^tensor  ossis  metacarpi  pollicis,  extensor  longus  and  extensor  brevis  pollicis,  and 
rtensor  indicia 

Subscapular  Nerves. 

There  are  three  8ubsca])ular  nerves  (nn.  Jrubscapulares)  (Figs.  494  and  496). 

The  first  or  short  subscapular  nerve  is  generally  double,  and  there  may  be 
Ittee  trunks  present.  It  arises  from  the  posterior  cord  of  the  plexus  behind  the 
inamflex  nerve,  and  comes  from  the  fifth  and  sixth  cervical  nervos.  It  x)asses 
tumnwards  behind  the  axillary  artery  and  enters  the  subseapularis  muscle. 

The  second  or  lower  subscapular  nerve  also  arises  behind  the  circumflex 
kran  the  posterior  cord  of  the  plexus,  and  from  the  fifth  and  sixth  cervical  nerves. 
Qb  origin  is  below  and  external  to  that  of  the  first  nerve.  It  courses  outwards  and 
bwnwards  behind  the  axillary  artery,  and  the  circumflex  and  musculo-spiral 
nerves  to  the  teres  major  muscle.  It  supplies  branches  to  the  outer  part  of  the 
nbeeapularis  muscle  and  ends  in  the  teres  major. 

The  third  or  long  subscapular  nerve  (n.  thoraco-dorsalis)  arises  from  the  Ijack 
of  the  pcMSterior  cord  of  the  plexus,  behind  tlie  niusoulo-spiral  nerve,  and  from  the 
■xth,  seventh,  and  eighth  cervical  nerves,  or  from  tlie  seventh  and  eiglith  nerves 
«nly.  It  is  directed  downwards  and  outwards  between  the  two  previnus  nerves, 
"behind  tlie  axillary  artery  and  over  the  posterior  wall  of  tlie  axill  i,  in  conii)aiiy 
•with  the  sul)scapular  artery,  to  the  latissimus  dorsi  muscle,  which  it  supplies  on  its 
•nterior  (inner)  surface. 

THORACIC  NEKVKS. 

The  thoracic  nerves  are  twelve  in  nunilxir,  each  nerve  emerging  below  the 
com?,sponding  vertebra  and  rib.  EUiven  of  the  series  are  intercostal,  the  twelfth 
lying  lielow  the  last  rib.  The  first,  second,  third,  and  tw(»lfth  nerves  prust^it 
peculiarities  in  their  course  and  distribution.  The  other  thoracic  nerves,  as  aln^ady 
stated,  are  simple,  and  may  be  regarded  as  types  both  in  course  and  distribution. 

The  first  thoracic  nerve  is  the  largest  of  the  seri(»s.  It  enier^izes  from  the 
spinal  canal  below  the  neck  of  the  first  rib,  and  divides  in  the  first  intercostal 
81»ace  into  two  very  unequal,  upper  and  lower,  parts.  The  upper  larger  part  ascends 
obliquely  over  the  neck  of  the  first  rib,  lying  external  to  the  suj»erior  intercostal 
arten',  and  enters  the  neck  behind  the  sul>cLivian  artery  and  the  jileura.  It  ])ro- 
ceeds  outwards  upon  the  sciilenus  nuMlius  inusch^  and  enters  into  the  formation  of 
the  brachial  plexus,  as  already  dtjscribed. 

The  Imoer,  intercostal  part  of  the  nerve  is  much  smaller  in  size.  It  courses 
forwards  in  the  first  intercostal  s[)aee  and  su])plies  tlu^  intercostal  muscles.  It 
usually  gives  off  no  anterior  branch  to  the  skin  of  the  chest  and  no  lateral 
cutaneous  branch. 
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In  some  cases  a  lateral  cutaneous  branch  emerges  from  the  side  of  the  first  interooili 
This  may  be  derived  from  the  first  nerve,  or  it  may  be  the  intercosto-hnownl  ntrfi, 
from  the  second  thoracic  nerve.  In  many  cases  an  anterior  cutaneous  branch  perforates 
intercostal  space  and  supplies  the  skin  on  the  front  of  the  chest  This  branch,  similarly, 
times  traceaole  to  the  second  thoracic  nerve, 

Oommiinications. — Besides  its  junction  with  the  eighth  cervical  to  fo 
brachial  plexus,  the  first  thoracic  nerve  effects  the  following  communications : — i 
last  cervical  or  first  thoracic  ganglion  of  the  sympathetic  sends  a  gray  ramus  co 
cans  to  join  the  nerve  on  it-s  appearance  in  the  thorax.  (6)  The  second  thoracic  i 
a  majority  of  cases  communicates  with  the  first.  This  communication  varies  oona 
in  size  and  distribution.  It  may  reinforce  the  intercostal  branch  of  the  nenre, 
send  one  branch  to  the  intercostal  portion  and  another  to  the  part  of  the  nerve  joii 
brachial  plexus,  or  it  may  consist  of  a  nerve  proceeding  solely  to  join  the  brachial  pi 
a  junction  in  the  first  intercostal  space  with  the  part  of  the  first  thoracic  nerve,  \ 
engaged  in  forming  the  plexus,  (c)  It  is  possible  that  the  first  white  ramus  comm 
in  the  thoracic  region  connects  the  first  thoracic  nerve  with  the  gangliated  core 
sympathetic,  but  this  is  not  known  with  certainty. 


The  second  thoracic  nerve  is  of  large  size,  though  much  smaller  th 
first.  It  passes  forwards  in  the  second  intercostal  space,  lying  at  first  in  tl 
costal  groove  between  the  external  and  internal  intercostal  muscle&  At  tl 
of  the  mid-axillary  line  it  gives  off  a  large  lateral  branch ;  continuing  its 
it  pierces  the  internal  intercostal  muscle  and  lies  upon  the  pleura ;  finally 
lateral  border  of  the  sternum,  it  passes  forwards  in  front  of  the  internal  ma 
artery  and  through  the  internal  intercostal  muscle,  and  the  aponeurosis 
external  intercostal  muscle,  and  ends  by  supplying  the  skin  of  the  front 
chest  over  the  second  intercostal  space. 

The  nerve  supplies  the  following  branches : — 

1.  Muscular  branches  to  the 

of  the  second  intercostal  space. 

2.  Cutaneous  branches,  (a)  A 
terminal  branches  (rr.  cutaneus  ant< 
the  skin  over  the  second  interoost 
(Fig.   503).      (6)  A  large  lateml  ca 
branch,  the  intercosto-hnmeral   nc 
intercosto-brachialis)    (Fig.    494,   p 
This  nerve  pierces  the  intercostal 
and  the  serratus  magnus,  and,  crosi 
axilla,  extends  to  the  arm.      It  piei 
deep  fascia  just  beyond  the  posterioi 
the  axilla,  and  can  be  traced  down 
as  far  as  the  interval  between  the 
condyle  of  the  humerus  and  the  ol 
process.     It  supplies  an  area  of  skin 
ing  across  the  armpit  and  along  the  p 
surface  of  the  arm  on  the  inner  aid 
as  the  elbow  (Fig.  497,  p.  628). 

The  intercosto-humeral  nerve  variei 
It  may  pierce  the  first  intercoetal  space, 
often  divisible  into  anterior  and  j 
branches,  like  the  lateral  branch  of  an  < 
int<?rcostal  nerve. 

Communications. — (1)  The  int 
humeral  nerve  communicates  wit 
adjacent  nerves.  Either  before  o 
piercing  the  fascia  of  the  axilla  it  is  jo 
the  lesser  internal  cutaneous  nerve  of  the  brachial  plexus.  It  also  communicates  v 
posterior  part  of  the  lateral  branch  of  the  third  intercostal  nerve  by  means  of  the  b 
distributed  to  the  floor  and  boundaries  of  the  axilla.  It  may  supply  the  axillary 
when  present.     (2)  Besides  the  branches  referred  to,  the  second  thoracic  nerve  ii 


Fro.  502. 


-Scheme  of  the  Distribution  op  a 
Typical  Spinal  Nerve. 
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Via.  503. — The  Distribution  of  Cutaneous  NEavEs  on  the  Front  of 
THE  Trunk. 

On  one  side  the  distribution  of  the  several  nerves  in  represented,  the  letters 
indicating  their  nomenclature. 

G.A,  Great  auricular  nerve  ;  S.C,  Superficial  cervical  nerve  ;  S.Cl,  Supra- 
clavicular nerves  ;  AcR,  Acromial  ;  Cl,  Clavicular  ;  St,  Sternal  ;  T.'i-l'i, 
Lateral  and  anterior  branches  of  thoracic  nerves  ;  I.H,  Ilio-hypogastric 
nerve  ;  I.I,  Ilioinguinal  nerve  ;  CiRC,  Cutaneous  branch  of  circumflex 
nerve  ;  L.I.C,  Lesser  internal  cutaneous  nerve  ;  LH,  Intercosto-huraeral  ; 
I.C,  Internal  cutaneous  ;  M.S,  Cutaneous  branch  of  musculo-spiral  nerve, 
E.C,  External  cutaneous  nerves ;  G.C,  Genito-crural  nerve  ;  M.C^  '\  Middle 
cutaneous  nerves  ;  LC^  Branch  of  internal  cutaneous  nerve  ;  P,  Branches 
of  pudic  nerve  ;  S.Sc,  Branches  of  small  sciatic  nerve. 

On  tlie  other  side  a  schematic  representation  is  given  of  the  areas  supplied  by 
tlie  above  nerves,  the  numerals  in<licating  the  spinal  origin  of  the  branches 
of  distribution  to  each  area. 
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muscles  as  far  as  the  middle  of  the  chest  wall,  lying  at  a  lower  level  than  thei 
costal  vessels.  At  the  side  of  the  chest  eagh  uerve  passes  obliquely  through  the  inti 
intercostal  muscle,  and  comes  to  lie  upon  the  pleura,  triangularis  stemi 
and  internal  mammary  artery.  Thereafter,  piercing  the  fibres  of  the  inU 
intercostal  muscle  and  the  aponeurosis  of  the  external  intercostal  muscle,  < 
nerve  ends  by  supplying  the  skin  of  the  front  of  the  chest,  over  an  area  cor 
ing  to  the  inner  or  anterior  part  of  the  intercostal  space  to  which  it  belongs. 

Branches. — Each  intercostal  nerve  supplies,  in  addition  to  the  anterior  ternii 
cutaneous  branches,  muscular  hrauches  to  the  intercostal  muscles  and  a  kl^ 
trunk  (r.  cutaneus,  lateralis),  which,  piercing  the  intercostal  muscles  and  \ 
serratus  magnus,  divides  into  anterior  and  posterior  branches  for  the  inneruH 
of  the  skin  over  the  side  of  the  chest.  Each  area  of  skin  thus  innervated 
continuous  anteriorly  with  the  area  innervated  by  the  anterior  terminal  bnuM 
of  the  same  nerves,  and  posteriorly  with  the  areas  supplied  by  their  postal 
primary  divisions. 

The  upper  six  intercostal  nerves  supply  the  muscles  of  the  first  six  inteica 
spaces  and  the  triangularis  stemi  (3,  4,  5,  6).  The  second,  third,  fourth,  fifth,  i 
sixth  nerves  supply  the  skin  of  the  front  of  the  chest :  the  second,  opposite 
manubrio-sternal  joint;  the  sixth,  opposite  the  base  of  the  xiphoid  cartilage.  Tl 
lateral  branches  supply  branches  to  the  intercostal  muscles  and  tlie  skin  of  the  i 
of  the  chest,  the  second  (intercosto-humeral)  and  the  third  in  part  being  drawn 
on  to  the  arm.     The  fourth  supplies  the  nipple  (Fig.  503). 

GonmiunicationB. — Each  of  these  intercostal  ucrvcs  cominiuiicates  with  the  sympatl 
cord  and  ganglia  by  two  branches — b.  white  yamm  comviunicans  to  the  correspondiDg  i 
pathetic  ganglion  or  the  adjacent  part  of  the  sympathetic  cord  ;  and  a  gray  ramyu 
municanSf  which  passes  to  each  nerve  from  tlie  corresponding  ganglion. 

The  seventh,  eighth,  ninth,  tenth,  and  eleventh  thoracic  nerves  only  d 
from  the  preceding  nerves  in  regard  to  a  part  of  their  course  and  distribution.  I 
has  the  same  course  and  communications  as  the  preceding  nerves  in  the  thoracic  y 
In  addition,  these  nerves  have  a  further  course  and  distribution  in  the  abdon 
wall.  Eacli  nerve  traverses  its  intercostal  space  in  the  way  described.  At 
anterior  end  of  the  space,  the  nerve  pierces  the  attachment  of  the  diaphragm 
the  transveralis  abdominis  muscles  to  the  costal  cartilages,  and  courses  forwan 
the  abdominal  wall  between  the  transversahs  and  obUquus  internus  musclea 
nerve  then  passes  between  the  rectus  muscle  and  the  posterior  layer  of  its  8b( 
and  eventually  reaches  the  anterior  abdominal  wall  and  becomes  cutaneooi 
piercing  the  rectus  itself  and  the  anterior  layer  of  its  sheath. 

Muscular  Branches. — The  lower  intercostal  nerves  supply  the  inteio 
muscles  of  the  spaces  in  which  they  lie ;  and  in  the  abdominal  wall  they  innei 
the  transversalis,  obliqui,  and  rectus  abdominis.  The  branches  arise  from 
main  trunk  as  well  as  from  its  lateral  and  anterior  branches.  (The  ninth,  U 
and  eleventh  nerves  are  described  as  assisting  in  the  innervation  of  the  diaphi 
by  communications  with  the  plirenic  nerve.) 

Cutaneous  Branches. — These  are  lateral  and  anterior.  The  lateral  hni 
divide  into  anterior  and  posterior  parts,  and,  becoming  superficial  along  the  lii 
inter-digitation  of  the  obliquus  externus  muscle  with  the  serratus  magnus 
Litissimus  dorsi,  they  are  directed  more  obliquely  downwards  than  the  lal 
branches  of  the  higher  intercostal  nerves,  and  are  distributed  to  the  skin  of 
loin  as  low  down  as  the  buttock.  The  lateral  branch  of  the  eleventh  nerve  ca 
traced  over  the  iliac  crest  (Fig.  503). 

Tlie  anterior  branches  are  small  That  of  the  seventh  nerve  innervates  the ; 
at  the  level  of  the  ensiform  cartilage.  The  eighth  and  ninth  appear  between 
ensiform  cartilage  and  the  umbilicus ;  the  tenth  nerve  supplies  the  region  of 
umbilicus;  and  the  eleventh,  the  area  immediately  below  the  umbilicus. 

The  cutaneous  branches  of  these  nerves,  including  the  posterior  i)riniary  divisions,  thus  M 
continuous  tnilts  of  skin,  wliich  can  be  mapped  out  on  the  IkxIv  from'  the  vertebral  col 
behind  to  the  middle  line  in  front.  These  areas  are  not  i)lacecl  horizontally,  but  tend 
<lrawn  downwards  as  the  series  is  followed  from  the  upper  to  the  lower  nerves. 

The  twelfth  thoracic  nerve  is  peculiar  in  its  course  and  distributioo. 


THE  LUMBO-SACRAL  PLEXUS.  639 

I  below  the  last  rib  (Fig.  504),  and  ptisses  outwards  and  downwards  in  the 
■terior  abdominal  wall  under  cover  of  the  psoas  muscle,  and  between  the  external 
dilate  ligiiment  and  the  quadratus  lumborum  muscle ;  it  pierces  the  transversalis 
imscle,  and  courses  forwards  in  the  interval  between  it  and  the  obliquus  iuternus 

far  as  the  sheath  of  the  rectus  muscle.  After  piercing  the  posterior  layer  of  the 
i«ath,  the  rectus  muscle,  and  the  anterior  layer  of  the  sheath,  it  terminates  by 
tpplying  the  skin  of  the  anterior  abdominal  wall  midway  between  the  umbilicus 
fed  the  pubis.  The  bi-anches  of  the  nerve  are  muscular,  to  the  transversiilis, 
sliqui,  rectus,  and  pyramidalis  muscles  of  the  abdominal  wall,  and  cutaneous 
WOBihin,  two  in  number — an  anteriar  terminal  branch,  which  supplies  the  skin  of 
ftie  anterior  abdominal  wall  midway  between  the  umbilicus  and  the  pubis,  and  a 
.xge  lateral  cutaneous  (iliac)  branch,  which,  passing  obliquely  downwards  through 
Be  lateral  muscles  of  the  abdominal  wall,  becomes  superficial  above  tlie  iliac  crest, 

couple  of  inches  behind  the  anterior  superior  spine.  It  supplies  the  skin  of  the 
vittock  as  far  down  as  a  point  below  and  in  front  of  the  great  trochanter  of  the 
sanur  (Fig.  507,  p.  645). 

Tlie  twelfth  thoracic  uervo,  in  many  cases,  receives  a  commanicating  branch  from  the  eleventh, 
«Ar  its  origin,  and  still  more  frecmently  sends  a  fine  branch  to  join  the  origin  of  the  first 
mubar  nerve  in  the  psoas  muscle,  it  may  communicate  also  with  the  ilio-hypogastric  nerve,  as 
bey  lie  together  in  the  abdominal  wall. 

THE  LUMBO-SACRAL  PLEXUS. 

The  lumbo-sacral  plexus  is  formed  by  the  union  of  the  anterior  primary  divisions 
af  the  remaining  spinal  nerves  —  five  lumbar,  five  sacral,  and  one  coccygeal. 
Frequently,  a  fine  communicating  branch  of  the  twelfth  thoracic  nerve  joins  the 
Brat  luml>ar  nerve  near  its  origin. 

Of  the  nerves  in  question  the  first  sacral  is  generally  the  largest  in  size,  the 
nerves  diminishing  gradually  above  and  rapidly  below  the  first  sacraL  The  plexus, 
fc  the  most  part,  forms  the  nerves  destined  for  the  supply  of  the  lower  limb.  In 
addition,  however,  nerves  arise  at  its  upper  limit  which  are  distributed  to  the  trunk 
above  the  level  of  the  limb,  and  at  the  lower  end  of  the  plexus  nerves  arise  for  the 
supply  of  the  j)erineum. 

Partly  for  convenience  of  description,  and  partly  on  account  of  the  differences 
in  position  and  ccjurse  of  some  of  the  nerves  emanating  from  it,  the  plexus  is  sub- 
divided into  three  subordinate  parts  —  lumbar,  sacral  or  sciatic,  and  pudendal 
plexuses.  There  is,  however,  no  strict  line  of  demarcation  between  the  three  parts. 
The  lumbar  plexus  is  formed  by  the  first  four  lumbar  nerves,  and  is  often 
joined  by  a  branch  from  the  twelfth  thoracic  nerve  as  well.  It  is  limited  below  by 
the  fourth  lumbar  nerve  (n.  furcalis),  which  also  euters  into  the  composition  of  the 
sciatic  or  sacral  plexus.  The  nerves  of  the  lumbar  plexus  are  formed  in  the  loin, 
and  supply  that  region  as  well  as  part  of  the  lower  limb.  They  are  separated  from 
the  nerves  of  the  siicral  portion  of  the  plexus  by  the  articulation  of  tlie  innominate 
bone  with  the  sacrum. 

The  sacral  or  sciatic  plexus  is  formed  by  the  fourth  and  fifth  lumbar,  and  the 
first  two  or  three  sacral  nerves.  It  is  generally  liruited  Ijelow  by  the  third  sacjral 
nerve  (n.  bigeminus),  which  also  assists  in  forming  the  pudendal  plexus.  TJie  nerves 
of  the  sacral  plexus  are  placed  on  the  posterior  wall  of  the  pelvis,  and  an;  destined 
aluif'st  entirely  for  the  lower  limb. 

The  pudendal  plexus  is  formed  by  tlie  second,  third,  fourth,  and  litth  sacral 
urnes,  and  the  minute  coccygeal  nerve.  It  is  placed  on  the  back  wall  of  the  pelvis 
and  supplies  branches  mainly  to  the  perineum. 

Communications  with  the  Sympathetic. —  Hach  of  those  nerves  has  comnumica- 
tiou8  with  the  gangliated  cord  of  the  sympathetic  in  tlie  abdomen  and  pelvis. 

Qray  Rami  Communicantes. — From  tlie  lumbar  and  sacral  ganjjjlia  lon^  slender  //my 
mini  rom /nun icantf 8  arc  directed  backwards  and  outwards  over  the  bodies  of  the  vertebne, 
luid  i.iii  the  lumbar  rej^ion)  beneath  the  origins  of  the  psoas  muscle,  to  reach  the  anterior 
priiniiry  divisions  of  the  nerves.  These  branches  are  irregular  in  their  arrangement.  A 
inven  nerve  may  receive  branches  from  two  L^anglia,  or  one  ganglion  may  send  bninches 
twtwo  nerves.  The  rami  are  lonjL^er  in  the  loin  than  in  the  pelvis,  owing  to  the  projection 
of  the  lumbar  portion  of  the  vertebral  column. 
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White  Band  Commnnicaiites. — Certain  lumbar  and  sacral  nerves  are  also  < 
with  the  abdominal  and  pelvic  svmpathetbic  by  means  of  whiU  rami  cammunicaniet, 
the  first  two,  and  possibly  also  the  third  and  fourth  lumbar  nerves,  white  rami 


Fig.  504.— Nkkves  of  the  Lumbosacral  Plexus. 

Sy,  Sympathetic  conl ;  T.12,  L.1,  2,  3,  4,  5,  S.l,  2,  3,  4,  5,  Co,  Anterior  primary  divisions  of  the  but  thondt, 
the  hirabar,  sacral,  and  coccygeal  nerves  ;  Q,  Nerves  to  quadratus  lumbonim  ;  Pa,  Nerves  to  pMi 
muscle  ;  G.C\  Gcuito-crural  nerve  ;  II,  Iliac  branches  of  last  thoracic  and  ilio-bypogastric  nerves:  Hj; 
Hypogastric  branch  of  Ilio-hypogastric  nerve  ;  I.I,  Ilio-inguinal  nerve  ;  E.C,  External  cutaneous nent: 
A.C,  Anterior  cniral  nerve  ;  Obt,  Obturator  nene  ;  Py,  Nerves  to  pyrifonnis  muscle;  OX  Nerw  to 
obturator  iutcrnus  ;  Q.F,  Nerve  to  quadratus  femoris  muscle ;  Art,  Articular  branch ;  8.G,  SqMOBr 
gluteal  ner>e  ;  I.G,  Inferior  gluteal  nerve  ;  P,  Peroneal  nerve  ;  Bi.2,  Nerve  to  short  head  of  bloBfi 
muscle  ;  T,  Tibial  nerve  ;  Art,  Articular  branch  ;  H.S,  Nerve  to  the  hamstring  muscles  ;  Bil,  Nsm" 
to  biceps  (long  hea<l),  and  St.l,  to  semitendinosus  ;  St.2,  Semiteudiuosus  ;  Sni,  Semimembranow ; 
A.m.  Adiluctor  magnus  ;  S.Sc,  Small  sciatic  ner\'e  ;  Perf,  Perforating  cutaneous  nenre  ;  Pud,  Pudknow; 
M.  Muscular  branches  ;  Per,  Perineal  branch  of  fourth  sacral ;  A.Co,  Anterior  sacro-coocygetl  fUBrn. 
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are  directed  forwards,  either  independently  or  incorporated  with  the  corresponding 
uniy  to  joiu  the  upper  part  of  the  lumbar  gangliated  cord.  The  fifth  lumbar  nerve 
e  first  sacral  uenres  are  unprovided  with  white  rami  communicantes.  Fix)m  the 
ind  usually  also  the  second  or  fourth  sacral  nerves,  white  rami  (visceral  branches) 
iwards,  and,  crossing  over  (without  joining)  the  gangliated  cord,  enter  the  pelvic 
of  the  sympathetic.  The  fifth  sacral  and  coccygeal  nerves  possess  no  white  rami 
micantes. 

THE  LUMBAR  PLEXUS. 

le  lumbar  plexus  is  formed  by  the  anterior  primary  divisions  of  the  first  three 
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505.— View  ok  the  Posterior  Abdominal  Wall,  to  show  the  Muscles  and  the  Nerves  ok 

THE  Lumbo-Sacual  Plexus. 

i  part  of  the  fourth  lumbar  nerves,  with  the  addition,  in  some  cases,  of  a  small 
jh  from  the  twelfth  thoracic  nerve.  The  nerves  increase  in  size  from  above 
wards  (Fig.  505). 

osition  and  Constitution. — The  plexus  is  placed  deeply  in  the  substance  of 
soas  muscle,  in  front  of  the  transverse  processes  of  the  lumbar  vertebrae.     The 
45 
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nerves,  on  emerging  from  the  intervertebral  foramina,  are  connected  as  il 
described  with  the  sympathetic  system,  and  then  divide  in  the  following  mumt 
the  substance  of  the  psoas  muscle.  The  first  and  second  nerves  divide  into  ii{ 
and  lower  branches.  The  upper  branch  of  the  first  nerve  (which  may  be  joina 
the  branch  from  the  twelfth  tlioracic  nerve)  forms  two  nerves,  ilio-hypogaftrie 
ilio-ingninaL  The  lower  branch  of  the  first  joins  the  upper  branch  of  the  sa 
nerve,  to  produce  the  genito-croral  nerve.  The  lower  branch  of  the  second  n 
the  wliole  of  the  third,  and  that  part  of  the  fourth  nerve  engaged  in  the 
stitution  of  the  plexus  divide  each  into  two  unequal  parts — smaller  anterior 
larger  posterior  parts.  Tlie  smaller  anterior  portions  combine  together  to  i 
the  obturator  nerve,  which  is  thus  formed  by  the  second,  third,  and  fourth  lui 
nerves.  Tlie  root  from  the  second  nerve  is  not  always  present.  The  li 
posterior  portions  of  the  same  nerves  combine  together  to  form  the  ait 
crural  nerve.  From  the  back  of  the  posterior  parts  of  the  second  and  I 
nerves,  the  external  cutaneons  nerve  arises.  The  nerves  also  provide,  near  i 
origins,  iiTcgular  muscular  branches,  for  the  psoas  and  quadratus  lumU 
musclea  The  following  is  a  list  of  the  nerves  which  spring  from  the  Iiu 
plexus  (Figs.  504  and  505)  :— 

(1)  Muscular  branches  to  the  quadratus  (4)  Genito-cruraL 

lumborum  and  psoas.  (5)  External  cutaneous. 

(2)  Ilio-hypogastric.  (6)  Obturator. 

(3)  Ilio-inguinal.  (7)  Anterior  crural. 

Muscular  Branches. — The  nerves   to   the  quadratus  Imnbonun  mnsda 

independently  from  the  first  tliree  or  four  lumbar  nerves  (and  sometimes  also 
the  twelfth  thoracic  nerve).  The  nerves  to  the  psoas  muscles  arise  from  the  se 
and  third  lumbar  nerves,  with  additions,  in  some  cases,  from  the  first  or  fo 
They  are  often  associated  in  their  origin  with  the  nerve  to  the  iliacus  from 
anterior  cruraL  The  psoas  minor,  when  present,  is  innervated  by  the  fin 
second  lumbar  nerva 

Tlie  ilio-hypogastric  and  ilio-inguinal  nerves  closely  resemble  in  their  o 
and  distribution  the  lower  thoracic  nerves,  with  which  they  are  in  series. 

The  ilio-hypogastric  nerve  (n.  ilio-hypogastricus)  is  the  highest  branc 
the  first  lumbar  nerve.  It  receives  fibres  also  from  the  twelfth  thoracic,  when 
nerve  communicates  with  the  first  lumbar  nerve.  After  traversing  the  psoas  m 
obliquely,  it  appears  at  its  outer  border  on  the  surface  of  the  quadratus  lumb 
and  behind  the  kidney.  It  courses  through  the  loin,  lying  between  the  transve 
and  obliquus  intern  us  muscles,  above  the  crest  of  the  ilium.  About  an  inch  in  fn 
the  anterior  superior  spine  it  pierces  the  obliquus  internus,  and  continues  its  c 
in  the  groin  beneath  the  aponeurosis  of  the  obliquus  extemus.  It  finally  bee 
cutaneous  in  the  anterior  abdominal  wall,  by  piercing  the  aponeurosis  of  the  obli 
extornus  al)Out  an  inch  and  a  half  above  the  external  abdominal  ring  (Fig.  507 1>. 

Its  branches  are — (1)  muscular  to  the  muscles  of  the  abdominal  wall:  an 
cutaneous  hranches,  two  in  numlDer.  The  iliac  branch  corresponds  with  the  la 
branch  of  an  intercostal  nerve,  and,  after  piercing  the  obliquus  internus 
obliquus  extemus,  becomes  cutaneous  just  above  the  iliac  crest,  below  and  be 
the  iliac  branch  of  the  last  thoracic  nerve.  It  is  small,  and  may  be  absent. 
distributed  to  the  skin  over  the  upper  j>art  of  the  outer  side  of  the  buttock,  in 
tiniiity  with  the  cutaneous  branch  of  the  posterior  primary  division  of  the 
lumbar  nerve.  The  hypogastric  branch  is  the  anterior  terminal  branch  of  the  o 
It  supplies  the  skin  of  the  anterior  abdominal  wall  Ixjlow  the  level  of  the 
thoracic  nerve  and  al)Ove  the  i>ubis. 

The  ilio-inguinal  nerve  (n.  ilio-inguinalis)  is  the  second  branch  give 
from  the  first  lumbar  nene.  It  also  may  receive  fibres  from  the  last  the 
n^rve.  Not  unfrequontly  the  ilio-hypogastric  and  ilio-inguinal  nerves  are  i 
sen  ted  lor  a  longer  or  shorter  ])art  of  th^ur  course  by  a  single  trunk.  When  sep 
the  nerve  takes  a  course  similar  to  that  of  the  ilio-hypogastric  nerve,  but  at  a! 
Ievt4,  as  far  as  the  anterior  abdominal  wall.  It  then  pierces  the  obliquus  int 
farther  forward  and  lower  down  than  the  ilio-hypogastric ;  and  coursing  for 
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Lcath  the  aponeurosis  of  the  obliquus  extemus,  just  above  Poupart's  ligament,  it 
omes  superficial  after  passing  through  the  external  abdominal  ring  and  external 
vmatic  fascia  (Fig.  507,  p.  645). 

Its  branches  are  muscular  to  the  muscles  of  the  abdominal  wall,  among  which  it 
ises,  and  cutaneous  branches,  which  innervate  the  skin  (1)  of  the  anteiior  abdominal 
11  over  the  symphysis  pubis,  (2)  of  the  thigh  over  the  upper  and  inner  part  of 
upa's  triangle,  and  (3)  of  the  upper  part  of  the  scrotum,  and  root  and  dorsum  of 
9  penis  (of  the  mons  Veneris  and  labium  majus  in  the  female).  These  last-named 
inches  are  contiguous  to  branches  of  the  pudendal  and  pudic  nerves.  No  lateral 
baneous  branch  arises  from  the  ilio-inguinal  nerve.  It  thus  corresponds,  like  the 
pogastric  part  of  the  ilio-hypogastric  nerve,  to  the  anterior  trunk  of  a  typical 
cncacic  nerve. 

The  genito-cmral  nerve  (n.  genito-femoralis)  usually  arises  by  two  independent 
Ota  from  the  front  ol*  the  first  and  second  lumbar  nerves,  which  unite  in  the  substance 
the  psoas  to  form  a  slender  trunk.  It  appears  on  the  i)Osterior  abdominal  wall, 
ing  on  the  psoas  magnus,  internal  to  the  psoas  parvus,  and,  piercing  the  psoas 
Kia,  it  extends  downwards  on  the  outer  side  of  the  common  and  external  iliac  vessels 
id  behind  the  ureter  to  Poupart's  ligament  (Fig.  505,  p.  641).  At  a  variable  point 
ove  that  ligament  it  divides  into  genital  and  crural  branches.  The  genital  branch 
a  minute  nerve.  It  crosses  the  terminations  of  the  external  iliac  vessels,  and, 
ong  with  the  vas  deferens  and  spermatic  vessels,  enters  the  inguinal  canal  through 
le  internal  abdominal  ring.  It  terminates  by  supplying  small  branches  to  the 
in  of  the  scrotum  and  adjacent  part  of  the  thigh.  In  the  female  it  accompanies 
le  round  ligament  to  the  labium  majus.  This  nerve  gives  off  in  its  course  the 
Uowing  small  liranches:  (1)  to  the  external  iliac  arteiy;  (2)  to  the  cremaster 
iUBcIe ;  (3)  to  communicate  with  the  spermatic  plexus  of  the  sympathetic.  The 
val  branch  continues  the  course  of  the  parent  nerve  into  the  thigh,  lying  on  the 
Iter  side  of  the  femoral  artery.  It  becomes  cutaneous  by  passing  through  the 
iphenuus  opening  or  the  iliac  portion  of  the  fascia  lata,  and  supplies  an  area  of 
»n  over  Scarpa's  triangle,  external  to  that  supplied  by  the  ilio-inguinal  nerve 
Fig.  507,  p.  645).  It  communicates  in  the  thigh  with  the  middle  cutaneous 
ranch  of  the  anterior  crural  nerve.  Before  piercing  the  deep  fascia  it  gives  a 
linuie  branch  to  the  femoral  artery. 

The  external  cutaneous  nerve  (n.  cutaneus  femoris  lateralis)  is  only  distri- 
uted  to  skin  (Fig.  505).  It  arises  from  the  back  of  the  lumbar  plexus,  and  usually 
foiu  t!ie  second  and  third  lumbar  nerves.  Emerging  from  the  psoas  muscle  at  its 
ater  border,  the  nerve  crosses  the  iliacus  muscle,  l)eneath  the  fascia  iliaca,  to  reach 
he  anterior  superior  iliac  spine.  It  enters  the  thi^^h  beneath  the  outer  extremity 
f  Pouj)art*8  ligament,  and  either  over,  under,  or  throu<rh  the  origin  of  the  sartorius 
iiuaele.  It  extends  down  the  outer  side  of  the  front  of  the  thigh  for  a  lew  inches, 
j'ing  at  first  ]>eneath  the  fascia  lata,  and  aftt*rwards  in  a  tubular  investment  of  the 
ascia.  It  gives  olf  small  branches  in  this  ])art  of  its  course,  and  finally,  piercing  the 
aaeia about  four  imihes  below  the  anterior  sui)erior  iliac  spine.it  separates  intoanterior 
ind  |>osterior  terminal  branches.  The  anterior  branch  is  the  larger,  and  is  distributed 
m  the  outer  side  of  the  front  of  the  thigh  almost  to  the  kuee.  I'he  smaller  posterior 
nnch  supplies  the  skin  of  the  outer  side  of  the  buttock  below  the  great  trochanter 
mil  of  the  upper  two-thirds  of  the  outer  side  of  the  thigh  (Fig.  507,  ]>.  645;. 

Obtukator  Nerve. 

The  obturator  nerve  fn.  obturatorius)  8Ui)plies  the  muscles  and  skin  on  the 
Inner  side  of  the  thigh.  It  arises  in  the  substance  of  the  psoas  muscle  by  tliree 
rc»<)t»  placed  in  front  of  those  of  the  anterior  crural  nerve,  and  derived  from  tlie 
Bee »nd,  third,  and  ftmrth  lumbar  nerves  (Ki<(.  olio,  p.  0-41;.  Sometimes  the  root 
from  the  second  nerve  is  absent.  Passimr  vertically  downwards,  tht^  nerve  emerges 
from  the  pst)as  at  its  inner  border,  behind  the  (tonimon  iliac,  and  <m  the  outer  side 
of  the  internal  iliac  vessels.  It  j»asses  forwards  below  the  pelvic  brim  in  com[»any 
with  the  obturator  artery  to  the  obturator  groovt^  of  the  thyroid  foramen,  through 
which  it  reaches  the  tliigli.  While  in  the  obturator  ^^roove  it  separates  into  its 
two  main  branches,  named  su]>ortici'il  and  dee])  (Fi<,^  oOG,  j).  044). 
45  a 
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The  superficial  branch  enters  the  thigh  in  front  of  the  obturator  externvi 
adductor  brevis  muscles,  and  beneath  the  pectineus  and  adductor  longuSb  In  ( 
middle  third  of  the  thigh  it  is  found  coursing  along  the  inner  border  of  the  i 
longus,  anterior  to  the  gracilis ;  and  it  finally  divides  into  two  slender 
filaments,  of  which  one  enters  Hunter's  canal  and  ends  on  the  femoral  artery,  i 
the  other  supplies  the  skin  for  a  variable  distance  on  the  inner  side  of  the  thigh  i 
joins  in  the  obturator  (sub-sartorial)  plexus. 

The  branches  of  the  superficial  part  of  the  nerve  are : — 

1.  An  articular  branch  to  the  hip-joint  which  arises  from  the  nerve  as  sooal 
it  enters  the  thigh,  and  supplies  the  joint  through  the  acetabular  notch. 


Obtvkator  nebtb  , 


Fubls 
Psoas  nui^us 

BraMCH  to  Blf-JOINT 

Dekp  fiAAMi-n 

SUPESriCIAL  UttAMCIf 

Descending  mascular  briiiirht«H 

pBct(nbii9 
Ascending  branch  to  obturator 

Internal  circumflex  *rtflrj' 

Adductoi-  loDguJ 
Adductor  brevli 


CCTAMBOUa  tjRANCI] 


Pjjiformi* 

4llitteiu  ifuxlmua 

PfslVJe  DuKia 
Obtnnt^r  intenaas 
Obtcm^tQf  extemiu 

Js<;hLuiu 

Aeo^ndlng  bnnch  of  internal 

clFcuntAex  a4rtery 
QuadratTtfl  f^moria 
f  Dte^iial  eircuiuHex  mrt«r3r 

DeactiQdin^  muveuJar  bnmches 
Adductor  i 


BAaITCB  to  WWWSh^OlKT 


Branch  to  raifORAL  artery  Gracilis 

Fia.  606. — Scheme  of  the  Coubse  and  Djstbibution  of  the  Obturator  Nkrvb. 

2.  Muscular  branches  to  the  adductor  longus,  gracilis,  adductor  brevis  (usualljjt 
pectineus  (occasionally).  The  last-named  muscle  is  not  usually  supplied  from  tlie 
obturator  nerve. 

3.  A  cutaneous  branch  of  very  variable  size  forms  one  of  the  terminal  branchei 
(Fig.  507).  It  l)ecomes  superficial  between  the  gracilis  and  adductor  longus,in  the 
middle  third  of  the  thigh,  and  may  supply  the  skin  of  the  lower  two-thirds  of  the 
thigh  in  its  inner  side.  It  is  generally  of  small  size,  and  is  connected  with 
branches  of  the  internal  cutaneous  and  internal  saphenous  nerves  behind  the 
sartorius  muscle  to  form  the  obturator  (sub-sartorial)  plexus.  The  branch  from  the 
internal  saphenous  nerve  to  the  plexus  passes  inwards  behind  the  sartorius  after 
piercing  the  aponeurotic  covering  of  Hunter's  canal.  The  branch  from  the  intemil 
cutaneous  nerve  is  generally  superficial  at  the  point  of  formation  of  the  plexua 

4.  The  branch  to  the  femoral  artery  is  the  other  terminal  branch  of  the 
nerve.  It  enters  Hunter's  canal  along  the  inner  edge  of  the  adductor  longus,  and 
ramifies  over  the  lower  part  of  the  artery. 

5.  A  fine  communicating  branch  sometimes  joins  the  anterior  crural  nerve  in 
front  of  the  hip-joint. 

The  deep  part  of  the  obturator  nerve  reaches  the  thigh  by  piercing  the 
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It  passes  downwards  between  the  adductor  brevis  and 
After  passing  obliquely 


extemuB  muscle. 

magnus  mu8cle& 

he  adductor  magnus,  it  appears  in  the  popliteal 
be  popliteal  vessels,  and  terminates  by  piercing 
rior  ligament  and  supplying  the  knee-joint. 
ranches  are: — (1)  mnscular  branches  to  the 

extemus,  adductor  magnus,  and  (when  the 

not  supplied  by  the  superficial  part  of  the 
i€uiductorbrevi&  The  branch  to  the  obturator 
arises  before  the  nerve  enters  the  muscle,  in 
rator  groove.  The  nerve  to  the  adductor 
is  given  off  as  the  obturator  nerve  passes 
:he  substance  of  the  muscle.  (2)  An  articular 
iranch  is  supplied  to  the  back  of  the  knee-joint. 

Anterior  Crural  Nerve. 

interior  cmral  nerve  (n.  femoralis)  is  the 
:ve  for  the  muscles  and  skin  of  the  front  of 
1.  It  arises  in  the  substance  of  the  psoas 
rem  the  back  of  the  second,  third,  and  fourth 
lerves,  behind  the  obturator  nerve.  Passing 
through  the  psoas  muscle,  it  emerges  from 
border  in  the  false  pelvis  (Fig.  505,  p.  641). 
lownwards  in  the  groove  between  the  psoas 
us,  it  enters  the  thigh  beneath  Poupart's  liga- 
:temal  to  the  femoral  sheath  and  femoral 
In  Scarpa's  triangle  it  breaks  up  into  a  large 
of  branches,  among  which  the  external  cir- 
artery  passes. 

branches  of  the  anterior  crural  nerve,  which 
muscular,  (2)  articular,  and  (3)  cutaneous, 
the  following  way : — 

he  abdomen  a  muscular  branch  arises  from 
T   side  of  the  nerve  and  enters  the  iliacus 

Scarpa's    triangle    the     terminal    muscular, 

,  and  cutaneous  branches  arise  in  the  form 

e  bundle  of  nerves. 

[le  muscular  branches   supply  the  pectineus,  Fio.  507.— Distribution   of  Cuta- 

,  and  quadriceps  extensor      The  ner\e  to  the     ^.ll^'LllTZr  ™  '''''*''  "*' 

?   arises    close   to    Poupart's    ligament,  and  ^^^  ^^  ^^^  ^^^  ,j^^  ^.^^^^^^^^^^^ 

obliquely  downwards   and  inwards  behind 
3ral  vessels   enters  the  muscle  at   its   outer 

It  is  not  infrequently  double.  It  some- 
ves  off  a  fine  communicating  branch  to  the 
al  part  of  the  obturator  nerve.  The  nerves 
irtorius  are  in  two  sets  :  an  outer  short  set  of 
issociated  with  the  outer  part  of  the  middle 
IS  nerve,  which  enter  the  upper  part  of  the 
and  an  inner  longer  set  which  are  associated 
3  inner  part  of  the  middle  cutaneous  nerve, 
ply  the  middle  of  the  muscle.  The  parts  of 
idriceps  extensor  are  supplied  by  several 
J.  The  vastus  ex  tern  us  and  rectus  femoris 
»lied  on  their  deep  surface  by  separate  nerves 


several   nerves   is   represented,  the 
letters  indicating  their  nomenclature. 

T.ll,  Branches  of  eleventh  thoracic 
nerve;  T.12,  Branches  of  twelfth 
thoracic  nerve ;  I.H,  Ilio-hypoj^astric; 
I.I,  Ilio- inguinal ;  E.C,  External  cuta- 
neous ;  G.C,  (Jenito-crural  ;  M.C\*'^, 
Middle  cutaneous  ;  I.C',*^,  Internal 
cutaneous  ;  Obt,  Obturator  ;  S.Sc, 
Small  sciatic  ;  Pat.  Plkx,  Patellar 
plexus ;  Pat.  Patellar  branch  of 
internal  saphenous;  E.P.S,  Sural 
]>rauches  of  peroneal  nerve  ;  I.S, 
internal  saphenous;  M.(',  Musculo- 
cutaneous ;  £.S,  External  saphenous; 
A.T,  Anterior  tibial. 

On  the  other  side  a  schematic  repre- 
sentation is  given  of  the  areas  sup- 


plied by  the  above  nerves,  the  figures 
indicating  the  spinal  origin  of  the 
branches  of  distribution  to  each  area. 


re  accompanied  by  branches  of  the  external 

ex  artery.     The  crureus  muscle  is  supplied 

ally  by  a  nerve  which    passes    through   the 

and  innervates  also  tlie  subcrureus.     It   also  receives  fibres  from  one  of 

[5b 
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the  nerves  to  the  vastus  internus.  The  vastus  intemus  muscle  is  supplied  b 
nerves :  an  upper  trunk,  which  supplies  the  higher  part  of  the  muscle,  and  sends 
to  the  crureus  as  well ;  and  a  lower  trunk,  which  descends  on  the  outer  side  ( 
femoral  artery  along  with  the  internal  saphenous  nerve,  and  passing  beneat 
sartorius,  over  or  under  the  aponeurotic  covering  of  Hunter^s  canal,  enters  the 
side  of  the  vastus  intemus  muscle.  This  nerve  gives  off  a  small  branch  which  < 
the  medullary  canal  of  the  femur. 

2.  The  articular  branches  supply  the  hip  aud  knee-joints.  The  articular  brai 
the  hip-joint  arises  from  the  nerve  to  the  rectus  femoris,  and  is  accompanii 
branches  from  the  external  circumflex  artery.  The  articular  branches  to  the 
joint  are  four  in  number.  Three  of  them  arise  from  the  nerves  to  the  vastus  ext( 
crureus,  and  vastus  internus,  which,  after  the  muscular  nerves  are  given  o 
continued  downwards  to  the  knee-joint  along  the  front  of  the  femur.  A  f 
articular  branch  arises  (sometimes)  from  the  internal  saphenous  nerva 

3.  The  cutaneous  branches  are  the  middle  and  internal  cutaneous,  an* 
internal  saphenous  nerves  (Fig.  507). 

The  middle  cataneons  nerve  arises  in  two  parts,  an  external  and  an  ini 
branch,  in  the  upper  part  of  Scarpa's  triangle.  The  two  branches  descend  vert 
and  become  cutaneous  by  piercing  the  fascia  lata  over  the  upper  third  c 
sartorius  muscle.  They  carry  muscular  branches  to  the  sartorius,  and  the  exi 
branch  in  many  cases  pierces  the  muscle.  These  two  nerves  supply  the  sh 
the  lower  three-fourths  of  the  front  of  the  thigh,  between  the  external  catai 
nerve  on  the  outer  side  and  the  internal  cutaneous  on  the  inner  side. 
reach  down  to  the  front  of  the  patella,  and  there  assist  in  the  formation  o 
patellar  plexus.  The  external  branch  communicates  in  the  upper  third  o 
thigh  with  twigs  from  the  crural  branch  of  the  genito-crural  nerve. 

The  internal  cataneons  nerve  lies  at  first  in  Scarpa's  triangle  on  the  oute 
of  the  femoral  vessels.  At  the  apex  of  the  triangle  it  crosses  over  the  femoral  vi 
and  is  directed  downwards  over  or  through  the  sartorius  muscle,  and  beneati 
fascia  lata,  to  the  lower  third  of  the  thigh.  It  is  distributed  to  the  skin  € 
lower  two-thirds  of  the  thigh  on  the  inner  side  by  means  of  three  branches — i 
middle,  and  lower. 

The  v^per  branch  may  be  represented  by  two  or  more  twigs.  It  arises  froi 
main  nerve  near  its  origin,  and  pierces  the  fascia  lata  near  the  apex  of  Sc 
triangle.  It  is  distributed  to  the  skin  of  the  upper  part  of  the  thigh,  alon 
line  of  the  saphenous  vein.  The  middle  or  anterior  branch  is  a  larger  nervi 
separates  from  the  lower  branch  at  the  apex  of  Scarpa's  triangle,  and  passing 
the  sartorius  muscle  becomes  cutaneous  in  the  middle  third  of  the  thigh  o: 
inner  side.  It  supplies  the  skin  of  the  lower  half  of  the  thigh  on  the  innei 
extending  as  low  as  the  knee,  where  it  joins  in  the  formation  of  the  patellar  p 

The  lower  or  internal  branch  represents  the  termination  of  the  nerve.  It  ] 
down  the  inner  side  of  the  thigh  over  the  sartorius  muscle,  and  communicai 
the  middle  third  of  the  thigh  with  the  internal  saphenous  and  obturator  ner 
form  the  obturator  plexus.  Piercing  the  fascia  lata  on  the  inner  side  of  the 
in  the  lower  third,  it  ramifies  over  the  inner  side  of  the  knee,  and  assists  i 
formation  of  the  patellar  plexus. 

The  size  of  the  internal  cutaneous  nerve  varies  with  the  size  of  the  cuta 
part  of  the  obturator,  and  of  the  internal  saphenous  nerve. 

The  long  or  internal  saphenous  nerve  (n.  saplienus)  may  be  regarded  a 
terminal  branch  of  the  anterior  crural  nerve.  It  is  destined  for  the  skin  of  tl 
and  foot.  From  its  origin  in  Scarpa's  triangle  it  descends  alongside  the  fei 
vessels  to  Hunter's  canal.  In  the  canal  it  crosses  over  the  femoral  sheath 
without  inwards.  At  the  lower  end  of  the  canal,  accompanied  by  the  supe 
branch  of  the  anastomotic  artery,  it  paases  over  the  tendon  of  the  adductor  ms 
and  opposite  the  inner  side  of  the  knee-joint  l)ecome8  cutaneous  by  passing  be' 
the  sartorius  and  gracilis  muscles.  The  nerve  then  extends  down  the  leg 
with  the  internal  saphenous  vein,  and  coursing  over  the  front  of  the  inner  an 
terminates  at  the  middle  of  the  inner  border  of  the  foot- 
Branches. — 1.  A  communicating  branch  arises  in  Hunter's  canal,  and  p 
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beneath  the  aartoiius  joins  with  branches  of  the  obturator  nerve  in  forming 
rator  plexus. 

le  pAteUar  branch  arises  at  the  lower  end  of  Hunter's  canal,  and  piercing  the 
muscle  is  directed  downwards  and  forwards  below  the  patella,  and  over 
:  tuberosity  of  the  tibia  to  the  front  of  the  knee  and  upper  part  of  the 
enters  into  the  formation  of  the  patellar  plexus. 

1  articular  branch  sometimes  arises  from  the  nerve  at  the  inner  side  of  the  knee, 
le  tenninal  brandMNi^  of  the  internal  saphenous  nerve  are  distributed  to  the 
he  front  and  inner  side  of  the  leg,  and  the  posterior  half  of  the  dorsum 
r  side  of  the  foot. 

liar  plexus. — This  plexus  consists  of  fine  communications  beneath  the 
root  of  the  knee,  between  the  branches  of  the  cutaneous  nerves  supplying 
on.  The  nerves  which  enter  into  its  formation  are  the  patellar  branch  of 
nal  saphenous,  internal  and  middle  cutaneous  nerves,  and  sometimes  the 
cutaneous  nerve. 

wemoTj  obturator  nerve  (n.  obturatorius  acceseoriuR,  n.  accessoriuB  anterioris  cruralis 
is  only  occasionally  present  (29  per  cent,  Eisler).  It  arises  from  the  third,  or  third  and 
ibar  nerves,  between  the  roots  of  the  obturator  and  anterior  crural  nervea  Associating 
L  the  obturator,  from  which,  however,  it  is  quite  separable,  it  appears  in  the  abdomen 
er  side  of  the  psoas  muscle,  and  coursine  over  the  pelvic  brim  behind  the  external  iliac 
leaves  the  obturator  nerve,  and  enters  tne  thigh  in  front  of  the  puhi& 
!  thigh,  behind  the  femoral  vessels,  it  usually  ends  in  three  branches :  a  nerve  which 
he  branch  from  the  anterior  cnu*al  to  the  pectineus,  a  nerve  to  the  hip-joint,  and  a 
ch  communicates  with  the  superficial  part  of  the  obturator  nerve.  In  some  cases  it 
lies  the  nerve  to  the  pectineus ;  more  rarely  it  is  of  considerable  size,  and  reinforces  the 
nerve  in  the  innervation  of  the  adductor  muscles. 

TceaaoTj  obturator  nerve  was  first  described  by  Winslow  as  the  n.  accessorius  anterioris 
Schmidt  later  described  it  in  great  detail,  and  gave  it  the  name  it  now  bears.  It  is 
ily  associated  with  the  anterior  crural  than  with  the  obturator.  Its  origin  is  behind 
of  the  obturator :  it  is  separated,  like  the  anterior  crural,  from  the  obturator  by  the 
e,  and  its  chief  branch,  to  the  pectineus  muscle,  replaces  the  normal  branch  from  the 
rural  nerve.  On  the  other  hand,  for  a  part  of  its  course  it  accompanies  the  obturator, 
«  cases  it  may  replace  branches  of  that  nerve. 

THE  SACRAL  OK  SCIATIC  PLF:XUS. 

sacral  or  sciatic  portion  of  the   lumbo-sacral  plexus  is  destined   almost 
for  the  lower  limb.     It  is  usually  formed  by  the  anterior  primary  divisions 
of  the  fourth  lumbar  nerve  (n.  furcalis),  the  fifth  lumbar,  the  first,  and 
the  second,  and  third  sacral  nerves  (n.  bigeminus). 

munications  with  the  Sympathetic. — Each  of  the  nerves  named  is  connected 
nliar  or  pelvic  sympathetic  by  (fray  rami  communicantes,  as  already  described  ; 
c  raini  communicantes  pass  usually  from  the  third  and  usually   also  from  the 
fourth  sacral  nerves  to  join  the  pelvic  plexus  of  the  sympathetic. 

tion  and  Constitution. — The  plexus  is  placed  on  the  back  wall  of  the 
:tween  the  parietal  pelvic  fascia  and  the  pyrilbrmis  muscle.  In  front  of  it 
jelvic  colon,  the  internal  iliac  vessels,  and  the  ureter. 

plexus  is  constituted  by  the  convergences  of  the  nerves  concerned  towards 
r  part  of  the  great  sacro-sciatic  foramen,  and  their  union  to  form  a  broad 
ir  band,  the  apex  of  which  is  continued  through  the  great  sacro-sciatic 
below  the  pyrlformis  muscle  into  the  buttock,  as  the  great  sciatic  nerve, 
e  anterior  and  posterior  surfaces  of  this  triangular  baud  numerous  small 
\  arise,  which  are  distributed  to  the  parts  in  the  neighbourhood  of  the 

the  nerve. 

great  sciatic  nerve  ends  in  the  thigh  )>y  dividing  into  two  large  nerves,  the 
iternal  popliteal),  and  peroneal  (external  popliteal).  In  many  cases  these 
^es  are  distinct  from  their  origin,  and  are  separated  sometimes  by  fibres 
•yriformis  muscle.  In  all  cases  on  removal  of  the  sheath  investing  the 
atic  nerve  the  tibial  and  ))eroneal  nerves  can  be  traced  up  to  the  plexus, 
ich  they  invariably  take  origin  ))y  distinct  and  separate  roots, 
liescending  branch  of  tlie  t'ourtli  lumbar  nerve  (n.  furcalis)  after  emerging 

inner  border  of  the  psoas  muscle  internal  to  tlie  obturator  nerve,  divides 
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behind  the  iliac  vessels  into  anterior  and  posterior  (ventral  and  dorsal)  pait^f 
of  which  joins  a  corresponding  part  of  the  fifth  lumbar  nerve.  The  aili 
primary  division  of  the  fifth  lumbar  nerve  descends  over  the  ala  of  the  BBcnm, 
divides  into  anterior  and  posterior  parts,  which  are  joined  hj  the  coireepondiiigi 
of  the  fourth  lumbar  nerve.  The  two  resulting  trunks  are  sometimes  calledl 
lumbo-sacral  cord.  The  first  and  second  sacral  nerves  pass  almost  horizontalljil 
wards  from  the  anterior  sacral  foramina,  and  divide  in  front  of  the  pyrifomuii 
similar  anterior  and  posterior  parts.  The  third  sacral  nerve  (n.  bigeminus)  Hm 
into  upper  and  lower  parts.  The  lower  part  is  concerned  in  forming  the  pndfl 
plexua  The  upper  part  is  directed  outwards,  and  slightly  upwards,  tom^ 
preceding  nerve,  and  does  not  separate  into  two  parts,  but  remains  undividei 

These  trunks  combine  to  form  the  sciatic  or  sacral  plexus,  and  its  main  ■ 
divisions,  in  the  following  way.  Lying  in  apposition,  and  converging  to  the  kn 
part  of  the  great  sacro-sciatic  foramen,  the  posterior  (dorsal)  trunks  of  Sie  fonrdii 
fifth  lumbar  nerves  (lumbo-sacral  cord),  and  of  the  first  and  second  sacral  un 
combine  to  form  the  peroneal  nerve  and  the  subordinate  nerves  which  arise  fronl 
posterior  aspect  of  the  plexus.  The  anterior  (ventral)  trunks  of  the  fourth  and  i 
lumbar  nerves  (lumbo-sacral  cord),  and  of  the  first  and  second  sacral  nerves,  togri 
with  that  part  of  the  third  sacral  nerve  which  is  contributed  to  the  plexus,  oniti 
form  the  tibial  nerve  and  the  subordinate  nerves  arising  from  the  front  of  thepla 
Of  these  nerves  the  fifth  lumbar  and  first  sacral  are  the  largest;  theod 
diminishing  in  size  as  they  are  traced  upwards  and  downwarda  There  ii 
distinct  demarcation  between  the  sacral  and  pudendal  plexuses.  The  second  i 
third  sacral  nerves  (and  in  some  cases  the  first  sacral  also)  are  concerned  in 
formation  of  both  plexuses. 

Branches. — The  nerves  of  distribution  derived  from  the  sacral  plezns 
divided  according  to  their  origin  into  an  anterior  (ventral)  and  a  posterior  (da 
series.     Each  set  comprises  one  of  the  two  essential  terminal  parts — peroneal ; 
tibial  nerves — of  the  great  sciatic,  and  numerous  smaller  collateral  branchea 
Anterior  Branches.  Posterior  Branches. 

Tibial  (internal  popliteal)  nerve  Peroneal  (external  popliteal)  nerve 

Musctdar  branches —  Muscular  branches — 

Nerves  to  hamstring  muscles  Nerves  to  short  head  of  biceps 

„         quadratus  femoris  „         pyriformis 

„         gemelli  Superior  gluteal  nerve 

„         obturator  intemus  luferior  gluteal  nerve 

Articular  branches  (to  hip-joint)  Articular  branches  (to  knee-joint) 

Great  Sciatic  Nkrvb. 

The  great  sciatic  nerve  (n.  ischjadicus). — It  has  already  been  shown 
this  nerve  is  formed.  It  comprises  the  two  main  nerves  of  the  sacral  plexus,  be 
together  by  an  investing  sheath,  which  contains,  in  addition  to  the  peroneal 
tibial  nerves,  a  subordinate  branch  of  each,  the  nerve  to  the  hamstring  mm 
from  the  tibial,  and  the  nerve  to  the  short  head  of  the  biceps  flexor  cruris,  1 
the  peroneal  nerve.  A  thick  band  about  half  an  inch  in  breadth  is  formed, 
sisting  from  within  outwards  of  (1)  nerves  to  the  hamstring  mnsdes,  (2)  t 
(internal  popliteal),  (3)  peroneal  (external  popliteal),  (4)  nerve  to  the  short  head  a 
biceim  mnscle.  The  great  sciatic  nerve  extends  through  the  buttock  and  the  I 
of  the  thigh.  Forming  a  continuation  of  the  sacral  plexus,  it  enters  the  but 
by  passing  through  the  great  sacro-sciatic  foramen,  in  the  interval  between 
pyriformis  and  superior  gemellus.  Concealed  by  the  gluteus  maximus  muse 
passes  downwards  to  the.  thigh,  accompanied  by  the  sciatic  artery,  and  the  ar 
comes  nervi  ischiadici.  It  lies  in  the  hollow  between  the  great  trochanter  of 
femur  and  the  tuberosity  of  the  ischium,  and  enters  the  thigh  beneath  the  fold  ol 
nates  at  the  lower  border  of  the  gluteus  maximus.  At  this  spot  it  is  comparati 
superficial,  lying  in  the  angle  between  the  edge  of  the  gluteus  maximus  above 
externally,  and  the  origins  of  the  hamstring  muscles  internally.  In  the  thig 
is  placed  upon  the  adductor  magnus  beneath  the  hamstring  muscles,  an 
terminates  at  a  variable  point  by  dividing  into  the  tibial  and  peroneal  nerves. 
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[y  stated,  these  two  nerves  may  be  separate  from  their  origins,  and  their 
;tion  may  occur  at  any  point  between  the  great  sacro-sciatic  foramen  and  the 
part  of  the  popliteal  space. 

Thk  Nkkves  of  Distribution  from  the  Sacral  Plexus. 

These  are  divisible  into  two  series — collateral  and  terminal  branches.  Each 
ivision  consists  of  a  series  of  anterior  (ventral)  and  posterior  (dorsal)  trunks. 
M^  Collateral  Branches. — The  anterior  branches  are  (a)  muscular  branches  (to  the 
yaadratus  femoris,  gemelli,  obturator  internus,  and  hamstring  muscles) ;  and  (b) 
^■riiealar  branches  (to  the  hip -joint).  These  nerves  all  arise  from  the  anterior 
ct  of  the  sacral  plexus. 

The  nerve  to  the  quadratus  femoris  (and  inferior  gemellus)  arises  from  the 

it  of  the  fourth  and  fifth  lumbar  and  first  sacral  nerves.     It  passes  downwards 

'  the  back  of  the  capsule  of  the  hip-joint  (to  which  it  sends  a  fine  branch)  beneath 

►  sacral  plexus,  gemelli,  and  obturator  internus  muscles.     It  supplies  a  nerve  to 

I  inferior  gemellus,  and  terminates  in  the  deep  surface  of  the  quadratus  femoris. 

The  nenre  to  the  obturator  internus  (and  superior  gemellus)  arises  from  the 

rior  aspect  of  the  fifth  lumbar  and  first  two  sacral  nerves.     In  the  buttock  it 

\  below  the  great  sciatic  nerve  on  the  outer  side  of  the  pudic  vessels ;  crossing 

I  ischial  spine,  it  enters  the  ischio-rectal  fossa  through  the  lesser  sciatic  foramen. 

I  nerve  supplies  in  the  buttock  a  branch  to  the  superior  gemellus,  and  terminates 

'  entering  the  pelvic  surface  of  the  obturator  internus. 

The  nerve  to  the  hamstring  muscles  forms  the  innermost  part  of  the  great 

atic  trunk  in  the  lower  part  of  the  buttock.     It  arises  from  all  the  roots  of  the 

tibial  nerve  on  their  anterior  aspect,  viz.,  from  the  fourth  and  fifth  lumbar  and 

|;:>'tte  first  three  sacral  nerves.     These  roots  unite  to  form  a  cord  which  is  closely 

Er«BOciated  with  the  tibial  nerve  and  is  placed  in  front  of  and  afterwards  on  its 

^'  inner  side.     Extending  into  the  thigh,  the  trunk  is  distributed  to  the  hamstring 

mnacles  by  means  of  two  sets  of  branches.    Just  below  the  level  of  the  ischial 

tuberosity  an  upper  set  of  nerves  passes  inwards  to  enter  the  upper  part  of  the 

Bemi-tendinoBus  and  the  ischial  head  of  the  biceps.     Lower  down  in  the  thigh  the 

remaining  portion  of  the  nerve  separates  off  from  the  great  sciatic  (tibial)  trunk 

and  supplies  branches  to  the  semi-membranosus,  the  lower  part  of  the  semi-tendi- 

no6U8,  and  the  adductor  magnus. 

Articular  branches  for  the  hip-joint  arise  from  the  nerve  to  the  quadratus 
femoris,  and  often  directly  from  the  front  of  the  great  sciatic  (tibial)  nerve  near  its 
origin.  They  enter  the  back  of  the  capsule  of  the  joint  in  the  region  of  the  buttock. 
The  posterior  branches  are :  (a)  muscular  branches,  viz.  a  nerve  to  the  pyriformis, 
the  superior  gluteal  nerve,  the  inferior  gluteal  nerve,  and  a  nerve  to  the  short  head 
of  the  biceps ;  (b)  articular  branches  (to  the  knee-joint). 

These  nerves  all  arise  from  the  posterior  aspect  of  those  roots  of  the  sacral 
I^exus,  which  are  associated  with  the  origin  of  the  peroneal  nerve. 

The  nerve  to  the  pyriformis  muscle  may  be  double.  It  arises  from  the  back 
of  the  second,  or  first  and  second  sacral  nerves,  and  at  once  enters  the  anterior 
surface  of  the  muscle. 

The  superior  gluteal  nerve  (n.  glutanis  superior)  arises  from  tlie  back  of  tlu^ 
fourth  and  fifth  lumbar  and  first  sacral  nerves,  and  is  directed  liaokwards  and 
outwards  into  the  buttock,  above  the  pyriformis  muscle,  along  with  the  gluteal 
artery.  Under  cover  of  the  gluteus  maximus  and  gluteus  uiedius,  it  extends 
outwards  over  the  gluteus  minimus,  along  with  tlie  inferior  ])art  of  the  deep  gluteal 
artery,  to  the  under  surface  of  the  tensor  vaginie  femoris,  in  whicli  it  ends.  On 
its  way  it  supplies  branches  to  tlie  gluteus  niedius  and  gluteus  minimus. 

The  inferior  gluteal  nerve  (n.  glutieus  inferior)  arises  from  the  back  of  the  fifth 
lumbar  and  first  two  sacral  nerves.  It  appears  in  the  butt(K-k  at  the  lower  ])ordt»r 
of  the  pyriformis  muscle,  supertieial  to  the  great  sciatic  nerve,  and  at  once  breaks 
up  into  a  number  of  branches  for  the  supply  of  the  gluteus  maximus.  In  its  course 
in  the  buttock  it  is  closely  associated  with  the  small  sciatic  nerve.  Its  origin  is 
sometimes  combined  with  that  of  the  following  nerve. 

The  nerve  to  the  short  head  of  the  biceps  springs  from  the  outer  side  of  the 
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great  sciatic  (peroneal)  trunk  in  the  upper  part  of  the  thigh.  When  traced  tot 
origin,  it  is  found  to  arine  (sometimes  in  combination  with  the  inferior  gluteal 
from  the  fifth  lumbar  and  tirst  two  sacral  nerves.  In  its  course  it  is  cloidjf 
applied  to  the  outer  side  of  the  peroneal  nerve,  from  which  it  separates  in  the 
middle  tliird  of  tlie  thigh,  usually  in  combination  with  the  articular  branches  oC 
that  nerve  for  the  knee-joint.  In  some  cases  it  has  an  independent  course  in  the 
thigh,  and  it  may  be  associated  in  the  buttock  with  the  inferior  gluteal  nerve. 

An  articular  branch  for  the  outer  side  and  i'ront  of  the  knee-joint  genereUj 
arises  from  tlie  great  sciatic  or  peroneal  nerve  in  common  with  the  nerve  to 
short  head  of  the  biceps.  When  traced  up  to  the  plexus,  it  is  found  to  anse  bm. 
the  back  of  the  fourth  and  lifth  lumbar  and  lirst  sacral  nerves.  It  passes  throng 
the  upper  part  of  the  popliteal  space  concealed  by  the  biceps  muscle,  and  aepaiatn 
iuto  upper  and  lower  branches,  which  accompany  the  upper  and  lower  extenil 
articidar  arteries  to  the  outer  side  of  the  knee-joint. 

Terminal  Branches. — The  peroneal  (external  popliteal)  and  tibiBl  (inteml 
popliteal)  nerves  are  the  two  main  trunks  resulting  from  the  combination  of  the 
posterior  and  anterior  cords  resi^ectively  of  the  sacral  plexus.  The  peroneal  nerve 
is  homologous  with  the  musculo-spiral  nerve  in  the  upper  limb ;  the  tibial  nerve 
represents  a  medio-ulnar  trunk ;  and,  as  already  stated,  the  two  nerves,  constituting 
the  great  sciatic  nerve,  are  enveloped  in  a  common  sheath  for  a  variable  distanoe 
before  pursuing  an  independent  course  in  the  leg. 

Peroneal  Nerve. 

The  peroneal  or  external  popliteal  nerve  (n.  }3eronH3us  communis)  arises  from 
the  back  of  the  sacral  plexus  from  the  fourth  and  tifth  lumbar  and  first  two 
sacral  nervea  Incorporated  with  the  great  sciatic  nerve  in  the  buttock  and 
upper  half  of  the  thigh,  it  passes  downwards  from  the  bifurcation  of  that  nerve 
through  the  popliteal  space,  to  its  termination  at  a  point  about  an  inch  below  the 
he«id  of  the  libula.  It  is  concealed  at  first  by  the  biceps  muscle.  Following 
the  tendon  of  that  muscle,  it  pa-sses  obliquely  through  the  upper  and  outer  part 
of  the  popliteal  space  and  over  the  outer  head  of  the  gastrocnemius  muscle  to  the 
back  of  tlie  head  of  the  iibula.  1  n  the  lower  part  of  its  course  and  at  its  termination 
it  is  directly  beneath  the  deep  fascia. 

Collateral  Branches. — Thene  are  divided  into  two  sets :  (a)  Nerves  arising  from 
the  roots  or  trunk  of  the  nerv^e  while  it  is  in  combination  with  the  tibial  nerve  in 
tlie  great  sciatic  trunk.  These  have  been  already  described,  viz.  a  muscular  haank 
to  the  short  head  of  the  biceps,  and  an  articular  branch  to  the  knee-joint.  (6)  Nenrei 
arisiuj^  in  the  i)opliteiil  8j)ace.  These  are  cutaneous  branches,  viz.  a  sural  branch  and 
tlie  i>erone<il  communicating. 

Tlie  sural  branch  (u.  cuUmeus  sura3  lateralis)  is  irregular  in  size  and  distribution, 
and  may  be  rei)resented  by  two  or  more  branches  (Fig.  507,  j).  645).  Arising  from 
the  peroneal  nerve  in  the  popliteal  space,  often  in  common  with  the  succeeding 
nerve,  it  ])ierces  the  dei»p  fascia  over  the  outer  head  of  the  gastrocnemius,  and  is 
distributed  to  the  skin  on  the  outer  aspect  of  the  back  ot*  the  leg  in  the  uppff 
two-thirds.  The  extent  of  its  distribution  varies  with  that  of  the  small  scLitic 
and  external  saphenous  nerves. 

The  peroneal  communicating  nerve  (r.  anastomoticus  perona^us,  r.  communicanfl 
fibularis),  arising  in  the  popliteal  space,  i)asses  over  the  outer  heiid  of  the  gastro- 
cnemius beneath  the  deep  fascia  to  the  middle  third  of  the  leg,  where  it  assists  in 
forming  the  external  sjiphenous  nerve  by  its  union  with  the  tibial  communicating 
branch  of  the  tibial  nerve.  In  many  cases  the  two  branches  do  not  unite.  In  such 
cases  the  i)eroiieal  communicating  nerve  may  be  limited  in  its  distribution  to  the 
skin  of  the  outer  side  of  the  leg,  heel,  and  ankle,  or  it  may  be  distributed  to  the 
area  usually  supplied  by  the  external  saphenous  nerve. 

Terminal  Branches.  —  The  terminal  branches  of  the  peroneal  nerve  are 
n^'urn'nt  tibial,  anterior  tibial,  and  musculo-cutaneous.  They  arise  just  below 
the  head  of  the  libula,  and  are  directed  ftirwards,  diverging  in  their  course, 
beneath  the  peroneus  longus  muscle. 

The  recurrent  tibial  nerve  is  the  smallest  branch.     Passing  forwards  beneath 
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in  of  the  peroneus  longus  and  the  extensor  longus  digitorum  muscles,  it 
below  the  outer  tuberosity  of  the  tibia  into  branches  which  supply  the  upper 
'  the  tibialiB  anticus  muscle,  the  tibio-fibular  articulation,  and  the  knee-joint. 

Antbrior  Tibial  Nerve. 

anterior  tibial  nerve  (n.  peronseus  profundus)  passes  downwards  and  iii- 
eneath  the  peroneus  longus,  extensor  longus  digitorum,  and  extensor  proprius 
muscles,  to  the  front  of  the  leg.  In  its  course  down  the  leg  it  is  deeply 
ipon  the  interosseous  membrane  and  the  lower  part  of  the  tibia,  in  company 
3  anterior  tibial  artery.  At  the  ankle  it  lies  beneath  the  anterior  annular 
t  and  the  tendon  of  the  extensor  proprius  hallucis,  and  crossing  over  the 
int,  it  divides  on  the  dorsum  of  the  foot  into  its  terminal  branches. 
oUateral  Branches  (in  the  leg). — These  are  given  off  to  the  muscles  between 
iie  anterior  tibial  nerve  passes :  tibialis  anticus,  extensor  proprius  hallucis, 
'  longus  digitorum,  and  peroneus  tertius.  A  fine  articular  branch  supplies 
le-joint.  " 

erminal  Branches  (on  the  foot). — The  terminal  branches  are  internal  and 
.  The  internal  branch  passes  along  the  dorsum  of  the  foot  on  the  outer 
he  dorsalis  pedis  artery  to  the  first  interosseous  space,  where  it  divides  into 
sal  digital  branches  for  the  supply  of  the  skin  of  the  outer  side  of  the  great 

the  inner  side  of  the  second  toe.     Each  of  these  

3  communicates  with  branches  of  the  musculo- 
as  nerve.      It  gives  off  one  or   two  dorsal   inter- 

branches,  which  supply  the  inner  tarso-metatarsal 
tatarso-phalangeal  articulations,  and  also  enter  the 
sal  interosseous  muscle. 

external  branch  passes  outwards  over  the   tarsus 

the  extensor  brevis  digitorum,  and  ends  in  a 
rm  enlargement  (similar  to  the  gangliform  enlarge- 

the  posterior  interosseous  nerve  at  the  back  of  the 

From  this  enlargement  muscular  branches  arise 
mpply  of  the  extensor  brevis  digitorimi,  along  with 
\  for  the  tarsal,  tarso-metatarsal,  and  metatarso- 
3al  articulations.  Its  dorsal  interosseous  branches 
IS  many  as  four  in  number.  Of  these  the  outer  two, 
ly  small,  may  only  reach  the  tarso-metatarsal 
ions.  The  inner  two  are  fine  branches,  which, 
supplying  the  articulations,  may  give  branches  to 
nd  and  third  dorsal  interosseous  muscles. 

branches  from  the  anterior  tibial  nerve  to  the 
ous  muscles  are  probably  sensory,  the  motor  supply 

muscles  being  certainly  derived  from  the  external 
lerve. 

MUSCULO-CUTANEOUS    NeRVE. 


Fio.  508. — Dlstkibt'tion  ok 

C'UTAXEUUS  NkRVKs  ON 
THE  DnKSUM  OK  THK 
F\>(>T. 


musculo-cutaneous  nerve  (n.  peronaeus  super- 
the  last  of  the  branches  of  the  peroneal  nerve, 
)low  the  head  of  the  fibula  and  beneath  the  upper 
the  peroneus  longus  muscle.  Lying  in  a  sheath  in  j,^^  i,,^^.„,,,  saphenous  nerve ; 
rmuscular  septum,  between  the  peronei  externally  m.c,  Musculo  -  cutaneous 
extensor  longus  digitorum  internally,  it  proceeds 
•ds  in  front  of  the  fibula  to  the  lower  third  of 
where  it  pierces  the  deep  fascia  in  two  branches, 
and  external. 

)ranchesare:  (ij  collateral  muscular  branches  dis- 
to  the  peroneus  longus  and  ]»eroneus  brevis,  as  the  nerve  lies  in  relation 
muscles ;  (2)  terminal  cutaneous  branches,  internal  and  external. 
internal  terminal  branch  courses  downwards  over  the  anterior  annular  liga- 


nent* ;  A.T,  Anterior  tibial 
nerve ;  E.S,  Externjil  sji- 
phenous  nerve.  Tliu  ex- 
tretiiitieH  of  the  toes  are 
supplied  1)V  the  plantar 
nerves  (I.P,*E.P). 
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meut  of  the  ankle,  and  after  supplying  ofifsets  to  the  lower  third  of  the  leg  and  doa 
of  the  foot,  divides  into  three  branches  (1)  The  internal  branch  auppliee  thei 
of  the  dorsum  of  the  foot  and  the  inner  side  of  the  great  toe,  and  oommiuiiQ 
with  the  internal  saphenous  nerve.  (2)  The  intermediate  branch  passes  to 
interval  between  the  great  toe  and  the  second,  and  divides  into  two  branchee  w) 
communicate  with  the  internal  branch  of  the  anterior  tibial  nerve.  (3) 
external  branch  passes  to  the  interval  between  the  second  and  third  toes, 
divides  into  two  digital  branches  to  supply  the  adjacent  sides  of  these  toea 

The  external  terminal  branch  of  the  nerve  descends  over  the  anterior  aim 
ligament,  and  after  supplying  branches  to  the  lower  part  of  the  leg  and 
dorsum  of  the  foot,  divides  into  two  parts,  internal  and  external,  which,  passm 
the  intervals  between  the  third  and  fourth,  and  fourth  and  fifth  toes  respectii 
divide  into  dorsal  digital  branches  for  the  adjacent  sides  of  these  toes.  T 
branches  communicate  with  ofifsets  of  the  external  saphenous  nerve. 

The  arran^meiit  of  the  cutaneous  branches  of  the  musculo-cutaneous  is  liable  to  conside 
variation.  The  outer  division  of  the  nerve  may  be  increased  in  size,  and  may  supply  the  i 
to  the  adjacent  side.**  of  the  second  and  third  toes ;  or  in  other  cases,  it  may  be  rediioed  in  n. 
which  ca.se  the  external  saphenous  nerve  takes  its  place  on  the  dorsum  of  the  foot,  often  rapp 
as  many  as  two  and  a  half  toes  on  the  outer  side. 

The  cutaneous  nerves  on  the  dorsum  of  the  toes  from  the  anterior  tibial  and  musculo-catt 
nerves  are  much  smaller  tlian  the  corresponding  plantar  digital  nerves.  They  are  reinfore 
the  dorsum  of  the  terminal  phalanges  by  twigs  from  the  j)lantar  nerves,  which  supply  the  t 
the  toes  and  the  nails. 

Tibial  Nerve. 

The  tibial  or  internal  popliteal  nerve  (n.  tibialis)  arises  from  the  froi 
the  sacral  plexus,  usually  from  the  fourth  and  fifth  lumbar  and  first  three  fi 
nerves  (Fig.  511,  p.  656).  It  is  incorporated  in  the  great  sciatic  trunk  ii 
buttock  and  upper  part  of  the  thigh.  At  the  bifurcation  of  the  great  sciatic  i 
it  passes  onwards  through  the  popliteal  space  and  the  back  of  the  leg.  The 
of  the  nerve  from  its  origin  from  the  plexus  or  the  bifurcation  of  the  great  a 
nerve  to  the  lower  border  of  the  popliteus  muscle,  is  sometimes  called  inl 
popliteal;  the  part  of  the  nerve  in  the  back  of  the  leg  being  then  desigi 
posterior  tibial.  The  course  of  the  nerve  through  the  buttock  and  thigh  has  id: 
been  described  (p.  648).  In  the  popliteal  space  it  is  concealed  at  first  b; 
semi-mem branosus  and  other  hamstring  muscles.  It  crosses  the  popliteal  v 
from  without  inwards,  and  is  thereafter  found  upon  the  popliteus  muscle,  i 
cover  of  the  gastrocnemius  and  plantaris.  In  the  back  of  the  leg,  from  the 
border  of  the  popliteus  muscle  to  the  ankle,  the  tibial  (or  posterior  tibial) : 
lies  on  the  tibialis  posticus  muscle  and  the  tibia,  and,  along  with  the  posi 
tibial  vessels,  occupies  a  sheath  in  the  intermuscular  septum  separating  the  s 
ficial  and  deep  muscles  of  the  back  of  the  leg.  In  the  upper  part  of  the  le{ 
nerve  is  internal  to  the  vessels,  but,  crossing  over  them,  it  lies  on  their  outei 
in  the  lower  portion  of  its  course.  It  terminates  beneath  the  internal  an 
ligament  by  dividing  into  the  external  and  internal  plantar  nerves. 

The  collateral  branches  may  be  divided  into  three  series  arising  respect 
in  the  region  of  the  thigh,  the  popliteal  space,  and  the  back  of  the  leg : — 

(a)  Branches  arising  from  the  Roots  or  Trunk  of  the  Nerve  while  it  is  i 
porated  with  the  Great  Sciatic  Nerve. — These  have  been  already  described 
muscular  branches  to  the  quadratus  femoris,  gemelli,  obturator  internus,  an< 
hamstring  muscles,  and  an  articular  branch  to  the  hip-joint  (Fig.  511,  p.  656). 

(b)  Branches  arising  in  the  Popliteal  Space  above  the  Knee- Joint — Thee 
in  three  sets — articular,  muscular,  cutaneous. 

1.  The  articular  branches  are  slender  nerves,  variable  in  number.  Thei 
usually  two,  an  azygos  branch  which  pierces  the  posterior  ligament  of  the 
joint,  and  an  internal  branch,  a  long  fine  nerve  which,  crossing  the  popliteal  v 
descends  on  the  inner  side  of  the  space  to  accompany  the  lower  internal  art 
artery  to  the  knee-joint.  In  its  course  it  gives  off  a  branch,  often  absent, ' 
accompanies  the  upper  internal  articular  artery. 

2.  The  muscular  branches  are  five  in  numl)er.  Nerves  for  the  two  heads  ( 
gastrocnemius,  and  the  plantaris  enter  these  muscles  at  the  borders  of  the  po] 
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Derve  for  the  soleus  enters  the  superficial  surface  of  the  muscle.  A 
16  popliteus  muscle  passes  over  the  surface  of  that  muscle,  and  after 
ind  its  lower  border,  supplies  it  on  its  deep  (anterior)  surface.  As  this 
;  beneath  the  popliteus  it  supplies  branches 
is  posticus  muscle,  an  interosseous  branch 
rosaeous  membrane,  which  can  be  traced  as 
:>wer  tibio-fibular  articulation,  an  articular 
be  upper  tibio-fibular  joint,  and  a  medullary 
he  sluif  t  of  the  tibia. 

utaneous  branch  is  the  tibial  communicating 
3ommunicans  tibialis,  n.  cutaneus  surse 
This  nerve  passes  from  the  popliteal  space 
ve  between  the  two  heads  of  the  gastro- 
iscle,  and  afterwards  lies  upon  the  tendo 
i  pierces  the  deep  fascia  in  the  middle  third 
k  of  the  leg,  and  is  joined  immediately 
by  the  peroneal  communicating  nerve 
peroneal   nerve.      From   their  union    the 

abort  saphenouB  nenre  results,  which 
3  foot,  winding  round  the  back  of  the 
illeolus  along  with  the  external  saphenous 
external  saphenous  nerve  supplies  cuta- 
3hes  to   the  outer  side  and  back  of  the 

of  the  leg,  the  ankle  and  heel,  and  the 
)f  the  foot  and  little  toe,  as  well  as  ar- 
ches to  the  ankle  and  tarsEil  joints. 

imal  saphenous  nerve  communicates  on  the 
e  musculo-cutaneous  nerve,  and  its  size  varies 
3  of  tliat  nerve.  It  may  extend  on  to  the 
le  foot  for  a  considerable  distance,  and  may 
rce  or  replace  the  branches  of  the  musculo- 
rve  to  the  intervals  between  the  fourth  and 
}  third  and  fourth  toes.  The  mode  of  forma- 
Ltenial  saphenous  nerve  is  very  variable.  The 
^emeut  is  that  described.  Frequently  the 
[  tibial  communicating  nerves  do  not  unite, 
cases  the  more  usual  arrangement  is  for  the 
imicating  nerve  to  form  alone  the  external 
erve,  the  peroneal  communicating  nerve  ex- 
to  the  ankle  and  heel.  It  is  less  usual  for 
communicating  nerve  to  form  alone  the  ex- 
lous  nerve,  the  tibial  communicating  nerve  in 
nding  at  the  heel. 

icJies  arising  in  the  Back  of  the  Leg  below 

int,— These  branches  are  mainly  muscular  on"  the  one  side  the  distribution  of 

•us.  the  several  nerves  is  represented, 

scalar   branches    are  four   in    number,   com-        ^^'®  letters  indicating  their  nomen- 

es  to  the  soleus  (entering  its  deep  surface)      ^  *^"^^* 

posticus  often  arising  by  a  common  trunk,  ''■^^^^'•^•f^^Zr^^ 

to  the  flexor  longus  digitorum  and  flexor      serves;  i.H,iiio-hypogastric;T.  12, 

UCis,    the     latter     generally    accompanying        Lateral  and  posterior  branches  of 

I  artery  for  some  distance.  rrr^^rn^t^lc^Ar 

neons  branch  is  the  internal  calcanean  nerve 
i  mediales),  which  pierces  the  internal 
ament,  and  is  distributed  to  the  skin  of 
1  back  part  of  the  sole  of  the  foot. 


Fio.  609. — Distribution  of  Cuta- 
neous Nerves  on  the  Back  of 
THE  Lower  Limb. 


terior  sacro-coccygeal  nerve ;  Pbrf, 
Perforating  cutaneous  nerve  ;  S.Sc, 
Small  sciatic  ;  E.C,  External  cuta- 
neous ;  Obt,  Obturator  ;  I.C,  In- 
ternal cutaneous  ;  E.P.S,  Sural 
branches  of  peroneal  ;  I. S,  internal 
Calc,  Calcanean  branch  of  posterior 


us  ;  E.S,  External  saphenous  ;  M.C,  Musculo-cutaneous 

.P,  Internal  plantar;  E.P,  External  plantar  nerve. 

le  a  schematic  representation  is  given  of  tlie  areas  supplied  by  the  above  nerves,  the  figures 

g  the  spinal  origin  of  the  branrhes  of  distribution  to  each  area. 
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In  addition  a  medullary  nerve  to  the  fibula,  and  a  small  articular  bno 
the  ankle-joint,  are  supplied  by  the  posterior  tibial  nerve. 

The  terminal  branches  of  the  tibial  nerve  are  the  internal  and  ez 
plantar  nerves. 

Internal  Plantar  Nerve. 

The  internal  plantar  nerve  (n.  plantaris  medialis)  is  homologous  wit 
median  nerve  in  the  hand  (Fig.  510,  p.  654).  It  is  rather  larger  than  theex 
plantar.  It  courses  forwards  in  the  sole  of  the  foot  beneath  the  internal  ai 
ligament  and  abductor  hallucis  to  the  interval  l)etween  that  muscle  and  the 
brevis  digitorum,  in  company  with  the  internal  plantar  artery. 

The  collateral  branches  are  muscular,  cutaneous,  and  articular.  The  m« 
branches  supply  the  abductor  hallucis  and  the  flexor  brevis  digitorum.  The  p 
cutaneous  branches  are  small  twigs  which  pierce  the  plantar  fascia  in  the  ii 
between  these  muscles  to  supply  the  inner  part  of  the  sole  of  the  foot.  Th 
cviar  branches  are  minute  twigs  which  supply  the  inner  tarsal  and  tarso-mett 
articulations. 

The  terminal  branches  are  four  in  number,  and  may  be  designate 
second,  third,  and  fourth,  from  within  outwards. 

The  first  (most  internal)  branch  separates  from  the  nerve  before  the 
and  pierces  the  plantar  fascia  behind  the  ball  of  tb 
toe.  It  supplies  a  muscular  branch  to  the  flexor 
hallucis,  and  cutaneous  branches  to  the  inner  side 
foot  and  ball  of  the  great  toe.  It  terminates 
plantar  digital  nerve  for  the  inner  side  of  the  great 
The  second  branch  arises  along  with  the  thi 
fourth;  after  supplying  a  branch  to  the  first  lui 
muscle,  it  becomes  superficial  in  the  interval  betwi 
first  and  second  toes,  and  terminates  by  dividing  ii 
collateral  digital  nerves  for  the  supply  of  the  adjacei 
of  these  toes. 

The  third  and  fourth  branches  are  entirely  cutan 
their  distribution.  They  become  superficial  in  the  ir 
between  the  second  and  third  and  the  third  and 
toes  respectively,  and  there  divide  into  collateral 
branches  for  the  supply  of  the  adjacent  sides  of  the 
The  plantar  digital  nerves  supply  the  whole  lei 
the  toes  on  the  plantar  aspect,  and,  in  relation 
terminal  phalanges,  furnish  minute  dorsal  ofifsets 
supply  of  the  nails  and  tips  of  tlie  toes  on  theii 
surface.  The  internal  plantar  nerve  thus  supplies  t 
of  the  three  and  a  half  inner  toes  in  the  sole  of  tl 
and  four  muscles : — the  abductor  hallucis  and  flexo: 
digitorum,  the  flexor  brevis  hallucis,  and  the  first  lui 
muscle. 

External  Plantar  Nerve. 


Fic;.  510.— Scheme  OF  DiSTRi- 

Bl'TION     OP      THE     PLANTAR 

Nerves. 

LPl,  Internal  plantar  nen'e,  and 
its  cutaneous  and  muscular 
branches;  F.B.D,  filexor 
brevis  digitorum  ;  AM.H, 
Abductor  hallucis;  F.B.H, 
Flexor  brevis  hallucis  ;  L.l, 
First  lumbricalis  ;  E.Pl,  Ex- 
ternal plantar  nerve,  and  its 
cutaneous  and  muscular 
branches  ;  Ace,  Accessorius  ; 
Abd.m.d,    Abductor   minimi 


The  external  plantar  nerve  (n.  plantaris  la 
is  homologous  with  the  ulnar  nerve  in  the  hand, 
its  origin  beneath  the  internal  annular  ligan 
extends  forwards  and  outwards  in  the  sole,  in  c( 
with  the  external  plantar  artery,  l)etween  the  flexoi 
digiti;F.B.M.D,  Flexor  brevis    digitorum  and  accessorius  muscles,  towards  the  1 

"rofund'^'^*^^ '  ^'^''  ^"'"''    ^^®  ^^^^  metatarsal  bone.     Here  it  terminates  by  d 

pro  un  us.  .^^^  Superficial  and  deep  ])rauches. 

Collateral  Branches. — Muscxtlar  branches  are  given  off  from  the  undivide 

to   the   accessorius   and   abductor   minimi   digiti    muscles.      Cutaneous  I 

pierce  the  plantar  fascia  at  intervals  along  the  line  of  the  intermuscular  i 

between  the  flexor  brevis  digitorum  and  a}>ductor  minimi  digiti. 

Terminal  Branches. — The  superficial  branch  (r.  superficialis)  is  mainly  cut 
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ng  forwards  between  the  flexor  brevis  digitorum  and  abductor  minimi  digiti, 
irides  into  external  and  internal  parts. 

lie  external  branch,  after  supplying  the  flexor  brevis  minimi  digiti  muscle,  and 
times  one  or  both  interossei  of  the  fourth  space,  becomes  superficial  behind 
)all  of  the  little  toe,  and  supplies  cutaneous  twigs  to  the  sole  of  the  foot  and  ball 
e  toe.  It  terminates  as  the  digital  branch  for  the  outer  aide  of  the  little  toe. 
lie  internal  branch  passes  forwards  to  the  interval  between  the  fourth  and  fifth 
where  it  becomes  cutaneous,  and  divides  into  two  collateral  digital  branches  for 
tupply  of  the  adjswent  sides  of  these  toes.  It  communicates  with  the  fourth 
inal  branch  of  the  internal  plantar  nerve. 

lie  deep  branch  (r.  profundus)  of  the  external  plantar  nerve,  passing  deeply 
g  with  the  external  plantar  artery,  extends  inwards  towards  the  great  toe, 
ath  the  accessorius  and  adductor  obliquus  hallucis.  It  gives  off  articular 
ches  to  the  tarsal  and  tarso-metatarsal  articulations,  and  muscular  branches 
tie  interossei  of  each  space  (except  in  some  cases  the  muscles  of  the  fourth 
8) :  to  the  adductor  obliquus  and  adductor  transversus  hallucis,  and  the  outer 
I  lumbrical  muscles.  These  nerves  enter  the  deep  surface  of  the  muscles,  that 
tie  second  lumbrical  reaching  its  muscle  after  passing  forwards  beneath  the 
ctor  transversus  hallucis. 

THE  PUDENDAL  PLEXUS. 


'he  pudendal  plexus  constitutes  the  third  and  last  subdivision  of  the  lumbo- 
l1  plexus.  It  is  composed  for  the  most  part  of  the  spinal  nerves  below  those 
h  form  the  sacral  plexus ;  but,  as  already  stated,  there  is  no  distinct  point  of 
ration  between  the  two  plexuses.  On  the  contrary,  there  is  considerable  over- 
Lng,  so  that  two  and  sometimes  three  of  the  principal  nerves  derived  from  the 
indal  plexus  have  their  origin  in  common  with  nerves  of  the  sacral  plexus. 
rhe  plexus  is  formed  by  fibres  from  the  anterior  primary  divisions  of  the  firat 
3  sacral  nerves,  and  by  the  whole  of  the  anterior  primary  divisions  of  the  fourth 
fifth  sacral  and  coccygeal  nerves.  The  size  of  the  nerves  diminishes  rapidly 
L  the  first  sacral  to  the  coccygeal,  which  is  extremely  slender. 
Position  and  Constitution. — The  plexus  is  formed  on  the  back  wall  of  the 
is.  Of  the  nerves  forming  it,  the  upper  ones  emerge  from  the  anterior  sacral 
mina ;  the  fifth  sacral  nerve  appears  between  the  last  sacral  and  first  coccygeal 
^bra;  and  the  coccygeal  nerve  appears  below  the  transverse  process  of  that 
ebra.     The  nerves  of  distribution  derived  from  the  plexus  are  the  following : — 

1.  Visceral  branches.  \.   Pudic  nerve. 

2.  Small  sciatic  nerve.  5.  Muscular  branches. 

3.  Perforating  cutaneous  nerve.  6.  Sacro-coccygeal  nerve. 

Dmitting  the  visceral  branches,  all  the  nerves  are  distributed  to  the  perineum. 
)^  two,  the  small  sciatic  and  perforating  cutaneous  nerves,  send  branches  to  tlie 
jr  limb. 

\risceral  Branches. — like  the  other  spinal  nerves,  the  fourth  and  fifth  sacral 
coccygeal  nerves  are  provided  with  fine  gray  rami  communicantes  from 
Siicral  gangliated  cord,  wliich  joins  them  after  a  short  course  on  the  front  of 
sacrum.  The  third  (along  with  the  second  or  fourth)  sacral  nerve  in  addition 
Is  a  considerable  ivhite  ramus  communicans  or  visceral  branch  inwards  to  the 
ic  plexus  and  viscera. 

Small  Sciatic  Nerve  (u.  cutaneus  fenioris  ])Osterior). — This  nerve  is  complex 
1  in  origin  and  distribution  fFig.  511,  p.  656).  Springing  from  the,  junction  of 
sacral  and  pudendal  plexuses,  it  is  derived  from  tlie  first  three  or  second  and 
xl  sacral  nerves.  It  is  distributed  to  the  lower  limb  and  perineum,  and  is 
)ciated  with  other  nerves  belonging  to  both  regions.  It  arises  from  the  back  of 
roots  of  the  sacral  plexus  in  the  pelvis.  Its  higher  roots  from  the  first  and 
)nd  sacral  nerves  are  intimately  associated  with  tlie  origin  of  tlie  inferior  gluteal 
ve;  its  lowest  mot  from  the  third  sacral  nerve  is  associated  with  the  origins  of 
].Kjrforating  cutaneous  or  pudic  nerve.  It  enters  the  butt(Xjk  through  the  great 
itic  notch  below  the  pyriformis,  along  with  the  sciatic  artery  and  inferior  gluteal 
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nerve.  Proceeding  downwards  behind  the  great  sciatic  nerve,  it  enters  tibe 
at  the  lower  border  of  the  gluteus  maximus  muscle,  where  it  gives  off  consk 
branches.     Becoming  gradually  smaller  as  it  courses  downwards  over  the  han 


Fig.  511.- 


-Nerves  of  the  Lumbo-Sachal  Plexus. 


Sy,  Sympathetic  cord  ;  T.12,  L.1,  2,3,  4,  5,  S.l,  2,  3,  4,  5,  Co,  Anterior  primary  divisions  of  tlie  last 
the  lumbar,  sacral,  and  coccygeal  nerves  ;  Q,  Nerves  to  qiiadratus  lumbonfin  ;  Ps,  Nerves 
muscle  ;  G.C,  Genito-cniral  nerve  ;  II,  Iliac  branches  of  last  thoracic  and  ilio-hypogastric  nei 
Hypograstic  branch  of  ilio-hypogastric  nerve  ;  I.I,  Ilio-in^uinal  nerve  ;  E.C,  External  cntaneo 
A.C,  Anterior  crural  nerve  ;  Obt,  Obturator  nerve  ;  Py,  Nerves  to  pyriformis  muscle  ;  O.  I, 
obturator  intemus  ;  Q.F,  Nerve  to  quadratus  fenioris  muscle  ;  Art,  Articular  branch  ;  S.G, 
gluteal  nerve  ;  I.G.  Inferior  gluteal  nerve  ;  P,  Peroneal  nerve  ;  Bi.2,  Nerve  to  short  head  of  bicep 
T,  Tibial  nerve  ;  Art,  Articular  branch  ;  H.S,  Nerve  to  tlie  hamstring  muscles  ;  Bi.l,  Nerves 
(long  head),  and  St.l,  to  semi-tendinosus  ;  St.2,  irJemi-tendiuosus  ;  Sm,  Semi-membranosi 
Adductor  lua^ us  ;  S.Sc,  Small  sciatic  nerve  ;  Veil,  P<iTloTvv\\\\^  ev\\a?ci^wv^  t^^t^^^  \  Va^'^x^.e 
M,  Muscular  branches  ;  Per,  Perineal  br&ncYi  of  1omt\.>\  satxaX  •,  K.^o,  K\s\.«nftx  «M:.v>>t»y»s^^ 
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fldes  to  the  popliteal  space,  it  finally  pierces  the  popliteal  fascia  in  one  or  more 
•iieous  branches,  which  supply  the  skin  over  the  calf  of  the  leg  for  a  variable 
teice  (Fig.  509,  p.  653). 

Branche& — The  small  sciatic  is  a  purely  cutaneous  nerve.  It  supplies  branches 
the  perineum,  buttock,  thigh,  and  leg. 

The  perineal  branch  (rr.  perinseales;  inferior  pudendal  nerve;  long  scrotal 
Te)  arises  from  the  small  sciatic  nerve  at  the  lower  border  of  the  gluteus 
ximus  muscle  (Fig.  512,  p.  658).  It  sweeps  inwards  towards  the  perineum, 
ag  on  the  origin  of  the  hamstring  muscles  below  the  ischial  tuberosity,  and 
omes  subcutaneous  after  passing  over  the  pubic  arch.  Its  terminal  branches 
rply  the  skin  of  the  scrotum  and  root  of  the  penis,  or  in  the  female  the  labium 
jus  and  clitoris,  some  of  them  being  directed  backwards  towards  the  anus  and 
tral  point  of  the  perineum.  They  communicate  with  the  inferior  hsemorrhoidal 
1  perineal  branches  of  the  pudic  nerve,  and  with  the  ilio-inguinal  nerve.  In  its 
irscj  to  the  perineum  the  nerve  gives  off  collateral  branches  to  the  skin  of  the 
per  and  inner  part  of  the  thigh. 

The  gluteal  branches  (rr.  climium  inferiores)  are  large  and  numerous  (Fig. 
),  p.  653).  They  arise  from  the  small  sciatic  nerve  beneath  the  gluteus 
ximus,  and  become  subcutaneous  by  piercing  the  fascia  lata  at  different  points 
ng  its  lower  border.  They  supply  the  skin  of  the  lower  half  of  the  buttock. 
e  outermost  branches,  reaching  to  the  back  of  the  great  trochanter,  overlap  the 
minal  filaments  of  the  gluteal  branches  of  the  external  cutaneous  nerve,  and  the 
sterior  primary  divisions  of  the  first  three  lumbar  nerves.  The  innermost  branches, 
ich  may  pierce  the  great  sacro-sciatic  ligament,  reach  nearly  to  the  coccyx,  and 
?  co-tenninous  in  their  distribution  with  the  branches  of  the  perforating  cutaneous 
rve,  which  they  reinforce  and  not  infrequently  replace. 

The  femoral  branches  are  divisible  into  two  sets — internal  and  external.  They 
jrce  the  fascia  lata  of  the  thigh  at  intervals,  and  supply  the  skin  of  the  back  of 
e  thigh  on  its  inner  and  outer  sides  respectively. 

The  sural  branches  are  two  or  more  slender  nerves  which  pierce  the  fascia 
er  the  popliteal  space,  and  are  distributed  for  a  variable  extent  to  the  skin  of 
le  back  of  the  leg.  They  may  stop  short  over  the  popliteal  space,  or  may  extend 
i  far  as  the  ankle.  Usually  they  innervate  the  skin  as  far  as  the  middle  of  the 
df.     They  communicate  with  the  external  saphenous  nerve. 

In  L-ai*e»  where  the  great  sciatic  nerve  is  naturally  divided  at  its  origin  into  tibial  (iiit<^mal 
[ipliteal)  and  peroneal  (external  popliteal)  nerves  (e.g.  by  the  jiyriforniis  muscle),  the  small 
iatic  \wTve  is  aLso  separated  into  two  parts :  a  dorsal  part,  associated  with  the  peroneal  nerve 
ad  aririiug  in  common  with  the  lower  roots  of  the  inferior  gluteal  nerve  (usually  from  the  first 
od  ?ecr)nd  sacral  nerves),  and  comprising  the  gluteal  and  external  femoral  branches  ;  and  a 
antral  part,  associated  with  the  tibial  nerve  and  arising  usually  from  the  second  and  third 
wral  nerves,  along  with  the  perforating  cutaneous  and  pudic  nerves,  and  comprising  the 
^riiieal  and  internal  femoral  branches. 

Perforating  Cutaneous  Nerve  (n.  perforans  ligamenti  tuberose  -  sacri 
Schwalbe),  n.  cutaneus  clunium  inferior  medialis  (Eisler)). — This  nerve  arises 
r(»m  the  l^ack  of  the  second  and  third  sficral  nerves  (¥v^.  512,  p.  658).  At  its 
>rigin  it  is  associated  with  the  lower  roots  of  the  small  sciatic  nerve.  Passing  down- 
«ranls  it  pierces  the  great  sacro-sciatic  Ugameut,  along  with  the  coccygeal  branch 
jf  the  sciatic  artery;  and  after  winding  round  the  lower  border  of  tho  gluteus 
niaxiinus  muscle,  or  in  some  cases  piercing  its  lower  fibres,  it  l)ec()mes  sul)cutaneoiis 
a  little  distance  from  the  coccyx,  and  supplies  the  skin  over  the  lower  part  of  the 
imttock  and  the  inner  part  of  the  fold  of  the  nates. 

The  wrforating  cutaneous  nerve  is  not  always  present.  In  a  minority  of  cases  it  is  associated 
at  iu  origin  with  the  pudic  nerve.  When  absent  fis  a  separate  nerve,  its  place  is  taken  by  (1) 
plmeal  branches  of  the  small  sciatic  nerve,  or  (2)  a  branch  from  the  ]mdic  nerve,  or  (3)  a  small 
nt-rve  (n.  perforans  coccygeus  major,  Eisler),  arising  separately  from  the  back  of  tiie  thii'd  and 
fyQrtli  sacral  nerves. 

Muscular  Branches. — Between  the  third  and  fourth  sacral  nerves  (occasion- 
ally reinforced  by  the  second,  Eisler)  a  plexiform  loop  is  formed,  from  which 
mracuhr  nerves  are  given  off  to  the  levator  iini  (supplying  the  nwiscXe  ow '\\»^  \^vJvn\q. 
5K&»^  coccygeuB,  and  externnl  sphincter.     The  nerve  to  the  ex\AiT\ia\  ^v>^m<^\.«t 
4d 
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{perineal  branch  of  fourth  sacral)  pierces  the  great  sacro-sciatic  ligament  and  I 
coccygeus  muscle,  to  which  it  gives  otteets,  and  appears  in  the  ischio-rectal 
between  the  gluteus  niaximus  and  the  external  sphincter.  Besides  supplying  ( 
posterior  fibres  of  the  external  sphincter,  it  distributes  cutaneous  ofiTsetd  to  theT 
of  the  ischio-rectal  fossa  and  the  fold  of  the  nates  Ijehind  the  anu&  This  i 
replaces  in  some  instances  the  perforating  cutaneous  nerve. 

Anterior  Sacro-coccygeal  Nerves  (nn.  ano-coccygei). — By  the  union  of  | 
remaining  part  of  the  fourth   with   the  fifth  sacral   and  coccygeal  nerves,  j 
so-called  coccygeal  plexus  is  formed.     A  fine  descending   branch  of  the  fa 
s:\cral  nerve  passes  over  or  through  the  great  sacro-sciatic  ligament,  to  join  1 
fifth  Siicral  nerve.     This  fifth  sacral  nerve,  joined  by  the  descending  brandil 
the  fourtli,  descends  alongside  the  coccyx  and  is  again  joined  by  the 
nerve,  so  that  a  plexiform  cord  results,  homologous  with  the  inferior  caudal  \ 
of  tailed  animals.     Fine  twigs  arise  from  it,  which  pierce  the  sacro-sciatic  l\i 
and  supply  the  skin  in  the  neighbourhood  of  the  coccyx,  internal  to  the  perfonti 
cutaneous  nerves  and  behind  the  anus. 


The  Pudic  Nerve. 

The  pudic  nerve  (n.  pudendus)  is  the  principal  nerve  for  the  supply  of  Ai 
perineum.     It  arises  in  the  pelvis  usually  by  three  roots  from  the  second,  third,  aii 
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Fi(i.  512.— Thk  Muscles  aud  Nerves  of  the  M.vlk  Pbbinkum. 

fourtli  sacral  nerves  (Fig.  511,  p.  056).  (Frequently  one  of  its  branches,  the  inferi( 
htumurrhuidal  nerve,  arises  independently  from  the  third  and  fourth  sacral  nervw 
The  nerve  passes  to  the  butt<ick  througli  tlie  greiit  sacro-sciatic  foramen  below  tl 
great  sciatic  nerve,  and  lies  on  the  lesser  sacro-sciatic  ligament,  or  the  spine  of  tl 
iscliium,  inttTual  to  tlie  internal  pudic  artery.  It  enters  the  perineum  along  wil 
the  pudic  artery  through  the  small  sacro-sciatic  fommen.  In  the  perineum  it 
deeply  pla('ed  in  the  ouUt  wall  of  the  ischio-rectal  fossa,  eucloscci  in  a  speci 
sheath  derived  from  the  paiietiil  |)elvic  fascia  covering  the  inner  suiiace  of  i 
obturator  internus  muscle.  At  the  anterior  limit  of  the  ischio-rectal  fossa,  t 
nerve  approaches  the  surface  and  divides  at  the  base  of  the  triangular  ligame 
into  its  terminal  branches,  the  perineal  nerve  and  the  dorsal  nerve  of  the  peni& 
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ranches  of  the  pudic  nerve  are  essentially  the  same  in  the  two  sexes.  As 
branches  are  given  off  till  the  nerve  enters  the  perineum,  but  sometimes 
or  hflsmorrhoidal  nerve  has  an  independent  origin  from  the  plexus,  merely 
ying  the  pudic  nerve  in  the  first  part  of  its  course ;  and  in  exceptional 
perforating  cutaneous  nerve  of  the  buttock  is  a  branch  of  the  pudic  nerve. 
iTerior  hsemorrhoidal  nerve  (n.  hsemorrhoidalis  inferior)  arises  from  the 
•ve  under  cover  of  the  gluteus  maximus,  at  the  posterior  part  of  the 
tal  fossa.  In  cases  in  which  it  has  an  independent  origin  from  the  plexus, 
Tom  the  third  and  fourth  sacral  nerves.  It  crosses  the  ischio-rectal  fossa 
ly  with  the  inferior  haemorrhoidal  vessels,  and  separates  into  numerous 
—muscular,  cutaneous,  and  communicating. 

Qgcnlar  branches  end  in  the  external  sphincter  ani  muscle.  The  cutaneous 
supply  the  skin  around  the  anus.  The  cominnnicating  branches  connect 
or  haemorrhoidal  with  three  other  nerves — the  perineal  branches  of  the 
tic,  pudic,  and  fourth  sacral  nerves. 

perineal  nerve  (n.  perineus),  one  of  the  two  terminal  branches  of  the 
ve,  arises  near  the  base  of  the  triangular  ligament.     It  almost  immediately 
to  two  parts,  superficial  and  deep. 
iperflcial  part  is  purely  cutaneous  and  consists  of  two  nerves,  the  posterior 


IE  TO  m^t» 


Bulb  of  penUi 

_^Tr|aiiiJrulBr  lignment 
(autorlor  layer) 


Fig.  513. — The  Triangular  Ligament  of  the  Perineum. 

stl  and  the  anterior  or  internal  superficial  perineal  nerves,  which  pass, 
h  the  superficial  perineal  vessels,  to  the  anterior  part  of  the  perineiiiii. 
rior  or  external  superficial  perineal  nerve,  at  the  anterior  limit  of  the  ischio- 
3a,  usually  passes  over  the  base  of  the  triangular  ligament  and  over  tlie 
as  perinei  muscle.  The  anterior  or  internal  superficial  perineal  nerve,  lying 
;)ly,  pierces  the  base  of  the  triangular  ligament  and  goes  underneath  or 
the  trans  versus  perinei  muscle.  Becoming  superficial  in  tlie  anterior 
)  triangle  of  the  perineum,  they  are  distributed  to  the  skin  of  the  scrotum 
u  ma  jus),  and  communicate  with  the  perineal  branch  of  the  small  sciatic 
I  with  the  inferior  htTuiorrhoidal  nerve. 
ieep  part  of  the  perineal  nerve  is  mainly  but  not  entirely  nmscular. 

forwards  through  the  anterior  part  of  the  ischio-rectal  fossa,  it  ])aHses 
.he  two  layers  of  the  triangular  li^^anient  towards  the  urethra.     It  su}>plies 

branches  to  the  anterior  parts  of  the  levator  ani  and  external  s])liiucter, 
msversus  perinei,  erector  penis  (or  clitoridis),  bulho-cavernosus  (ejaculator 
sphincter  vaginte),  and  compressor  urethrse.  It  terminates  as  the  nerve 
lb,  which,  piercing  tlie  triaiii^nilar  ligament,  enters  the  ))ulb  of  the  urethra 
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and  supplies  the  erectile  tissue  of  the  bulb  aud  corpus  spongiosum,  as  well  i 
mucous  membrane  of  the  urethra  as  far  as  the  glans  penis  (or  elitoridis). 

The  dorsal  nerve  of  the  penis,  the  other  terminal  branch  of  the  pudic  i 
accompanies  the  internal  pudic  artery  beneath  the  superficial  layer  of  the  I 
ligament.     It  passes  forward  close  to  the  pubic  arch,  lying  beneath  the  croii 
erector  penis  (or  elitoridis),  and  triangular  ligament,  and  upon  the  comp 
urethr^e  muscle ;  piercing  the  triangular  ligament  near  its  apex,  at  the  outer  i 
of  the  dorsal  artery  of  the  penis  (or  clitoris),  it  passes  on  to  the  dorsum  of  i 
penis  or  clitoris,  to  which  it  is  distributed  in  its  distal  two-thirds,  sending  I 
round  the  sides  of  the  organ  to  reach  its  under  surface.     In  the  female  the  ne 
much  smaller  than  in  the  male.     The  dorsal  nerve  of  the  penis  supplies  one  1 
the  nerve  to  the  corpus  cavemoBum,  as  it  lies  beneath  the  triangular 
This  is  a  slender  nerve,  which,  piercing  the   triangular  ligament,  supplies 
erectile  tissue  of  the  crus  and  corpus  cavernosum. 

Morphology  of  the  Pudendal  Plexus. — The  structures  occupying  the  perineum  are  plied 
in  the  ventral  axis  of  the  body,  and  comprise  from  before  backwards,  the  penis  and  scrotum,  i 
nions  Veneris  and  vulva,  the  central  point  of  the  perineum,  the  anus  and  ischio-rectal  foMa,  ni 
the  coccyx.  They  are  placed  on  the  mesial  side  of  the  attachment  of  the  lower  limbs— the  poi 
or  mons  Veneris  in  relation  to  the  preaxial  border ;  the  coccyx  in  relation  to  the  postaxial  bonk 
of  the  limb. 

The  nerves  of  the  perineum,  thus  reaching  the  ventral  axis  of  the  trunk,  are  homologous  vitl 
the  anterior  (ventral)  terminations  of  other  nerves.     They  are  separated  into  two  series.    Maial 

supplied  through  the  pudendal  plexus  by  the  last  four  saoi 
and  the  coccygeal  nerves,  the  perineum  is  also  innemte 
to  a  minor  extent  by  the  first  lumbar  nerve  through  tk 
ilio-inguinal  nerve,  which  reaches  the  root  of  the  penid  mm 
the  scrotiun.  The  region  is  thus  supplied  by  two  eerie 
of  widely  separated  nerves,  which  have  their  meeting-plao 
on  the  dorsum  and  side  of  the  penis  and  scrotum.  Thi 
junction  of  the  ilio-inguinal  and  pudendal  nerves  constitute 
the  beginning  of  the  ¥entral  axial  area  or  line,  whid 
extends  peripnerally  along  the  inner  side  of  the  lower  limli 
Ajjart  from  this  break  in  their  distribution,  a  definift 
numerical  order  may  be  followed  in  the  arran^ment  of  tbi 
Fig.  514.— 8CHEME  of  the  iunervatiou  perineal  nerves.  The  higher  parts  of  the  perineum  arei» 
of  the  hinder  portion  of  the  trunk  nervated  by  the  higher  spinal  nerves ;  the  lower  parts,  by  iht 
and  of  the  i)erineura,  and  the  in-  lower  nerves.  This  is  best  exemplified  in  the  distribution  o( 
terruption  of  the  segmental  arrange-  the  cutaneous  nerves.  The  base  of  the  penis  and  scpotaa 
ment  of  the  nerves  associated  with  (or  mons  Veneris)  is  supphed  by  the  first  lumbar  nerve  (ilk)- 
the  formation  of  the  limb.  inguinal).     The  dorsal  nerve  of  the  penis  (or  clitoris),  wha 

T.IO,  11,  12,  The  areas  of  distribution    traJced  back  to  the  pudendal  plexus,  is  found  to  come  frm 
of  the  lower  thoracic  nerves  ;  L.1, 2,    the  second,  and  to  a  less  extent  from  the  third  sacral  nerve? ; 

3,  The  i)08terior  primary  divisions  of  the  scrotal  nerves  (perineal  branches  of  the  pudic  and  small 
the  tintt  three  lum>)ar  nerves  ;  L.  1,  sciatic)  similarly  arise  from  the  third,  and  to  a  less  extent 
The  ilio-inguinal  nerve;  S.l,  2,  3,    from  the  second  sacral  nerves ;    the  skin  of  the  ischio-ivrtil 

4,  5,  6.  The  posterior  primary  divi-  fogga  and  anus  is  innervated  by  the  inferior  haemorrhoidil 
sions  of  the  sacral  and  coccygeal  (t^jjjpd  a^j  fourth  sacral  nerves),  and  the  perineal  branch  of 
nerves  (6) ;  S.  3,  2,  S. 3,  2,  Branches  ^j^^  f^^^.^^^  ^^^i  ^^^^^  tj^^  coccygeal  plexus,  lastlv,  pupplia 
of  pudicnerve  to  i)enisand  scrotum;    ,.       ^^.       _,,    .     .,._    ^_.„^    ..  ;:°,,     '^.     ^..y^   ^aoJuA 


ct «-  .  T  r   •    V  x,    1  ^  the  skin  round    the  coccyx   (fourth  and    fifth  sacral  and 

"t'^^^I^^T^Z:^  co<.y^l  nerves)^  Judged  ^^its  nerve  supply  the  perineum 
sacral  nerve  ;  4, 5, 6.  Anterior  sacro-  }8  to  ^e  regarded  as  occupying,  lor  the  most  par t,  a  pofUiflD 
coccygeal  nerve ;  D.A.UDorsal axial  behind  or  more  caudal  than  that  of  the  lower  limb  m  relatirti 
line  ;  V.A.L,  Ventral  axial  line.         to   the   trunk.      There   is   here   a   remarkable   gap  in  tbe 

numerical  sequence  of  the  nerves  supplying  the  ventral  axis 
of  the  Ixxiy.  All  the  nerves  between  the  first  lum])ar  and  the  second  sacral  fail  to  reach  the  mid 
ventral  line  of  the  trunk  and  are  wholly  concerned  in  the  innervation  of  the  lower  limb. 

At  the  preaxial  border  of  the  limb  (groi^)  the  first  hinibar  nerve,  the  highest  nerve  supplying 
the  perineum,  is  concerned  also  in  innervating  the  skin  of  the  limb.  At  the  postaxial  border  ol 
the  limb  (fold  of  the  nates  and  back  of  the  thigh),  the  nerves  which  are  the  highest  of  those  con- 
stituting the  pudendal  plexus  (the  secimd  and  tliinl  sacral  nerves)  are  also  iiuDlicated  in  inner- 
vating that  l>order  of  the  limb.  The  fourth  sacral  nerve  is  only  concerned  to  a  verydig^' 
extent  in  the  innervation  of  the  limb  by  means  of  tlie  |>erineal  branch,  which  reaches  tb< 
Ix^ginning  of  its  postaxial  border ;  the  la.st  two  spinal  iitrves  are  wholly  unrepresented  in  th* 
limb  proper  and  end  entirely  in  the  trunk  behind  the  liml). 

Development  of  the  Spinal  Nerves. 
I.  Origin  of  the  Spinal  Nerve  Boots. — The  process  of  development  of  the  tpoB 
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Tea  oommences  by  means  of  the  outgrowth  of  the  dorsal  and  yentral  roots  from  the 
iullarj  tube.     The  two  roots  take  origin  in  quite  different  ways. 

The  dorsal  root  is  the  first  to  appear, — before,  during,  or  after  the  union  of  the 
dullary  plates  and  the  formation  of  the  neural  tube.  It  takes  origin  as  a  cellular  bud 
m  the  dorsal  surface  of  the  medullary  tube  in  one  of  three  ways : — (1)  It  may  arise 
m  the  junction  of  the  medullary  plate  and  surface  epiblast  before  the  closure  of  the 
duUaiy  groove.  (2)  It  may  spring  from  the  neural  crest j  a  ridge  on  the  dorsal  as|)ect 
the  medullary  tube,  after  its  closure  is  complete.  (3)  It  may  be  simply  a  direct  out- 
mth  from  the  dorsal  surface  of  the  medullary  tube.  Pyriform  in  shape,  the  bud 
luges  and  becomes  separated  from  the  medullary  tube,  and  projects  ventrally  in  the 
lee  between  the  myotome  and  the  medullary  tube.  Each  bud  is  separated  by  only  a 
j^t  interval  from  its  neighbour. 

The  cells  (neurolilastB)  composing  the  bud  become  rapidly  spindle-shaped,  and  by  the 
ikile  of  the  fourth  week  give  rise  to  ti/fo  seU  of  processes ;  (1)  a  central  series,  which 


Fig.   515.- 


A,  Formation  of  uerve  roots. 

D.R,  Doreiil  root. 
V.R,  Ventral  root. 


N.T,  Neural  tnW. 
Xo,    Notochonl. 

C,  Formation  of  nerves. 

.  Somatic  division. 
,  Viaceml  branch. 
Posterior  primary  division. 


Devkloi'MENt  ok  the  Spinal  Nekves. 

B,  Formation  of  nerve  trunk  (N). 

D.G,    Dorsal  ganglion. 
Sy,       Sympntlketic  cord. 
W.D,  Wolffian  duct. 
Co,       Cadoiii. 

F,  Formation  of  nerve  tniuks  in  relation 
to  tlie  limb  :  dorsal  and  ventral 
trunks  eorrespcmding  to  lateral  and 
anterior  trunks  in  D  antl  E. 


Al.C,  Alimentary  canal. 
Ao,      Aorta. 
V,        ('ardinal  vein. 
M.P,    Muscle  plate. 

1),  E,  Formation  of  subordinate 
branches. 


Lat,  Lateral,  and 

Ant,  Anterior,  branches. 


t)w  backwards  and  are  secondarily  connected  witli  the  dorso-latcnil  aspect  of  tlie 
edullary  tube  as  the  fibres  of  the  dorsal  root;  and  (2)  a  peripheral  series,  which  con- 
itute  the  dorsal  root  fibres  of  the  spinal  nerve  and  join  the  ventral  root,  to  form  the 
»iiial  nen'o  proper.     The  intermediate  cellular  mass  remains  as  the  spinal  ganglion. 

The  ventral  root  of  a  sj)inal  uerve  arises  in  quite  a  different  way,  from  cells  (neuro- 
Arta)  in  the  substance  of  the  medullary  tube.  In  the  accoimt  of  the  development  of  the 
»inal  eoixi  it  has  been  shown  how  the  cellular  constituents  of  the  medullary  tube  are  con- 
Jrted  into  two  classes  of  cells :  (1)  spongioblasts,  which  produce  the  matrix  (neuroglia)  of 
»e  spinal  cord ;  and  (2)  germ-cells  or  neuroblasts,  which  produce  the  nerve-cells  of  the 
ray  matter  of  the  cord.     Tlie  neuroblasts  give  rise  to  the  axis-cylinder  processes  or 
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axons,  which,  penetrating  the  spongy  tissue  of  the  medullary  tube  and  the  outer 
membrane,  find  their  way  into  the  mesoblastie  tissue  on  the  ventro-lateral  suiiaoe 
tube.  Fibrous  from  their  earliest  origin  and  derived  from  nerve-cells  which  remain 
the  medullary  tube,  the  axons  of  which  the  ventral  root  is  composed  become 
mesoblastie  cells  immediately  on  their  emergence,  which  give  rise  to  the  sheaths  (tf  the 
The  ventral  root  is  a  little  later  in  its  date  of  appearance  than  the  dorsal  root  It 
to  be  evident  at  the  twenty-fourth  day  and  is  completely  formed  by  the  twenty-eighdi 

II.  Formation  of  the  Spinal  Nerve. — The  fibres  of  the  dorsal  root  gmoglk 
the  ventral  root  grow  by  extension  from  the  cells  with  which  they  are  respecttvelj 
nected,  and  meet  in  the  space  between  the  myotome  and  the  side  of  the  medolluy 
to  form  the  spinal  nerve.     It  has  been  already  shown  that  in  the  adult  there  is  t ' 
mental  division  of  the  spinal  nerve  into  posterior  and  anterior  primary  divisiona 
process  of  development  this  separation  is  even  more  obvious.     As  the  fibres  of  the 
and  ventral  roots  approximate,  they  separate  at  the  same  time  each  into  two 
portions :  the  smaller  parts  of  the  two  roots  unite  together  to  form  the  posterior,  and 
larger  parts  unite  to  form  the  anterior  primary  division  of  the  spinal  nerve. 

The  posterior  primary  division,  curving  outwards  and  dorsally,  passes  through 
myotome  and  is  connected  with  it.  In  the  substance  of  the  myotome  it  separates  i 
branches  as  it  proceeds  towards  the  dorsal  wall  of  the  embryo.  At  a  later  stsge^ 
branches  are  definitely  arranged  into  an  outer  and  an  inner  set. 

The  anterior  primary  division  grows  gradually  in  a  ventral  direction  to  resdi  i 
somato-splanchnopleuric  angle,  under  cover  of  the  growing  myotome.  It  spreads  out 
its  distal  end  and  eventually  separates  into  two  portions  :  a  smaller,  splanchnic,  or 
and  a  larger,  somatic,  or  parietal  portion.  (1)  The  smaller,  splanchnic,  or  viacenl 
grows  inwards,  dorsal  to  the  Wolffian  ridge,  to  be  connected  with  the  sympathetic 
and  the  innervation  of  organs  in  the  splanchnic  area.  This  branch  of  the  spinal  ofli 
becomes  the  white  ramus  communicans  of  the  sympathetic.  It  is  not  present  in  the 
of  all  the  spinal  nerves  (cervical,  lower  lumbar,  and  upper  sacral).  It  will  be  referred 
again  in  connexion  with  the  sympathetic  system.  (2)  The  larger,  somatic,  or 
portion  becomes  the  main  part  of  the  anterior  primary  division  of  the  nerve, 
continues  the  original  ventral  course  of  the  nerve,  and,  reaching  the  body  wall, 
divides  into  two  terminal  branches — a  lateral  branch,  which  grows  outwards  and  doi 
wards  and  reaches  the  lateral  aspect  of  the  trunk,  after  piercing  the  myotome ;  wok 
ventral  or  anterior  branch,  which  grows  onwards  in  the  body  w^all  to  reach  the  v( 
axis.     This  arrangement  is  met  with  in  the  trunk  between  the  limbs  and  in  the  nedL 

III.  Formation  of  Limb-plexuses. — The  method  of  growth  of  the  spinal  iieni 
just  descril)ed,  is  modified  in  the  regions  where  the  limbs  are  developed.  In  relation  I 
the  limbs,  which  exist  in  the  form  of  buds  of  cellular  undifferentiated  mesoblast  beW 
the  spinal  nerves  have  any  connexion  with  them,  the  development  of  the  nerve  prooeci 
exactly  in  the  way  described  up  to  the  point  of  formation  of  somatic  and  splandoii 
branches.  The  somatic  branches  then  stream  out  into  the  limb  bud,  passing  into  I 
below  the  ends  of  the  myotomes  and  spreading  out  into  a  bundle  of  fibres  at  the  bia 
attachment  of  the  limb.  Later  on,  the  nerves  separate  each  into  a  pair  of  definite  tninh 
which  are  named  dorsal  and  ventral,  and  which,  dividing  round  a  central  core  of  mat 
blast,  proceed  to  the  dorsal  and  ventral  surfaces  respectively  of  the  limb  bud.  AVhile  thi 
process  is  going  on,  a  secondary  union  takes  place  between  (parts  of)  adjacent  dorsal  an 
ventral  trunks.  Dorsal  trunks  \mite  with  dorsal  trunks,  ventral  trunks  unite  with  ventii 
trunks,  to  form  the  nerves  distributed  ultimately  to  the  surfaces  and  periphery  of  tl 
limb.  These  dorsal  and  ventral  tmnks  are  homologous  with  the  lateral  and  ventn 
branches  of  the  somatic  nerves  in  other  regions. 

Morphology  of  the  Limb-plexuses. 

The  arrangement  of  the  limb  nerves  is  rendered  conii)lex  and  the  significance  of  the  plexu 
is  obscured  by  the  changes  through  which,  coincidently,  the  nerves  on  the  one  hand  and  t 
parts  supi)liea  by  them  on  the  other  hand  have  passed  in  the  course  of  development. 

Nature  of  t^e  Limbs. — As  already  described,  the  nianiinalian  liuil>8  arise  as  flattened  bn 
from  the  extremities  of  the  Wolffian  ridge.  Each  bud  possesses  a  prcaxial  and  a  postaxial  h&rd 
and  a  dorml  and  a  ventral  surface,  continuous  with  the  dorsal  and  ventral  aspects  of  the  tru' 
and  homologous  with  its  lateral  and  ventral  surfaces.  Each  bud  consists  at  first  of  a  mass 
undifferentiated,  unsegmented  mesoblast,  coverwl  by  er>itheliuin.  Around  the  central  core 
mesoblast  which  ]>roauces  the  skeletal  axis,  the  vei*sels  and  muscles  of  the  limb  are  forn 
in  situ,  the  muscles  as  double  dorsal  and  ventral  strata,  l)eneath  the  corresponding  surfaces 
the  bud. 

Each  limb  bud  is  connected  to  the  lateral  and  ventral  aspects  of  the  trunk,  and  it  associa 
with  a  number  of  body  segments,  varying  in  the  two  extremities  and  in  different  anim 
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;h  the  meeoblaBtic  material  of  which  the  limb  bud  is  composed  exhibits  in  itself  no 

tal  diyisioDB  at  any  period  of  its  development,  a  clear  indication  of  the  segmental  relations 

limbe  is  obtained  from  the  arrangement  of  the  limb  nerves.     Taking  the  nerves  which 

the  limbe  as  a  gnide,  the  segments  engaged  in  the  formation  of  the  upper  extremity  are 

;  five  cervical  and  first  two  thoracic.     The  lower  extremity  is  related  by  its  nerves  to  all 

ibar  and  the  first  three  sacral  segments.     In  each  limb,  the  segments  at  the  preaxial  and 

al  borders  are  onlv  partially  concerned  in  limb  formation. 

las  been  already  shown  that  the  somatic  branches  of  the  nerves  enter  the  substance  of  the 

oodc  limb  and  divide  in  their  course  into  dorsal  and  ventral  trunks,  which  supply  the 

md  ventral  surfaces  of  the  limb  bud.    The  higher  nerves  supply  the  preaxial  boraer,  the 

erves  8U]>ply  the  postaxial  border,  while  the  nerves  most  centrally  situated  extend  furthest 

s  the  periphery  of  the  limb. 

jrder  to  understand  properly  the  constitution  of  the  limb-plexuses,  it  is  necessary  further 

e  a  comparison  of  the  surfaces  and  borders  of  the  embryonic  and  adult  limits. 

par  Limb.-^^)  Borden. — ^The  preaxial  border  of  the  upper  extremity  extends  from  the 

of  the  clavicle,  in  the  line  of  the  cephalic  vein,  down  the  front  of  the  shoulder,  tlie  outer 

the  arm,  forearm  and  hand,  to  the  outer  border  of  the  thumb.     The  postaxial  border 
9  from  the  middle  of  the  axilla  along  the  inner  side  of  the  arm  (in  the  line  of  the  basilic 
he  inner  side  of  the  forearm  and  hand,  to  the  inner  border  of  the  little  finger. 
SufacM. — The  areas  of  the  limb  between  these  lines,  anteriorly  and  posteriorly,  ooiTespond 
rentral  and  dorsal  surface  of  the  embryonic  limb  bud.     The  ventral  surface  is  represented 

front  of  the  chest,  arm,  and  forearm,  and  the  palm  of  the  hand  The  dorsal  surface  is 
nted  by  the  scapular  and  deltoid  regions,  the  back  of  the  arm,  forearm,  and  hand. 
irer  Limb.— (.^)  Borders. — The  preaxial  border  of  the  lower  limb  extends  from  the  middle 
part's  ligament  down  the  inner  side  of  the  thigh  and  leg  in  the  line  of  the  internal 
ous  vein,  to  the  inner  side  of  the  gre&t  toe.  The  postaxial  border,  beginning  at  the  cot'cyx, 
i  along  the  fold  of  the  nates  and  the  outer  side  and  Ijack  of  the  thigh  and  leg  (in  the  line 
external  saphenous  vein)  to  the  outer  border  of  the  foot  and  little  toe. 
Surfaces. — The  areas  between  these  lines  correspond  to  the  primitive  dorsal  and  ventral 
5  of  the  embryonic  limb  bud.  The  unequal  amount  of  rotation  in  the  parts  of  the  lower 
bscnres  the  relation  of  foetal  and  adult  surfaces,  which  are  mast  easily  made  out  in  the 
le  position  of  the  limbs,  with  the  thighs  and  knees  flexed  and  the  soles  of  the  feet 
d.  Tlie  ventral  surface  of  the  embyronic  limb  is  represented  by  the  inner  side  and 
'  the  thigh,  the  back  of  the  leg,  and  the  sole  of  the  foot  The  dorsal  surface  is  rei)re8ented 
front  of  the  thigh  and  buttotrk,  the  front  of  the  leg,  and  the  dornuni  of  the  foot 
[IpOSition  of  the  Liinb-pleztL8e&— In  all  mammals  the  same  definite  plan  underlies  the 
ition  of  the  limb-plexuses.     The  nerves  concerned  are  the  anterior  primary  divisions  of 

segmental  spinal  nerves,  which  (with  c^^rtain  exceptions  at  the  preaxial  and  postaxial 
)  are  destined  wholly  and  solely  for  the  innervation  of  the  limb.  Each  of  the  anterior 
Y  divisions  engaged  divides  into  a  jiair  of  secondary  trunks,  named  dorsal  or  postt^rior, 

or  anterior.  The  dorsal  and  ventral  trunks  again  subdivide  into  tertiary  trunks,  which 
e  with  the  corr<^pomling  i^nlKlivisions  of  neighbouring  dorsal  and  ventral  trunks  to  form 
▼es  of  distribution.  The  couibinations  of  dorsal  trunks  provide  a  series  of  nerves  for  the 
of  that  part  of  the  limb  which  is  deriv^l  from  the  dorsal  surface  of  the  embryonic  limb 
:he  combinations  of  ventral  trunks  give  rise  to  nerves  of  distribution  to  the  regions 
onding  to  its  ventral  surface.  The  relation  of  the  nerves  derived  fn)m  the  limb-plexuses 
ireas  of  the  limbs  is  given  in  the  accompanying  tables  : — 


I.  Upper  Limb. 


Origin. 


Nerves. 


Distribution. 


hial 
xus 


Dorsal  trunks 

(Posterior  cord) 


Posterior  scai)ular 
Posterior  thoracic 
Suprascapular 
Suf>sciij)ular  (3)      . 
•  Circumflex    .... 
(Lesser  internal  cutaneous  (?) ) 
(lutiTcosto-huineral  (?) ) 

Musculo-sj)iral 


Ventral  trunks' 

(Outer  and    | 
inner  cords) 


I  'Nerve  to  sul)clavius  \ 
Anterior  thoracic  (2)  / 

Musculo-cutaneous 

Lessor  internal  cutaneous 

Internal  cutaneous 


Median  . 
^rinar    . 


Scaiiular  region  and 
shoulder 


Ann,  inner  side 

Back  of  arm,  fore- 
arm, and  hand 

P'ront  of  chest 

Front   of   arm   and 

foi-earni 
Inner  side  of  arm 
Front   of  arm   and 

forearm 
Front  of  forearm  and 

hand 


Dorsal 
surface 


Ventral 
surface 
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axons,  which,  penetrating  the  spongy  tissue  of  the  medullary  tube  and  the  outer  limiting 
membrane,  find  their  way  into  the  mesoblastic  tissue  on  the  ventro-lateral  surface  of  the 
tube.  Fibrous  from  their  earliest  origin  and  derived  from  nerve-cells  which  remain  within 
the  medullary  tube,  the  axons  of  which  the  ventral  root  is  composed  become  surrounded  by 
mesoblastic  cells  immediately  on  their  emergence,  which  give  rise  to  the  sheaths  of  thenerre 
The  ventral  root  is  a  little  later  in  its  date  of  appearance  than  the  dorsal  root.  It  begins 
to  be  evident  at  the  twenty-fourth  day  and  is  completely  formed  by  the  twenty-eighth  dij. 

II.  Formation  of  the  Spinal  Nerve. — The  fibres  of  the  dorsal  root  ganglion  and 
the  ventral  root  grow  by  extension  from  the  cells  with  which  they  are  respectively  con- 
nected, and  meet  in  the  space  between  the  myotome  and  the  side  of  the  medullaiy  tube 
to  form  the  spinal  nerve.  It  has  been  already  shown  that  in  the  adult  there  is  a  funda- 
mental division  of  the  spinal  nerve  into  posterior  and  anterior  primary  divisions.  In  the 
process  of  development  this  separation  is  even  more  obvious.  As  the  fibres  of  the  dorsal 
and  ventral  roots  approximate,  they  separate  at  the  same  time  each  into  two  unequal 
portions  :  the  smaller  parts  of  the  two  roots  unite  together  to  form  the  posterior,  and  the 
larger  parts  unite  to  form  the  anterior  primary  division  of  the  spinal  nerve. 

The  posterior  primary  division,  curving  outwards  and  dorsally,  passes  through  the 
myotome  and  is  connected  with  it.  In  the  substance  of  the  myotome  it  separates  into 
branches  as  it  proceeds  towards  the  dorsal  wall  of  the  embryo.  At  a  later  stage,  the 
branches  are  definitely  arranged  into  an  outer  and  an  inner  set. 

The  anterior  primary  division  grows  gradually  in  a  ventral  direction  to  reach  the 
somato-splanchnopleuric  angle,  under  cover  of  the  growing  myotome.  It  spreads  out  at 
its  distal  end  and  eventually  separates  into  two  portions  :  a  smaller,  splanchnic,  or  visceral; 
and  a  larger,  somatic,  or  parietal  portion.  (1)  The  smaller,  splanchnic,  or  visceral  portion 
grows  inwards,  dorsal  to  the  Wolffian  ridge,  to  be  connected  with  the  sympathetic  cord 
and  the  iimervation  of  organs  in  the  splanchnic  area.  This  branch  of  the  spinal  nerve 
becomes  the  white  ramus  communicans  of  the  sympathetic.  It  is  not  present  in  the  case 
of  all  the  spinal  nerves  (cervical,  lower  lumbar,  and  upper  sacral).  It  will  be  referred  to 
again  in  connexion  with  the  sympathetic  system.  (2)  The  larger,  somatic,  or  parietal 
portion  becomes  the  main  part  of  the  anterior  primary  division  of  the  nerve.  It 
continues  the  original  ventral  course  of  the  nerve,  and,  reaching  the  body  wall,  sub- 
divides into  two  terminal  branches — a  lateral  branch,  which  grows  outwards  and  down- 
wards and  reaches  the  lateral  aspect  of  the  trunk,  after  piercing  the  myotome ;  and  a 
ventral  or  anterior  branch,  which  grows  onwards  in  the  body  wall  to  reach  the  ventral 
axis.     This  arrangement  is  met  with  in  the  trunk  between  the  limbs  and  in  the  neck. 

III.  Formation  of  Limb-plexuses. — The  method  of  growth  of  the  spinal  nerTei, 
just  described,  is  modified  in  the  regions  where  the  limbs  are  developed.     In  relation  to 
the  limbs,  which  exist  in  the  form  of  buds  of  cellular  undifferentiated  mesoblast  before 
the  spinal  nerves  have  any  connexion  with  them,  the  development  of  the  nerve  proceeds 
exactly  in  the  way  described  up  to  the  point  of  formation  of  somatic  and  splanchnic 
branches.     The  somatic  branches  then  stream  out  into  the  limb  bud,  passing  into  it 
below  the  ends  of  the  myotomes  and  spreading  out  into  a  bundle  of  fibres  at  the  basal 
attachment  of  the  limb.     Later  on,  the  nerves  separate  each  into  a  pair  of  definite  trunks 
which  are  named  dorsal  and  ventral,  and  which,  dividing  round  a  central  core  of  meso- 
blast, proceed  to  the  dorsal  and  ventral  surfaces  respectively  of  the  limb  bud.     While  thi* 
process  is  going  on,  a  secondary  union  takes  place  between  (parts  of)  adjacent  dorsal  an^ 
ventral  trunks.     Dorsal  trunks  unite  with  dorsal  trunks,  ventral  trunks  unite  with  ventral 
trunks,  to  form  the  nerves  distributed  ultimately  to  the  surfaces  and  periphery  of  th^ 
limb.     These  dorsal  and  ventral  trunks  are  homologous  with  the  lateral  and  ventraL 
branches  of  the  somatic  nerves  in  other  regions. 

Morphology  of  the  Limb-plexuses. 

The  arrangement  of  the  limb  nerves  is  rendered  complex  and  the  significance  of  the  plexocseft' 
is  obscured  by  the  changes  through  which,  coincidently,  the  nerves  on  the  one  hand  and  the 
parts  supplied  hv  them  on  the  other  hand  have  passed  m  the  course  of  development 

Nature  of  the  Limbs. — As  already  described,  the  mammalian  limits  arise  as  flattened  buds 
from  the  extremities  of  the  Wolffian  ridge.  Each  bud  possesses  a  preaxial  and  a  postaxial  border^ 
and  a  dorml  and  a  ventral  mrface^  continuous  with  the  dorsal  and  ventral  aspects  of  the  trunk 
and  homologous  with  its  lateral  and  ventral  surfaces.  Each  bud  consists  at  first  of  a  mass  of 
undifferentiated,  unsegmented  mesoblast,  covered  by  epithelium.  Around  the  central  core  oC 
mesoblast  which  produces  the  skeletal  axis,  the  vessels  and  muscles  of  the  limb  are  formedl 
177  siULy  the  muscles  as  double  dorsal  and  ventral  strata,  ]>eneath  the  corresponding  surfaces  of 
the  bud. 

Each  limb  bud  is  connected  to  the  lateral  and  ventral  aspects  of  the  trunk,  and  it  associatetS 
with  a  numh^T  of  body  segments,  varying  in  the  two  extremities  and  in  different 
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Lgh  the  mesoblastic  material  of  wliicli  the  limb  bud  is  composed  exhibits  in  itself  no 
ital  divisions  at  any  period  of  its  development,  a  clear  indication  of  the  segmental  relations 

limbs  is  obtained  from  the  arrangement  of  the  limb  nerves.    Taking  the  nerves  wliich 

the  limbs  as  a  guide,  the  segments  engaged  in  the  formation  of  the  upper  extremity  are 
t  five  cervical  and  first  two  tnoracic.  The  lower  extremity  is  related  by  its  nerves  to  all 
nbar  and  the  first  three  sacral  segments.  In  each  limb,  tlie  segments  at  the  preaxial  and 
ial  borders  are  onlv  partially  concerned  in  limb  formation. 

has  been  already  shown  that  the  somatic  branches  of  the  nerves  enter  the  substance  of  the 
onic  limb  and  divide  in  their  course  into  dorsal  and  ventral  trunks,  which  supply  the 
and  ventral  surfaces  of  the  limb  bud.  The  higher  nerves  supply  the  preaxial  boraer,  the 
[lerves  supply  the  poetaxial  border,  while  the  nerves  most  centrally  situated  extend  furthest 
Ls  the  periphery  ot  the  limb. 

order  to  understand  properly  the  constitution  of  the  limb-plexuses,  it  is  necessary  further 
ce  a  comparison  of  the  surfaces  and  borders  of  the  embryonic  and  adult  limbs. 
»per  Limb. — (A)  Borden. — The  preaxial  border  of  the  upper  extremity  extends  from  the 
e  of  the  clavicle,  in  the  line  of  the  cephalic  vein,  down  the  fi*out  of  the  shoulder,  the  outer 
f  the  arm,  forearm  and  hand,  to  the  outer  border  of  the  thumb.  The  postajdal  border 
Is  from  the  middle  of  the  axilla  along  the  iimer  side  of  the  arm  (in  the  line  of  the  basilic 
the  inner  side  of  the  forearm  and  hand,  to  the  inner  border  of  the  little  finger. 
)  Sorfacea — The  areas  of  the  limb  between  these  lines,  anteriorly  and  posteriorly,  correspond 
ventral  and  dorsal  surfaces  of  the  embryonic  limb  bud.  The  ventral  surface  is  i-epresented 
?  front  of  the  chest,  arm,  and  forearm,  and  the  palm  of  the  hand.  The  dorsal  surface  is 
ented  by  the  scapular  and  deltoid  regions,  the  back  of  the  arm,  forearm,  and  hand. 
wer  Limb.— (.4)  Borders. — The  preaxial  border  of  the  lower  limb  extends  from  the  middle 
ipart's  ligament  down  the  inner  side  of  the  thigh  and  leg  in  the  line  of  the  internal 
lous  vein,  to  the  inner  side  of  the  great  toe.  Tlie  postaxial  border,  be^nning  at  the  coccyx, 
Is  along  the  fold  of  the  nates  and  the  outer  side  and  back  of  the  thigh  and  leg  (in  the  line 
external  saphenous  vein)  to  the  outer  border  of  the  foot  and  little  toe. 
I  Surfaces. — The  areas  between  these  lines  correspond  to  the  primitive  dorsal  and  ventral 
?a  of  the  embryonic  limb  bud.  The  unequal  amount  of  rotation  in  the  parts  of  the  lower 
:)b8cure8  the  relation  of  fcetal  and  adult  suifaces,  which  are  most  easily  made  out  in  the 
ile  position  of  the  limbs,  with  tlie  thighs  and  knees  flexed  and  the  soles  of  the  feet 
ed.  The  ventral  surface  of  the  embyronic  limb  is  represented  by  the  inner  side  and 
>f  the  thigh,  the  back  of  the  leg,  and  the  sole  of  the  foot  The  dorsal  surface  is  represented 
i  front  of  the  thigh  and  buttock,  the  front  of  the  leg,  and  the  dorsum  of  the  foot 
mposition  of  the  Limb-plexuses.— In  all  mammals  the  same  definite  plan  underlies  the 
tution  of  the  limb-plexuses.  The  nerves  concerned  are  the  anterior  primary  divisions  of 
I  segmental  spinal  nerves,  which  (with  (lertain  exceptions  at  the  preaxial  and  postaxial 
"s)  are  destinecl  wholly  and  solely  for  the  innervation  of  the  limb.  Each  of  the  anterior 
ry  divisions  en^iged  divides  into  a  pair  of  secondary  trunks,  named  dorsal  or  posterior, 
kl  or  anterior.  The  dorsal  and  ventral  trunks  again  sulxlivide  into  tertiary  trunks,  which 
ue  with  the  corresponding  sulxlivisions  of  neighbouring  dorsal  and  ventral  trunks  to  form 
irves  of  distribution.  The  (combinations  of  dorsal  trunks  provide  a  series  of  nerves  for  the 
;  of  that  j)art  of  the  limb  which  is  derived  from  the  dorsal  surface  of  the  embryonic  limb 

the  combinations  of  ventral  trunks  give  rise  to  nerves  of  distribution  to  the  regions 
ponding  to  its  ventral  surface.     The  relation  of  the  nerves  derived  from  the  limb-plexuses 

areas  of  the  limbs  is  given  in  the  accompanying  tables  : — 


I.  Upper  Limb. 


Origin. 


Dorsal  trunks 

(Posterior  cord) 


Nerves. 

Posterior  scapular 
Posterior  thoracic 
Suprascapular 
Subscapular  (3)     . 
Circumflex    .... 
(Lesser  internal  cutaneous  (?) ) 
(Intercosto-humeral  (?) ) 


Distribution. 


ichial 
exus 


I 


Musculo-spiral 


Scapular  region  and 
shoulder 


Arm,  inner  side 

Back  of  arm,  fore- 
arm, and  hand 


Dorsal 
surface 


Ventral  trunks 

(Outer  and    ' 
inner  cords)    I 


^Xerve  to  sulxilaviua  1 
Anterior  thoracic  (2)/ 

Musculo-cutaneous 

Lesser  internal  cutaneous 

I  Internal  cutaneous 
Mwlian .... 
^ Ulnar    .... 


Front  of  chest 


and 


Front  of   arm 

forearm 
Inner  side  of  arm 
Front  of  arm   and 

forearm 
Front  of  foivarm  and 

hand 


Ventral 
;  surface 
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II.  Lower  Limb. 


Origin. 


Nerves. 


Lumbo- 
sacral 
Plexus 


Dorsal 
trunks  { 


Ventral 
trunks 


^Ilio-hj^poga8tric(iliac  branch)' 
Superior  ^luteal 
Inferior  gluteal 
Nerve  to  pyriformis 
Small  sciatic 

External  cutaneous  .  / 

Qenito-crural  (crural  branch) 

Anterior  crural     .  .  / 

Peroneal        .... 

Ilio-hypogastric  (hy'pogastric 
branch) 

Ilio-inguinal         .        .        .  | 

Qenito-crural  (genital  branch) 

Obturator      .  .        .  •! 

Nerve  to  obturator  intemus 
and  superior  gemellus 

Nerve  to  (juadratus  femoris 
and  inferior  gemellus 

Nerve  to  hamstrings 

Small  sciatic 

Tibial 


DistributioiL 


Buttock 


Buttock  and  thigh,  outer  side 

and  front 
Front  of  thigh 
Front  and  inner  side  of  thigh, 

leg,  and  foot 
Front  of  leg  and  foot 


Abdominal  wall  (ventral  sur-^ 

face) 
Abdominal    wall,    thigh,  and 

perineum 
Qpoin 
Thigh  (inner  side)  and   knee 

(back) 


Buttock  and  back  of  thigh 


Back  of  thigh  and  perineum 
Back  of  knee,  leg,  and  sole  of 
foot 


Soml 
soifui 


Ventral 
nuftoe 


In  the  regions  of  the  limbs  no  anterior  cutaneous  branches,  derived  from  the  limb  nerves, 
supply  the  trunk.  The  whole  of  the  nerve  is  carried  into  the  limb  and  is  absorbed  in  iti 
innervation,  and  the  dorsal  and  ventral  trunks  forming  the  limb-plexuses  are  to  be  looked  upon 
as  homologous  with  the  lateral  and  ant^irior  trunks  of  an  intercostal  nerve.  Two  series  of 
anomalies  in  relation  to  the  formation  and  distribution  of  the  nerves  to  the  limljs  must,  however, 
l>e  considered,  because  it  has  been  suggest^  (Goodsir)  that  the  nerves  of  the  limbs  are  seriallT 
homologous  with  not  the  whole,  but  with  only  the  lateral  branches  of  the  anterior  priffl&r]r 
divisions  of  the  intercostal  nerves. 

(1)  Nerves  in  coimexion  with  the  primitive  borders  of  the  Limbs.— At  the  pmziil 
border  of  the  upper  limb,  at  its  root,  the  fourth  cervical  nerve,  which  8ui>plie.s  the  anterior  au'i 
lateral  surfaces  of  the  neck,  is  also  distributed  through  the  supraclavicular  nerves  to  the  skin  of 
both  ventral  and  dorsal  surfaces  of  the  limb.  The  nerves  and  surfaces  are  here  not  merely 
homologous,  but  in  actual  continuity. 

At  the  preaxial  border  of  the  lower  limb,  similarly,  the  first  lumbar  neiTe,  by  means  uf  the 
ilio-hypogastric  and  ilio-inguinal  branches,  supplies  on  the  one  hand  the  buttock)  in  series  wilb 
tlie  lateral  branches  of  the  lower  thoracic  nerves,  and,  on  the  other  hand,  the  lower  part  of  the 
abdominal  wall  and  the  adjacent  inner  side  of  the  thigh,  in  series  with  the  anterior  temiinaV 
branches  of  the  lower  thoracic  nerves. 

At  the  postazial  border  of  the  upper  limb  the  finst  and  second  thoracic  nerves  are  concenml 
in  supplying  trunk  segments  as  well  as  parts  of  the  limb.  The  first  thoracic  nerve,  besidef 
supplying  the  limb  through  the  inner  cora  of  the  plexus,  also  innervates  at  least  the  muscles  of 
the  first  intercostal  space  ;  the  second  thoracic  nerve  is  concerned  in  the  inner\'^ation  of  the  limb, 
principallv  by  means  of  its  lateral  branch  only,  which,  as  the  intercosto-humeral  nerve,  supplier 
tlie  skin  along  tlie  ])ostaxial  bonier  of  the  limb  and  on  its  dorsal  side.  At  the  postazial  border  of 
the  lower  limb,  in  the  same  way,  the  third  and  fourth  sacral  nerves,  j)artially  im]>licat4Ml  in  thf 
innervation  of  the  limb  (through  the  tibial,  small  sciatic,  perforating  cutaneous  nerve,  and 
})erineal  ])ranch  of  the  fourth  sacral  nerve),  are  also  engaged  in  supplying  the  trunk  (perineum) 
through  the  pudic  nerve.  These  peculiarities  of  arrangement  of  the  nerves  at  the  borders  of  the 
limbs  may  be  explained  on  the  supposition  that  the  segment  corresponding  to  the  nerve  named 
is  only  ])artially  concerned  in  limo  formation,  and  is,  at  the  same  time,  implicated  to  a  greater 
or  less  extent  in  the  formation  of  structures  l>elonging  to  the  trunk. 

(2)  The  origin  and  distribution  of  the  nerves  at  the  postaxial  border  of  the  limbs  present 
a  special  difficulty.  In  the  composition  respectively  of  the  brachial  and  lumbo-sacral  plexuses 
the  first  thoracic  and  third  sacral  nerves  do  not  as  a  rule  divide  into  ventral  and  dorsal  trunks, 
but  contribute  onl  v  to  the  formation  of  the  ventral  series  of  nerves.  A  solution  of  this  difficulty 
may  be  found  in  the  examination  of  the  areas  of  distribution  of  the  nerves  derived  from  the 
first  thoracic  and  third  sacral  nerves.    In  the  case  of  the  brachial  plexus  (the  inner  oord  of  whidi 
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reives  normally  the  whole  contribution  of  the  first  thoracic  nerve)  the  lesser  internal  cutaneous, 
e  inner  branch  of  the  internal  cutaneous,  and  the  dorsal  branch  of  the  ulnar  nerve  supply  the 
►raal  aspect  of  the  limb  on  its  postaxial  border.  These  nerves  are  in  serial  homology  with  the 
tercoeto-humeral  and  lateral  trunks  of  intercostal  nerves.  In  the  case  of  the  lumbo-sacral  plexus 
Luilarly,  in  which  the  third  sacral  nerve  does  not  divide  into  ventral  and  dorsal  trunks,  the 
aall  sciatic  and  tibial  nerves  containing  the  contribution  from  the  third  sacral  nerves  innervate, 
f  means  of  the  gluteal  and  external  femoral  branches  of  the  former  and  the  tibial  communi- 
Lting  branch  of  the  latter,  the  dorsal  surface  of  the  limb  along  the  postaxial  border,  in  series 
ith  the  perforating  cutaneous  nerve  and  the  perineal  branch  of  the  fourth  sacraL 

These  apparent  anomalies  appear  to  indicate  that,  instead  of  dividing  into  its  proper  dorsal 
nd  ventral  trunks,  the  entire  contribution  of  the  spinal  nerve  concerned  is  in  these  instances 
Eirried  undivided  alone  the  postaxial  border  of  the  limb  in  association  with  the  ventral  trunks, 
nd  that  the  dorsal  smxlivisions  are  thrown  ofif  successively  as  the  plexus  cords  approach  the 
neriphery.  Indeed,  in  the  case  of  the  small  sciatic  nerve,  Eisler  has  shown  that,  when  the 
peroneal  and  tibial  nerves  are  separated  at  their  origin,  its  gluteal  and  external  femoral  branches 
.rise  from  and  are  connected  with  the  dorsal,  and  the  perineal  and  internal  femoral  branches 
with  the  ventral  trunk. 


The  Distribution  of  the  Spinal  Nerves  to  the  Muscles  and  Skin 

OF  THE  Limbs. 

By  dissection,  experiment,  and  clinical  observation,  it  is  conclusively  proved  that 
M  a  rule  each  nerve  of  distribution  in  the  limb,  whether  to  muscle  or  skin,  is  made  up  of 
fibres  derived  from  more  than  one  spinal  nerve  ;  and,  further,  that  in  cutaneous  distribution 
\  considerable  overlapping  occurs  in  the  course  of  the  several  peripheral  nerves.  Moreover, 
^he  arrangement  of  the  distribution  of  the  nerves  to  skin  and  to  muscles  is  not  identical. 
In  the  case  of  the  skin  of  the  limbs,  by  the  covering  of  the  limb  being  drawn  on  to  it  from 
idjacent  parts  in  the  process  of  growth,  cutaneous  nerves  are  engaged,  which  are  derived 
■rem  sources  not  represented  in  the  muscular  innervation  of  the  limbs.  Again,  among  the 
Buscles,  some  have  undergone  fusion,  others  have  become  rudimentary,  and  others  again 
lave  altered  their  position  in  the  limb.  Bearing  these  qualifications  in  mind,  it  is 
possible  to  formulate  a  definite  plan  for  the  innervation  of  the  skin  and  muscles  of  the 
ipper  and  lower  limb.  The  accompanying  tables  give  an  analysis  of  the  distribution  of 
he  spinal  nerves  to  the  skin  and  muscles  of  the  upper  and  lower  limb  respectively  : — 


I.  Upper  Limb. 

A,  Cutaneous  Nerves. 

1.  Dorsal  (Posterior)  Surface. 


RegionB. 


Scapular 


I  Upper  part 
{itreaxiat) 

I  Lower  part 
(jwstaxial) 

rUi)per  ])art 

I      {postaxial) 

C  Outer  side 
I      (preaxial) 


Upper  arm 


Inner  side 
(postaxial) 


I 


Nerves. 


Spinal  Origins. 

Preojciai  Postaxial 

Nerves.  Nerct^s. 


divi8ion^^,  I 


I  C.  4.  5.  6. 
I  C.  3.  4. 


Posterior       primary 

cervical 

Cervical  plexus,  acromial 
Posterior       primary       divisions, 

thoracic    .         ."  .        .  j  T.  1.-7. 

Intercostal  nerves,  lateral  branches  I  T.  2.  3.  4. 

Cervical  plexus,  acromial  .     C.  3.  4. 

Circumflex C.  5.  6. 

Intercostal         lierves,  lati^rjil  i 

branches |  T.  2.  3. 

Circumflex !  C.  5.  6. 

Musculo-spiral,     upjMjr     external  | 

branch C.  (5).  6. 

Musculo-spiral,  internal  branch  C.  8. 

Lesser  internal  cutaneous      .         .  T.  1. 

Intercosto-hunieral         .         .         .  ■  T.  2. 
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1.  Dorsal  (Posterior)  Sar&ce — continued. 


Regions. 


Nerres. 


Spinal  Origini. 

Preaxial         PosUixu 
Nerves,  Nerrta. 


Forearm 


Hand 


'Outer  side 
{preaxial) 


Inner  side 
(postajdal) 

[Outer  side 
I     (|>reaxtaO 
I  Inner  side 
I     {posiaxial) 


Musculo-spiral,     upper 

branch 
Musculo-spiral,     lower 

branch 
Musculo  -  cutaneous, 

branch 
Radial    . 
^    Internal       cutaneous, 

branch 
Ulnar,  dorsal  branch 

Radial    . 
Ulnar 


external 
external 
posterior 


internal 


C.  (5).  6. 

C.  6.  7.  8. 

C.  5.  6. 
C.  6.  7. 


C.  6.  7. 


C.  a  T.  1 

c.a 


c.a 


RegiozLi. 


I.  Upper  Limb. 

A.  Cutaneous  Nerves. 
2.  Ventral  (Anterior)  Surface. 


Chest 


('UpiHjr  part 
{preaxial) 

I  Lower  part 
{poataxial) 


Upper  arm 


Forearm 


I      \j)reaxiai) 

\  Lower  part  I 

I      {poataxial)  j 

Outer  part  j 

{preaxial)  | 


Inner  part 
{postaxial) 

r Outer  part 
j      {preaxial) 
j  Inner  part 
^     {postaxial) 
'Outer  part 
{preaxial) 


Hand 


Inner  part 
{postaxial) 


Nerves. 


Cervical    plexus,    supraclavicular 

branches  .... 
Intercostal        nerves,        anterior 

branches  .... 
Intercostal  nerves,  lateral  branches 
Circumflex     .... 
Musculo-spiral,     upper    external 

branch      .... 
Internal  cutaneous 
Lesser  internal  cutaneous 
Intercosto-humeral 
Musculo  -  cutaneous,  anterior 

branch      .... 
Internal       cutaneous,       anterior 

branch      .... 
Musculo-cutaneous,  ball  of  thumb 
Median,  palmar  branch 
digital  branches 
thumb,  outer  side    . 

„       inner  side  'i 
index,  outer  side  ) 
„       inner  side) 
middle,  outer  side/ 
„       inner  side  1 
ring,  outer  side     I 
LTlnar,  palmar  branch   . 
„     digital  branches 


Spinal  Origins. 

Preaxial  Pottaxia 

Nerves.  Nerm. 


C.  3.  4. 


C.  5.  6. 
C.  5.  6. 

C.  5.  6. 


T.  2.-7. 


C.  a  T.  1 

T.  1 

T. 


C.  a  T.  1 
C.  5.  6. 

C.a  7. 

C.  6.  7.  a  T.  1. 

C.  6.  (7). 

C.  6.  7. 

C  (6).  7.  a  (T.  1). 

c.  a  T.  1 

T.l. 
T.l. 
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I.  Upper  Limb. 

B,  Muscular  Nerves. 

1.  Dorsal  (Posterior)  Surface. 


Spinal  Origins. 

RdgionB. 

Muides. 

Nerves. 

Pteaxkil  Postaxial 



Nerves,      Nerves, 

'Upper  part 

""      1  -            ■      -    ■       1 
Trapezius       ....     Cervical  plexus    .  , 

C.  3.  4.                  ! 

{j)reaQcial 
muscle) 

Levator  anguU  scapul.         .  igS^/^ular     ""c.  t 

Rliomboidei   .                         .     Poeterior  scapular 

C.  5. 

Serratus  magnus    .                      Posterior  thoracic 

C.  6.  6.  7. 

alder 

arpCr}     •        •        •     Supraacapular      . 

Subscapularis         .        .        .    (Short  subscapular  j 

C.  5.  6. 

Teres  major   ....     Lower  subscapular 

Lower  part 
(postaxial 

Teres  minor  \                             ^. „„„              J 

Deltoid          1                •        •  1  Circumflex   .        .   ^ 

^    muscles) 

Latissimus  dorsi     .                .1  Long  subscapular              C.  6.  7.  8.      j 

Triceps 

' 

Outer  head 

1  C.  (6).  7.  8. 

Br  arm 

Middle  head 

Musculo-spiral         \ 

Inner  head 

C.  7.  a 

Anconeus        .... 

Brachio-radialis 

1                                   C.  5.  6. 

Extensor       carpi       radialis 

-Musculo-spiral 

longior      .        .        .        .    J                  "              '  C.  (5).  6.  7. 8. 

Extensor       carpi       radialis 

brevior      .... 

•  C.  (5).  6.  7.  (8). 

Supinator  radii  brevis  . 

C.  (5).  6. 

arm 

Extensorcommunisdigitoruni 

' 

„        minimi  digiti  .        .  i 
„        carpi  ulnaris    . 

Posterior      inter- 

Extensor  ossis  metacarpi  pol-  , 

,        licis  

Extensor  longus  pollicis 

osseous 

.C.  (5).  6.  7.  8. 

„         brevis  pollicis 

;         „          indicis     .         .         .    j                                    ^ 

1 

I.  Upper  Limb. 

B.  Muscular  Nerves. 

2.  Ventral  (Anterior)  Sur&ce. 

Spinal  Origins. 

Regions. 

MuBcles. 

Nerves. 

Preaxml    Postaxial 

Nerves.      Nerves, 

;  Upper  j)art 

Stenio-iiiastoid      .         .         .      Cervical  plexus 

C.  2.                        1 

{preaj^ial 
mmcles) 

Onio-hvoid      1                            j^       livpoglossi     . 

C.  1.  2.  3.               1 

toral 

Subclaviiis    ....      Brachial  plexus     . 

C.  5.  6. 

rion 

1  Pectoral i.s  major    .                 .    ^                                    |  C.  5.  6.  7.  8.  T.  1. 

Lower  part 

'       Clavicular  j>art                         Anterior    thoracic 

C^  5.  6. 

(postaxial 

Sternal  j)art      .                 .     f     nerves 

C.  5.  6.  7.  8.  T.  1. 

muscles) 

Pectorali.s  minor   .         .         .  '.) 

C.  7.  8.  T.  1.  1 
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2.  Ventral  (Anterior)  SnrfEtce — continued. 


Regions. 


Upper 
arm 


/Outer  part 
(preaxiat) 


Inner  part     | 
(jpostaxiat)  I 

f  Outer  part 
(preaxiat) 


Forearm 


Inner  part 
(postaxial) 

'Outer  part 
(preaociat) 


Hand 


Inner  part 
(postaxial) 


Masoles. 


Nerres. 


Spinal  Oiigini 

I  Preaxi4xl  Ptmtm 
'    Jierves.     Xerr 


Biceps  . 

Brachialis  anticus 
Coraco-brachialis . 

Axillary  arches 


Pronator  radii  teres 
Flexor  carpi  radlalis 
Pahnaris  longus    . 
Flexor  sublimis  digitorum   . 

Flexor  profundus  digitorum 

Flexor  carpi  ulnaris 
Flexor  longus  poUicis  . 
Pronator  quadratus 
Abductor  pollicis  . 
Opponens  pollicis 
Flexor  brevis  pollicis    . 
Two  outer  lumbricales . 
Two  inner  lumbricales . 
Interossei      .        .        .        . 
Adductores    pollicis    (traus- 

versus  et  oblijuus) 
Abductor  minimi  digiti 
Opponens  minimi  digiti 
Flexor  brevis  minimi  digiti 


Musculo-cutaneous 
f  Musculo-cutaneous 
,  IMusculo-spiral 

Musculo-cutaneous 

(Internal  anterior 
thoracic,  or  lesser 
internal  cutane- 
ous,    or     inter- 
costo-humeral 


VMedian 

( Anterior 

I     osseous : 

Ulnar    . 

I  \  Anterior 

'j     osseous 

Median  . 


Ulnar 


inter- 
Ulnar 

inter- 


}C.  5.  6. 

0.(5).  6. 
C.  7. 


c.  a  T.  1. 


c.a 
c.  6. 


c.  7.  a  T.  1. 
c.  a  T.  1. 
c.  a  T.  1. 

}c.  7.  a  T  1. 

\c.  6.  7. 


c.  a  (T.  1), 


II.  Lower  Limb. 

A,  Cutaneous  Nerves. 

1.  Dorsal  Surfkce. 

{Front  and  cuter  side  of  thigh,  buttock,  frovi  of  leg,  dorsum  of  foot,) 


Regions. 


Front  of  thigh  and 
front  part  of  but- 
tock 
{jpreaxial  nerves) 


I 


Thigh' 


Buttocki 


Onter  side  of  thigh  r 
and  buttock,  back  | 
and  lower  part     | 

(postaxial  nerves)      t 

f  Inner  side 


Leg 


Dorsum 
foot 


of 


(preaxiat) 
Outer  side 

(postaxiat) 
Inner  side 

(preaxiat) 
Outer  side 

(postaxiat) 


Nerves. 


Genito-crural,  crural  brancli 
Anterior  crural,  internal  branch   . 
Anterior  crural,  middle  branch 
External  cutaneous 
Twelfth  thoracic,  iliac  branch 
Ilio-hypogastric,  iliac  branch 
Posterior       primary       divisions, 

lumbar 

Posterior       primary       divisions, 

sacral 

Posterior       primary       divisions, 

coccygeal 

Small  sciatic :  gluteal,  and  femoral 

branches 

Internal  saphenous 

Patellar  branch 
Musculo-cutaneous 
Peroneal,  sural  branches 
Internal  saphenous 
Anterior  tibial  .... 
Musculo-cutaneous 
External  saphenous 


Spinal  Origins. 

Preaxial  '        Pn9tax\ 
Nerves,  Serve 


L.  1.  2. 

L2.  3. 

T.  12. 
L.  1. 


L.  1.  2.  a 


S.  1. 
Co 


S.  1. 


}L.  3.  4. 

L.  4.  5.  S.  1. 
L.  (4).  5.  S.  L 

L.a4. 

L.  4.  6.  g.  1). 
L.  4  6.  S.  1. 

8.1.(2). 
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II.  Lower  Limb. 

A.  Cutaneous  Nerves. 

2.  Ventral  Sur&ce. 

{Inner  side  and  back  of  thigh,  back  of  leg,  and  sole  of  foot,) 


Regions. 


Nerves. 


Spinal  Origins. 

Preaxial  Poatctxial 

Nerves,  NervM. 


side 
ick  of 


rieg 


foot 


Inner  side  of   )  Ilio-inguinal 


thigh 
(preaxial) 

Back  of  thigh 


Inner  side 
(preaxial) 


/Obturator 


Outer  side 
(postaxial) 


\  Small  sciatic,  femoral  branches 

Peroneal,  sural  branches  .     . 
Peroneal,  communicans  fibularis 
Small  sciatic 
External  saphenous 
Internal  saphenous 
Posterior  tioial,  calcanean 
Internal  plantar    . 
Gre^t  toe,  inner  side . 
„        „    outer  side . 
Second  toe,  inner  side 
„        „    outer  side 
Third  toe,  inner  side 
„        „    outer  side 
Fourth  toe,  inner  side 
External  plantar  . 
Fourth  toe,  outer  side 
I       Fifth  toe,  inner  side . 
„       „    outer  side  . 
External  saphenous 


L.  1. 
L,  2.  3.  (4). 

S.  1.  2.  3. 

}L(4).  5.  S.  1. 

s.  1. 2.  a 

S.  1.  (2). 
L.  3.  4. 

S 
L,  4.  5.  S.  1. 
L.  4.  5. 

}l.4.  6.  S.  1. 

1.  2. 


L.  5.  S.  1. 


rS.  1.  2. 


S  1.  (2). 


II.  Lower  Limb. 

B.  Muscular  Nerves. 
1.  Dorsal  Surface. 

and  Older  side  of  thigh ,  buttock,  front  and  outer  side  of  leg,  doi^snm  of  foot.) 


Regions. 


)f  thigh 


(preaxial) 


and  outer  side  of  thigh 
taxial) 


Muscles. 


Pectiniius 

Sarloriiis  . 

Iliacus 

Psoas 

Quadiicej)s  extensor 

Vastus  intemus    . 

Rectus  femoris 

Cm  reus 

Vastus  externus    . 
Tensor  fascia'  feinoris 
Gluteus  minimus 
„        medius 
,,        maximus 
Bicei)s,  short  head    . 
Pvriformis 


I 


Nerves. 


•Anterior  crural 


rSui)erior  gluteal 

Inferior  gluteal 
Peroneal 
Sacral  plexus 


Spinal  Origins. 

Picaj:ial      PosUuial 
Serves.         Nerves. 


L.  2.  3. 


1l.  2.  3.  4. 


L.3.  4. 


L.  4.  5.  S.  1 


L  n.  S.  1.  2. 


S.  1.  2.  I 


\ 
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THE  NERVOUS  SYSTEM. 
1.  Dorsal  Snr&ce — continued. 


RegiozLi. 


MoBcles. 


J . 


f  Inner  side 
(preaxial) 


Front  of  leg 


Dorsum  of  foot 


Outer  side 
(postaxial) 


'  \  Tibialis  anticus 

1 1  Extensor      proprius 

I ;      liallucis 

Extensor         longns 

digitorum     . 
Peroneus  tertius 
Peroneus  longus 
Peroneus  brevis 
Extensor  brevis  digi- 
torum  . 


Nenres. 


Anterior  tibial  . 


1^  Musculo-cutaneouB 
Anterior  tibial  . 


Spinal  Orisiit. 

Preaxial  yerm 


^L.  4.  5.  S.  1. 


I 


II.  Lower  Limb. 

B,  Miiscular  Nerves. 

2.  Ventral  SurfiEkce. 

{Inner  side  and  back  of  thigh,  back  of  leg,  and  sole  of  foot  ^ 


Regions. 


Mnsclee. 


I 


Thigh     and 
buttock 


Back  of  leg . 


Sole  of  foot 


Thigh,  inner 
side 
(/)r«ixtVi/) 

Thigh,  outer  | 
side  -! 


Buttock 


' '  Adductor  longus 
Gracilis    . 
Adductor  brevis 
Obturator  extemus 
Adductor  magnus 
Adductor  magnus 
Semi  -membranosus 
(i)ogtaxiaD  \    Semi-tendinosus 
^^  ^  V|  Biceps,  long  head 

I  Quauratus      fcmorii 
and  superior  gem 
ellus 
Inferior       gemelhis 
and  obturator  in 
temus  . 
'  Plantaris  . 
Popliteus . 
Flexor   longus  digi 
torum   . 
I  Tibialis  posticus 
I  Flexor    longus    hal 
lucis 
Soleus 
'  Soleus 
Gastrocnemius  (each 
head)     . 
f\  Abductor  hallucis 

Flexor    bi-evis  digi 
j .       torum    . 

Flexor    brevis    hal 

lucis 
First  lumbricalis 
f   Secrmd,    thinl,    and 
fourth  lumbricaler* 
Flexor  accessor! us 
Adductores  halluris 
Interossei 
Flexor  brevis  minimi 

digiti    . 
Abductor       minimi 
digiti    . 


Inner  m\v 


Outt*r  si<le 
{p(t)tf  axial) 


Nenres. 


-  Obturator 


SpinalOiigis 

Preaxial      P*ittt 
Nerves.  Net 


\  Nerve  to 
I       strings 


ham- 


Sacral  plexus 


Tibial 


Posterior  tibial 


L.2.a 

L.  2.  a  4. 
L.3.  4. 

I  L.  4.  5.  S.  1. 
\  L.  5.  S.  1.  2. 
I      S.  1.  2.  a 

i  L.  4.  5.  S.  1. 


S.  1.  2.  a 
L.  4.  5.  S.  1. 
L.  5.  S.  1. 

L  6.  S.  1.  2 


Tibial 


-  Intenial  plantar  i 


S.  1.2 


L.  4.  6.  S.  L 


External  plantar 


S.  1.2 
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/L  Innervation  of  the  Mnscles  of  the  Limbs. — The  following  laws  appear  to  be  applicable 
he  upper  and  lower  limbs  alike : — 

I.  No  liinb-muscle  receives  its  nerve-supply  from  posterior  primary  divisions, 
I  Tke  dorsal  and  ventral  strata  of  muscles  are  always  supplied  by  the  correspondir^  dorsal  and 
ral  branches  of  the  nerves  concerned.  The  ventral  muscular  stratum  is  more  extermve  than  the 
al ;  the  ventral  nerves  are  the  more  numerous,  and  the  additional  nerves  are  postaxially  placed. 
spinal  nerves  supplying  muscles  of  the  upper  limb  are  C.  5,  6,  7,  8  (dorsal),  and  C.  5,  6,  7,  8, 
(ventral) ;  the  nerves  for  the  muscles  of  the  lower  limb  are  L.  2,  3,  4,  5,  S.  1,  2  (dorsal),  and 
,  3,  4,  5,  S.  1,  2,  3  (ventral). 

3.  The  dorsal  and  ventral  trunks  of  the  nerves  are  distributed  in  the  limb  in  a  continuous^ 
lental  manner ;  so  that,  "  of  two  muscles,  that  nearer  the  head  end  of  the  body  tends  to  be 
plied  by  the  higher  nerve,  and  that  nearer  the  tail  end  by  the  lower  nerve  "  (Herringham). 

4.  The  nerves  placed  most  centrally  in  the  plexus  extend  furthest  into  the  limb,  and  the  more 
ixial  nerves  terminate  sooner  in  the  limb  than  the  more  postaxial  nerves. 

Upper  Limb. 
Dorsal  Surface. 
Muscles  of  shoulder    .     C.  3,  4,  5,  6,  7,  8. 
„         arm    .        .     C.  6,  7,  8. 
„         forearm  C.  6,  7. 


Ventral  Surface. 

Muscles  of  chest      .  C.  5,  6,  7,  8,  T.  1. 

„         arm        .  C.  6,  6,  7. 

„         forearm  .  C.  6,  7,  8,  T.  1. 

„         hand       .  C.  6,  7,  8  (T.  1). 
Lower  Limb. 

Muscles  of  thigh      .  L.  2,  3,  4,  5,  S.  1, 

L.  2,  3,  4,  6,  S.  1,  2.  „         leg  .  L.  4,  5,  S.  1,  2. 

L.  4, 5,  S.  1.  „         foot         .  L.  5,  S.  1, 2. 


2,3. 


Muscles  of  thigh  and 

buttock    . 
Muscles  of  leg  and  foot 

The  only  exception  to  this  rule  is  on  the  ventral  (anterior)  surface  of  the  upper  arm,  where  a 
pression  of  the  muscle  elements  leads  to  an  absence  of  the  regular  series  of  segmental  nerves 
8,  T.  1)  on  its  postaxial  border.     These  nerves  reappear  in  the  forearm,  and  the  occasional 


ShonltUr 


D0R8AI.       SURFACE 
.d/Tit        Fartarm,      Hand. 


(/P^Sfr  L/MB 


Cheat 


VENTRAL    SURFACE 
.^mt         J*orearm 


Jffand 


C.3 

4 
5 


C5 
6 

7 

8 
T.I 


DORSAL 


SURFACE 


Foot 


L2 
3 

4 

5 

S.I 

2 


VENTRAL    SURFACE 
TTiigh  Zey 


Foof 


L.2 
3 
4 
5 

S.I 
2 
3 


T 


Fio.  516. — Scheme  of  the  segmental  distribution  of  the  muscular  nerves  of  the  upper  and  lower  limbs. 

illary  arches  '*'  may  l>e  regarded  as  the  muscular  elements  usually  suppressed,  and,  when 
K'ut,  supplied  by  these  nerves. 

Muscles  with  a  Double  Nerve-supply. — The  existence  of  more  than  one  nerve  to  a  muscle 
i<^t<*s  usually  that  the  muscle  is  composite  and  is  the  reja-esentative  of  originally  se])arate 
Qents,  belonging  to  more  than  one  segment  or  to  both  surfaces  of  the  limb.  In  the  case  of 
pectoralis  major,  subsca])ularis  and  flexor  profundus  digitorum,  adductor  magnus,  and  soleus, 
ts  of  the  same  (ventral  or  dorsal)  stratum  have  fused,  to  form  nin.scles  innervated  from  the 
•esponding  ventral  or  dorsal  nerves.  The  other  muscles  having  a  double  nerve-suj)j>ly — 
i-'hialis  anticus,  biceps  flexor  cruris,  and  (sometimes)  j)ectineus— are  examples  of  fusion  at  the 
axial  or  postaxial  border  of  muscular  elements  derived  from  the  dorsal  and  ventral  surfaces  of 
limb,  wliich  are  corresi)ondingly  innen^ated  by  branches  from  both  doi-sal  and  ventral  series  : 
the  V»rachialis  anticus  is  innervated  by  the  musculo-cutaneous  and  musculo-sjnral  nerve.s  ;  the 
?1)S  tk'xor  cruris,  by  the  peroneal  (short  liead)  and  tibial  (long  head)  nerves  ;  and  the  j>ectineuf», 
tlu^  anterior  crural  and  (sonietinn"s)  obturator  nerves. 

B.  Innervation  of  the  Skin  of  the  Limbs.-  -While  the  scheme  of  cutaneous  innervation  of 
hnibs  is  fundamentallv  segmental,  yet  the  arrangement  is  confused  and  complicated  by 
ions  causes.  The  growth  of  the  limb  from  the  trunk  has  cruised  the  skin  to  be  drawn  out 
T  it  like  a  stretched  sheet  of  india-rubber  (Herringham),  and  at  the  same  time  the  extent  of 
■  dorsal  area  of  the  limb  is  increased  at  the  expensi^  of  the  ventral  area.  The  central  nerves  of 
'  plexus  remain  buried  deeply  in  the  sul)stance  of  the  limb,  only  coming  to  the  surface  towai-ds 
'  periphery.     The  proximal  parts  of  both  surfaces  of  the  limb  thus  become  \iiii^x\\N\«\  \i^ 
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cutaneous  nerves  otherwise  not  necessarily  coneemed  in  the  innervation  of  the  limbs.  Hemne. 
liam  has  shown  that — (A)  Of  two  spots  on  the  shin^  that  nearer  the  preaxial  border  tends  k  t 
supplied  by  the  higher  nerve.  (B)  Of  two  spots  in  the  preaxial  area,  th€  tower  tends  to  he  suvplied  Ay 
the  lower  nerve ;  and  of  two  spots  in  the  postaxial  area,  the  lower  tends  to  be  supplied  bv  the  hi^ 
nerve.  In  otlier  woixis,  from  the  root  of  tlie  limb  down  the  preaxial  border  to  its  distal  extremity, 
and  uj)  the  iK)staxial  border  to  the  root  of  the  limb  again,  there  is  a  definite  numerical  eequen* 
of  spinal  neiTes  8uj)plying  skin  areas  through  ner\'es  of  the  limb-plexuses.  A  similar  nuiiitri«al 
sequence  in  the  arrangement  of  the  nerves  is  also  found  extending  over  the  dorsal  and  ventral 
surfaces  of  tlie  limbs  from  preaxial  to  iK)staxial  border,  exce})t  in  certain  situations. 

On  the  dorsal  and  ventral  surfaces  of  both  upi>er  and  lower  limbs  there  is  a  hiatus,  for  a 
certain  distance,  in  the  numerical  sequence  of  the  spinal  nerves  in  their  cutaneous  distrihutira, 
explicable  on  tlie  ground  that  the  central  nerves  of  tiie  plexus,  which  fail  to  reach  the  surface  in 
these  situations,  are  replaced  by  cutaneous  branches  from  neighbouring  nerves.  This  hiatus  hu 
been  name<l  the  axial  area  or  line. 

In  the  upper  limb,  th^  dorsal  axial  area  or  line  extends  from  the  middle  line  of  tht*  back, 
oj>j)OHite  the  vertebra  2)rominens,  to  the  insertion  of  the  deltoid. 

77i«  ventral  axial  area  or  line  extends  anteriorly  from  the  middle  line  of  the  truuk,  at  the 
manubrio-stenial  joint,  across  the  cliest,  down  the  fi*ont  of  the  arm  and  forearm  to  the  wri^t 

In  the  lower  limb,  tht  dorsal  axial  area  or  line  may  be  traaxl  from  the  middle  line  of  tbc 
back  over  the  posterior  su]>erior  iliac  sjjine,  acrass  the  buttock  and  thigh,  to  the  head  of  the 
fibula. 

A  ventral  axial  area  or  line  cAii  also  be  traced  from  the  root  of  the  penis  along  the  inner  Mt 
of  the  thigh  and  knee,  and  down  the  back  of  the  leg  to  the  heel. 

These  areas  or  linea  represent  the  meeting-jdace  and  overlapping  of  nerves,  which  are  not  in 
numerical  sequence  ;  and  it  is  oidy  at  the  peripheral  parts  of  the  limbs,  on  the  dorsal  and  ventral 
surfacei*,  that  the  nerves  appear  in  numerical  sequence  from  the  ])reaxial  to  the  postaxial  bonier. 
In  the  case  of  the  ui)per  limb  the  liiatus  is  cimsed,  in  l)oth  surfaces  of  the  limb,  bv  the  alwenceuf 
cutaneous  branches  ol  the  seventh  cervical  nerve  ;  in  the  case  of  the  lower  limb  tlie  hiatos  is  doe 
to  the  absence  of  branches  from  the  fifth  lumbar  nerv^e  on  l>oth  surfaces  of  the  limb,  and  the 
absence  of  l)raiiches  from  the  fourth  lumbar  nerve,  in  addition,  on  the  dorsal  surface. 

Undei-standing  the  significance  of  these  dorsal  and  ventral  axial  areas  or  lines,  and  at  the 
same  time  l)earing  in  mind  the  overlapi>ing  wliich  occurs  in  the  cutaneous  distribution  of  each 
spinal  nerve,  the  areiis  of  skin  supplied  through  the  limb-])lexuse,<  can  be  mapi>ed  out  with  cm- 
siderable  precision,  as  indicated  in  the  following  tables  : — 

A.  Upper  Limb. 
Cutaneous  Distribution. 


Nerves. 


Spinal  Origin. 


Preaxial  border 

from  neck  to 

baud 


!  f  Dorsum  | 

Hand  J  ( 

I  Palm      J 


l)igit,s 


Postaxial  border 

from  hand  to 

chest 

t 


Supraclavicular  nerves  C.  3.  4. 

Circumflex  .         .         .  ,  C.  5.  6. 

Musculo-spiral    (upper  '  C.  (5)."  6. 

external)  i 

Musculo-spiral    (lower  I  C.  6.  7.  8. 

external)  ! 

Musculo-cutaneous       .  '  C  5.  6. 


Radial 

Ulnar  . 

Musculo-cutaneous 

Median 

Ulnar  . 


Median 
Ulnar 


Internal  cutaneous 


C.  6.  7. 

c.  a 

C.  5.  6. 

C.  6.  7. 

T.  1. 


C.  6.  7.  8.  T. 
C.  8.  T.  1. 


C.  8.  T.  1. 


Musculo-spiral    (inter-  C.  8. 

nal)  ! 

Lesser  internal  cutane-  T.  1. 

ous  ! 

Intercosto-humeral  T.  ± 

Intercosto-humeral      .  I  T.  2. 

Third  intercostal         .  T.  3. 

Fourth        „        .        .  T.  4. 


I  Distribution. 

I  Chest,  shoulder,    deltoid,  and 
I       scapular  regions. 
I  Deltoid  region,  outer  side  of  arm. 
I  Outer  side  and  back  of  arm  and 
I       forearm.  * 

I  Outer  side  and  back  of  elbow 

and  forearm. 
j  Outer  side  of  forearm,  in  fron* 

and  Ixihind. 

I  Ball  of  thumb. 

Thumb  C.  6.  7. 

Fii-st  finger,  C.  6.  7.  a 
Second   „      C.  7.  a  T.  1. 
Third     „      C.  a  T.  1. 
Fourth   „   \fp  1 
Fifth      „   S^'  *• 
Inner  side  of  forearm,  in  kovX 
and  l)ehind. 


Inner  side  of  arm. 


Axillary  folds. 
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'    B.  Lower  Limb. 

Cutaneous  Distribution. 


Nenret. 

Spixial  Origin. 

Distribution. 

1  Iliac  branch  of  twelfth 

T.  12. 

Outer  side  of  buttock- 

1       thoracic 

I  Iliac    branch   of   ilio- 

L,  1. 

Outer  side  of  buttock- 

1      hypogastric 

1  Ilio-mguinal 

L.  1. 

Groin  and  over  Scarpa's  triangle. 

1  border 

Qenito-crural 

L.  1.  2. 

Front  of  thigh,  upper  third. 
Front  and  outer  side  of  thigh. 

link  to   • 

External  cutaneous 

L.  2.  3. 

ot 

Anterior  crural  (middle 

L.  2.  a 

Front  and  inner  side  of  thigh, 

\ 

and  internal) 

lower  two-thirds. 

Obturator    . 

L,  2.  3.  (4). 

Inner    side    of   thigh,   middle 
third. 

Anterior  crural  (inter- 

L,  3.  4. 

Knee  and  leg,  inner  side  and 

.       nal  saphenous) 

front 

Internal  saphenous      . 
Anterior  tibial     . 

L,  a  4. 

Inner  side  of  foot 

L.  4.  5.  S.  (1). 

Interval     between     first    and 

Dorsum  . 

second  toes. 

Musculo-cutaneous 

L.  4.  5.  S.  1. 

Dorsum  of  foot  and  toes. 

External  saphenous     . 

S.  1.  (2). 

Outer  side  of  foot 

r    Internal  plantar 
1  External  plantar 

L.  4.  5.  S.  1. 

Inner  part                \ 

5ole 

S.  1.  2. 

Outer  part                 j-of  sole. 

1  Posterior    tibial    (cal- 
canean) 

S.  1.  2. 

Heel  and  back  part  J 

Great  toe,    L.  4.  6.  S.  1. 

.  - 

Internal  and  external 
plantar 

L.  4.  6.  S.  1. 
S.  1.  2. 

Second  toe,  L.  4.  6.  S.  1. 
Third      „    L.  5.  S.  1. 
Fourth    „    L,  5.  S.  1.  2. 

c' 

Fifth       „    S.  1.  2. 

:  External  saphenous 

S.  1.  (2). 

Outer  side  of  foot  and  leg,  lower 

al  border 

third. 

foot  to    • 

Small  sciatic 

s.  1.  2.  a 

Back  of  leg,  thigh,  and  buttock. 
Buttock  (fold  of  nates,   inner 

cyx 

Perforating  cutaneous . 

s.  2.  a 

f 

half). 

Sacro-coccygeal    . 

S.  4.  5.  Co.  1. 

Anal  fold. 

Variations  in  the  Position  of  the  Limb-plexuses. 

different  kinds  of  variations  occur  in  relation  to  the  limb-nerves. 

idividual  variations,  in  both  the  extent  of  origin  and  in  the  area  of  distribution  of  a 
•rve^  are  not  uncommon  ;  these  variations  are  usually  concomitant  with  compensatory 
IS  in  adjacent  nerves*,  and  are  due  to  the  fibres  oi  a  given  spinal  nerve  taking  an 
1  course  in  the  trunk  of  another  nerve  of  distribution  and  effecting  a  communication 

proi>er  nerve  perij)herally.  In  this  way  the  variations  in  the  origin  and  distribution 
[itercosto-humeral  nerve  may  be  explained ;  and,  similarly,  the  ulnar  nerve  may  have 
its  fibres  carried  as  far  as  the  forearm  incorporated  with  the  median  and  transferred  to 
ommuuication  between  tlie  two  nerves  in  that  region. 

'ariations  in  the  limb-plexus,  in  relation  to  the  vertebral  column,  are  the  chief  cause  of 
18  in  the  constitution  of  tlie  limb-nerves.  Tliese  variations  affect  more  or  less  the  whole 
nerves?  in  the  plexus. 

brachial  plexus  is  subject  only  to  very  slight  variation  in  position  and  arrangement 
be  reinforced  at  the  upper  end  by  a  slender  trunk  from  the  fourth  cervical  nerve,  and, 
iouently,  by  an  intra -thoracic  communication  between   the  second  and   first  thoracic 

The  presence  of  one  or  other  of  these  nerves  is  an  indication  of  a  slight  tendency 
a  cephalic  or  caudal  shifting  of  the  whole  plexus  in  relation  to  the  spinal  coixl.  It  is, 
,  never  sufficient  to  cause  the  exclusion  to  any  extent  of  the  nerves  normally  implicated, 
jpnce  of  a  cervical  rib  may  coincide  with  little  or  no  change  in  the  relation  of  the  nerves, 
the  inclusion  of  the  second  thoracic  nerve  in  the  plexus  may  be,  as  already  stated, 
m  individual  variation,  a  cliange  m  the  j)ath  to  the  limb  of  the  intercosto-hiimeral 
Concomitant  variations  occur  among  gi-oups  of  nerves,  however,  which  indicate  a  certain 
'  to  variation  in  the  j>osition  of  the  whole  plexus.  At  one  end,  the  supiascapular  and 
-cutaneous  nerves  may  arise  from  the  fourth  and  fifth,  fiftli  alone,  or  fifth  and  sixth 
nerves.  At  the  other  end  of  the  plexus,  the  musculo-spiral  may  or  may  not  receive  a 
u  the  first  tlioracic  nerve,  and  this  addition  is  rather  more  likely  to  occur  wlien  the 
lioracic  nerve  is  implicated  in  the  i)lexus. 

lombo-sacral  plexus  shows  a  very  considerable  variability  in  position  and  constitution, 
tcoitls  concomitant  variations  in  the  ])lexus  in  18  per  cent  of  the  ca»ea  exaiiiv\\iie*i\i^  Vvca^ 
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The  variations  occur  witliin  wide  limits.  The  plexus  may  begin  at  the  eleventh  or  twelftli 
tlioracic  or  fii-st  lumbar  nerve.  The  last  nerve  in  the  givAt  sciatic  cord  may  be  the  second,  thini 
or  fourth  sacral  nei-ve.  The  position  of  the  n.  furcalis  is  a  ^de  to  the  arrangement  of  the 
j)lexus.  It  may  be  formed  by  the  third,  third  and  fourtli,  tourth,  fourth  and  fifth,  or^tifth 
lumbar  nerves.     The  resulting  variations  are  illustrat^l  by  the  following  extreme  cases  :— 

(1)  Prefixed  Variety.  (2)  PoHjixed  Variety. 
Nervus  fui"calis                               L.  3  and  4  (double).  L.  6. 

Obturator     ....         L.  1,  2,  3.  L.  2,  3,  4,  5. 

Anterior  crural     .  T.  12,  L.  1,  2,  3,  4.  L.  2,  3,  4,  5. 

Tibial L.  3,  4,  5,  S.  1,  2.  L.  6,  S.  1,  2,  3,  4. 

Peroneal  L.  3,  4,  5,  S.  1.  L.  5,  S.  1,  2,  3 

Those  variations  in  the  constitution  of  the  lumbo-saci-al  plexus  are  most  numerous  wliidi 
are  due  to  the  inclusion  of  nerves  more  caudally  plac<?d.  Thus,  out  of  twenty-two  variations 
in  the  position  of  the  n.  furcalis^  in  nineteen  Eisler  found  it  formed  by  the  fifth  lumbar  nerre; 
in  two  cases  only,  by  the  third  lumbar  nerve.  There  is  further  evidence  that  variations  in  the 
position  of  the  plexus  are  accomi)anied  by  vaiiations  in  the  vertebral  column  itself.  OutoftLe 
twenty -two  abnormal  plexuses  examinexl  by  Eisler,  sixteen  were  coincident  with  abnonnal 
arrangement  of  the  associated  vertel)r(e. 

Significance  of  the  Limb-plexuses. 

From  the  above  considerations,  it  is  obvious  that  something  more  than  convenience  of  tran.'^it 
for  the  si>inal  nerves  to  skin  and  muscles  is  secured  by  the  formation  of  the  limb-plexuflee.  It 
has  been  shown  that  by  their  combinations  in  the  plexuses,  every  spot  or  area  of  skin  in  the 
limbs  is  innervated  by  more  than  one  sjunal  nerve ;  and  generally,  also,  each  limb-miude  is 
supplied  by  more  than  one  spinal  nerve.  Each  cutaneous  area  and  each  limb -muscle  is  thos 
brought  into  relationship  with  a  wider  area  of  the  spinal  cord  than  would  occur  if  the 
plexuses  were  non-existent.  A  simultaneous  record  of  sensation  is  thus  transmitted  from  any 
given  point  on  the  surface  of  the  limb  through  more  than  one  dorsal  root ;  and  a  more  ready 
co-ordination  of  muscular  movement  is  brought  about  by  the  transmission  of  motor  impolses 
from  the  ventral  root  of  a  given  spinal  nerve  to  more  than  one  muscle  at  the  same  time.  In  a 
word,  a  plexus  exists  to  supply  the  whole  limb  and  the  limb  as  a  whole,  as  an  organ  which  baa 
its  different  active  parts  connected  with  the  central  nervous  system  by  means  of  the  limb-plexus- 


THE  CRANIAL  NERVES. 

The  series  of  cranial  nerves  is  arranged  in  twelve  pairs,  which  present  strikirrrr 
differences  in  origin,  in  distribution,  and  in  functions. 


Number. , 


Name. 


I.  Olfactory    . 

II.  Optic    . 

III.  Oculo-motor 

I 

IV.  ;  Trochlear 

-  V.  j  Trigeminal 

VI.  Abducent 


VII. 

VIII. 

IX. 
X. 

XI. 


Facial  . 
Auditory 


Function. 


Smell 

Sight  .        . 

Motor  to  the  muscles  of  eyeball  and 

orbit 
'  Motor  to  superior  oblique  muscle  of 

eyeball 
Sensory  to  face,  tongue,  and  teeth  ; 

motor  to  muscles  of  mastication 
Motor  to  external  rectuj*  muscle  of 

eyeball 
Motor  to  muscles  of  scalp  and  face, 

sensory  to  tongue 
Hearing  and  eqmlibrium 


Glosso-pharyngeal  Sensory  to  tongue  and  pharynx 
Pneumogastoic    .  |  Sensory  to  pharynx,  oesophagus  and 

stomach,  and  respiratory  organs 
Spinal  accessory  i  (a)  Accessory  to  vagus.— Motor  to 
muscles  of  palate,  pharynx,  oeso- 
phagus, stomach  and  intestines, 
and  respiratory  organs ;  inhibitory 
for  heart 
(6)  Spinal  part :  motor  to  trapezius 

and  stemo-mastoid  muscles 
Motor  to  muscles  of  the  tongue 


XII.  I  Hypoglossal 


Superficial  Attachmtnt 
to  Brain. 


Olfactory  bulb. 
Optic  thalamus. 
Crus  cerebri 

Superior      medullary 

velum. 
Pons  Varolii. 

Junction  of  jx>ns  and 

medulla. 
Posterior     border    of 

pons  VaroHL 
Posterior     border    of 

pons  VaroHi 
Medulla  oblongata. 
Medulla  oblongata. 

Medulla  oblongata 


Spinal  cord. 
Medulla  oblongata 


THE  FIRST  OR  OLFACTORY  NERVE. 
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The  deep  cerebral  connexions  of  the  cranial  nerves  are  dealt  with  in  the 
ction  which  treats  of  the  Brain  (pp.  514  and  540).  Certain  general  points  in 
nnexion  with  these  nerves  are  also  touched  upon  in  the  chapter  introductory  to 
e  Xervous  System  (p.  443). 


The  First  ok  Olfactory  Nerve. 

Tlie  olfactory  nerve  (n.  olfactorius)  consists  of  several  parts  :  (1)  a  series  of  fine 
>rve8,  which  arise  from  (2)  the  olfactory  bulb.     This  again  is  connected  by  (3) 


Olfaclorj'  bJilti 


t")lfactor>-  trtt't^ 


aclory  tnbwel* 
-u  optic  jirrvt 
Optic  chiititnm 

tilo-motor  TiMTr(^ 
Tn)chlear  finv 

'riK«"inal  h-tv 
AUlnc«^.  Ti.  r  . 

"7  Facial  ii'-r  ■■ 
farHinienjii'ln 

Auditory  n.iv- 


CUrfti^torjr  l>uUi 


Broca's  arf'& 

Olfictflry  t8it»i!rcl« 
M^iHtfil  nwJt  of  y]  factory 
liiefvt* 

[^t^i^l  rfMJt 

Opljc!  rbJJisiiHi 

Ant-  pt^rramted  siiot 

■T&iDporal  IuImj  (cnt) 
ptlt3  tmct 

*"iculo-moUKr  nerve 

TrijukJHiir  u^ry*' 
TuL'iiJii  A«Jt!ticlrcnlari8 
-Trj^erhinal  rt+'i  ve 
Ext.  ^fniiuHstc  b«)dy 

IiiL  tipfiSculrtt*^  liody 
PiiJviitar 
Fuelnt  nflrviJ 
r^rfi  Intt^nriwlia 
AudUury  in'rv<? 

y[h\.  i***jv{ifUaT  ii'Hfluiicle 
lo8M>-plisir5*ngiP!iil  nerve 

Spinal  aci'+^'iury  nerve 

!ipf!m1  at?[:efliOry  nerve 

'iipiiial} 

^  -eipttftl  lobe  Cent) 


SpLnjtl  accftSjiory  nervff  tfljcp^awry) 
Spina]  act!e«s(ir7  th^tt*  (spinal) 


yr»oglck^isftl  nerve 
Spinal  citrd 
Yermiii  of  cnreboUum  (eut) 


Fig.  517. — Vibw  ok  the  Undbu  Surface  of  the  Brain. 

^^itll  llie  lower  i)ortioii  of  the  temporal  ami  bccipital  lol>e8,  and  the  cerebellum  on  the  left  side  removed, 

to  show  the  origins  of  the  cranial  nerves. 

le  olfiEustory  tract  with  the  brain,  to  which  it  is  attached  by  (4)  two  roots  (Fi^.  517). 

The  anatomy  of  the  roots,  tract,  and  l)ulb  of  the  olfactory  nerve  are  described 
sewhere  (pp.  oG9  and  587). 

The  olfactory  nerves,  about  twentyin  number,  arise  from  the  under  surface  of 
^e  olfactory  bulb.  The  fibres  are  non-medullated.  Piercing  the  cribriform  plate 
f  the  ethmoid  bone,  enveloped  in  shcfiths  of  dura  mater,  they  are  distributed  in 
heiia.sal  cavity  as  the  nerves  of  smell.  The  fibres  form  tine  plexuses  over  a  limited 
rea  on  the  upper  portion  of  the  nasal  septum,  and  to  even  a  less  extent  over  the 
'liter  wall  of  the  nose. 

The  Second  ok  Optic  Nerve. 

The  optic  nerve  (n.  opticus)  arises  from  the  l)rain  liy  means  of  the  optic  tract 
^^g.  551).     This  takes  ori^'in  from  the  external  and  internal  geniculate  \y^4isse>, 


676 


THE  NERVOUS  SYSTEM. 


situated  on  the  under  surface  of  the  optic  thalamus  at  its  posterior  end,  and  also 
from  the  brachium  of  the  upper  of  the  two  corpora  quadrigemina  {vide  pp.  532 
and  551).     The  optic  tract  reaches  the  base  of  the  brain  after  sweeping  round 


Fio.  518. — Innervation  op  thb  Nasal  Cavity. 

between  the  crus  cerebri  and  the  hippocampal  convolution  of  the  temporal  lot>d 
The  two  optic  tracts  converge  in  front  of  the  inter-peduncular  space,  internal  to 
the  anterior  perforated  spot  and  the  termination  of  the  internal  carotid  arteij; 

and  unite  to  form  the  optic  chiasma  or 
commissure.  This  adheres  to  the  under 
surface  of  the  floor  of  the  third  ventricle  in 
front  of  the  tuber  cinereum,  and  gives 
rise  at  each  end  to  the  optic  nerve.  The 
optic  nerve,  directed  outwards  and  for- 
ward, pierces  the  dura  mater,  and  passes 
from  the  cranial  cavity  into  the  orbit 
through  the  optic  foramen  in  company  with 
the  ophthalmic  artery.  In  the  orbit  the 
nerve  is  imbedded  in  the  fat  behind  the 
eyeball,  and  is  surrounded  by  the  ocular 
muscles.  It  is  connected  with  the  globe  of 
the  eye  at  a  point  one-eighth  of  an  indi 
on  the  inner  side  of  the  axis  of  the  eyeball 
After  piercing  the  fibrous  and  vascular  coats, 
the  nerve  spreads  out  at  the  optic  diac  to 
form  the  innermost  layer  of  the  wtina. 
In  the  orbit  the  nerve  is  crossed  by  the 
ophthalmic  artery  and  the  nasal  nerve,  and 
nearer  to  its  termination  it  is  surrounded 
by  the  ciliary  vessels  and  nerves,  and  by 
the  capsule  of  Tenon.  It  is  pierced  ob- 
liquely on  its  under  surface  by  the  central 
artery  of  the  retina. 

Decussation  in  the  Optic  Clommissiire.-lp 

the  optic  commissure  the  fibres  of  the  two  optJC 
tracts  separate,  the  inner  half  of  each  tract  d^- 
oussating  to  form  the  mesial  half  of  the  oppofiite 
optic  nerve.  The  other,  outer  half  of  each  tract, 
continues  its  course  to  form  the  outer  half  of  the 
optic  nerve  on  the  same  side.  At  the  back  ^f 
the  commissure  another  bundle  of  fibres  is  found 

passing  from  tract  to  tract  behind  the  decussating  fibres,  and  knovm  as  G-udden's  cominiiW* 

(see  p.  562). 

The  Third  or  Oculo-motor  Nerve. 
The  oculo-motor  nerve  (n.  oculo-motorius)  arises  from  the  brain,  in  the  region 
of  the  posterior  perforated  spot,  by  several  radicles  emerging  from  the  ocnlo-aw**^ 


Fig.  519. — Diagram  ok  the  Central  Comnbxions 
OF  THE  Optic  Nerve  and  Optic  Tract. 


THE  THIRD  OR  OCULO-MOTOR  NERVE. 
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ma,  on  the  inner  side  of  the  crus  cerebri,  just  in  front  of  the  pons  Varolii  (Fig. 
'').  Passing  forwards  between  the  posterior  cerebral  and  superior  cerebellar 
eries,  the  nerve  pierces  the  dura  mater  on  the  outer  side  of  the  posterior  clinoid 
)ce8s,  in  a  small  triangular  space  between  the  free  and  attached  borders  of  the 
itorium  cerebelli.  Beneath  the  dura  mater  the  nerve  courses  through  the  outer 
.11  of  the  cavernous  sinus,  and  enters  the  orbit  through  the  sphenoidal  fissure 
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Fio.  520. — Relations  of  Struotubes  in  the  Cavernous  Sinus  and  Sphenoidal  Fissure. 


d  between  the  two  heads  of  the  external  rectus  muscle.     As  it  enters  the  orbit 
divides  into  upper  and  lower  branches,  separated  by  the  nasal  nerve. 

Branches. — The  superior  branch  of  the  nerve  supplies  two  muscles  of  the  orbit 
the  superior  rectus  and  the  levator  palpebrse  superioris. 

The  inferior  branch 
ases  forwards,  and  after 
ring  branches  to  the 
:emal  and  inferior  recti, 
ds  in  the  inferior  oblique 
iscle.  The  short  root  of 
B  ciliary  ganglion  arises 
>m  the  terminal  branch 
lich  goes  to  the  last- 
med  muscle. 


optic  thalamus 


Corpora 
qaAdrigpmlnu 


Ili-ocLlA  conjunctiva 
ourtU  nerve 
^Fillet 


Frenulniij  vi?Ii       / 
fcjuperior  medallary  vflum  ' 


Superior  peduncle  of 

cerebellum 

Crue  cerebri 

Lingtila 


Oommonications. — 1.  In 
e  cavernous  sinus  the  third 
rve  communicates  with  the 
vemous  plexus  on  the  in- 
mal  carotid  artery.  2.  In 
e  cavernous  sinus  it  also 
ceives  a  slender  communi- 
tion  from  the  ophthalmic 
vision  of  the  fifth  nerve.  3.  The  short  root  of  the  ciliary  ganglion  passes  upwards 
om  the  branch  of  the  nerve  wliich  supplies  the  inferior  oblique  muscle. 


Fio.  521.- 


-DoRSAL  Surface  of  the  Mrn-BRAIN,  to  show  tlie  orlKin 
of  the  trochlear  (fourth)  uerve. 


The  Fourth  or  Trochlear  Nervk. 

The  trochlear  nerve  (n.  trochlearis  or  patheticus)  emerges  from  the  dorsal 
irface  of  the  mid-brain.  It  springs  at  the  side  of  the  frenulum  from  the 
iterior  end  of  the  superior  medullary  velum,  just  behind  the  corpora  quadri- 
'mina  (for  deep  origin,  see  p.  540).  It  is  extremely  slender,  and  of  consider- 
>le  length.  Passing  round  the  crus  cerebri,  the  nerve  appears  in  the  baee  of 
e  brain  behind  the  optic  tract,  in  the  interval  between  the  crus  cerebri  internally 
i  the  temporal  lobe  of  the  cerebrum  externally.  Continued  forwards  to  the  base 
the  skull,  it  pierces  the  free  border  of  the  tentorium  cerebelli,  on  the  owt^x  ^vv^a 
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of  tlie  third  nerve,  and  proneeds  forwards  in  the  outer  wall  of  the  caverDOUii  niinii, 
to  tlie  s]:iheDoidsil  fissure  lyin^^  between  the  third  and  ophthalmic  n©rr«L  It 
ttntors  the  orbit  fi!>uve  the  muecles  of  the  eyehali  and  tornijoates  in  thr  oM\a\ 
(ftU[>erior)  surface  of  the  superior  oblique  miiscle. 

Commu n i cationB. — lu   the  cavernous  sinus  Uie  nerve  roceivee  (1)  ^  communioniii;! 
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Fill*  ivirviiri  (oai) 
Fju*  522*  — Thk  BAfrE  *jf  THI  Skull,  to  tliow  the  dura  mntAfU  ktmjwn,  ancri^^*-   ^"<l  h<?mw 

branch  fmm  the  eavernoufc*  or  oarotid  plexus  on  the  uiterual  uarutid  arten't  m^  s^} ' 
ttleuder  filauieut  from  the  opljilialtnic  diviHiou  of  the  fifth  nerve. 

Tns  Fifth,  Trigemi}*al  or  Trifacial  Kervk, 

The  trigemimi!  nerre  (u.  trii^'einunis)  n  risen  from  the  surface  of  the  i]»ons'Vari>Hi 
its  outer  part  by  two  roots,  a  huge  sensory  root  (i>ort]ii  major)  autl  a  mnM  motor  i 
(portio  niiuor)  (Fig.  617.  j*-  675 J,     The  two  roots  iirocoed  f*>rwjinlM  in 
foasa  of  the  base  of  the  s^kiiU,  aud  piercing  the  dura  mater  benejtth  th< 
of  the  tentorium  cerebelli  to  the  superior  border  nf  the  petrous  portion  of  h^ 
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imporal  bone,  enter  a  cavity  in  the  dura  mater  (cavum  Meckelii)  over  the  apex  of 
le  petrous  bone.  The  large  sensory  root  gradually  conceals  the  small  motor  root 
1  its  course  forwards,  and  expands  beneath  the  dura  mater  into  a  large  flattened 
anglion, — the  GkuMerian  ganglion  (ganglion  semilunare).  This  ganglion  occupies 
n  impression  on  the  apex  of  the  petrous  portion  of  the  temporal  bone,  and  from  it 
bree  large  trunksarise— theophthalmic 
r  first,  the  superior  maxillary  or  second, 
nd  the  inferior  maxillary  or  third 
ivisions  of  the  nerve.  The  small 
lotor  root  of  the  nerve  passes  forward 
eneath  the  Gasserian  ganglion,  and  is 
rhoUy  incorporated  with  the  inferior 
laxillary  division  of  the  nerve. 

Ophthalmic  Division  (n.  ophthal- 
licus). — The  ophthalmic  nerve  passes 
jrwards  to  the  orbit  through  the  middle 
)ssa  of  the  base  of  the  skull,  beneath 
iie  dura  mater.  It  lies  in  the  outer 
'all  of  the  cavernous  sinus,  at  a  lower 
3vel  than  the  fourth  nerve,  and  reaches 
he  orbit  through  the  sphenoidal  fissure 
Fig.  520). 

In  the  toall  of  the  cavernous  sinus  the 
phtbalmic  nerve  gives  off  (1)  a  small 
ecurrent  branch  to  the  dura  mater  (n. 
entx)rii),  (2)  communicating  branches  to 
he  cavernous  plexus  of  the  sympathetic 
n  the  internal  carotid  artery,  and  (3) 
mall  communicating  twigs  to  the  trunks 
f  the  third,  fourth,  and  sixth  nerves. 

In  the  sphenoidal  fissure  the  nerve 
Lvides  into  three  main  branches — 
Lchrymal,  frontal,  and  nasal  (Fig.  524). 

The  lachrymal  nerve  (n.lacrj'malis) 
[Iters  the  orbit  through  the  outer  angle 
r  the  sphenoidal  fissure,  above  the 
rbital  muscles.  Passing  forwards  be- 
t^ath  the  periosteum  to  the  anterior 
art  of  the  orbit,  the  nerve  ends  by 
upplying  l>ranche8  (a)  to  the  lachrymal 
;land,  (h)  to  the  conjunctiva,  and  (c) 
o  the  skin  of  the  outer  canthus  of 
•he  eye. 

The  lachrymal  nerve  communicatee  in  the 
>rl»it  with  the  orVjital  branch  of  tlie  nuperior 
maxillary  nerve,  and  on  the  face,  by  its 
of  the  facial  nerve  (Fig.  623). 


Fia.  523. — Distribution  of  Sensory  Nerves  to  the 
Head  and  Neck. 

Ophth,  Ophthalmic  division  of  the  fifth  nerve  ;  St,  Supra- 
troclilear  branch  ;  S.O,  Supra  -  orbital  branch  ;  I.T, 
Infra- trochlear  branch  ;  L,  I^achrymal  branch  ;  N, 
External  nasal  branch  ;  Sup.Max,  Superior  maxillary 
division  ;  T,  Temporal  branch ;  M,  Mahir  branch  ; 
I.O,  Infra-orbital  brafich  ;  Inf.Max,  Inferior  maxillary 
division  ;  A.T,  Auriculo- temporal  branch  ;  B,  Buccal 
branch  ;  M,  Mental  branch  ;  02,  3,  Branches  of  the 
second  and  tliird  cervical  nerves ;  (i.O,  Great  occipital 
nerve ;  S.O,  Small  occipital  nerve ;  G.A,  Great 
auricular  nerve  ;  S.C,  Sui)erficial  cervical  nerve  ;  C3, 
Least  occipital  nerve  :  4,  5,  6,  Posterior  primary 
division  of  4th,  5th,  and  6th  cervical  nerves. 

terminal    branches,   with    the   tem])oral    branches 


The  frontal  nerve  (n.  frontalis),  entering  the  orbital  cavity  through  the 
S]>henoidal  fissure,  courses  forwards  aliove  the  ocular  muscles,  and  divides  at  a 
variable  point  into  two  branches — a  larger  aupra-orbital  and  a  smaller  8U])ra- 
t'r(X:hh'ar  nerve.  The  supra-orbital  nerve  (n.  8U|)ra-orbitalia)  passes  diroctly  forwards, 
••^ihI  leaves  the  orbit  through  the  supra-orbital  groove  or  foramen  to  reach  the  fore- 
liead.  It  gives  off  the  following  secondary  branches:  (1)  the  principal  branches 
'rr.  frontales)  are  distributed  to  the  forehead  and  scalp,  reaching  backwards  as  far 
^9  the  vertt»x  ;  (2)  small  liranches  sup])ly  tlie  ux)per  eyelid;  and  (:5)  twigs  are 
•distributed  to  the  frontal  sinus.  On  the  forehead  the  suj)ra-orbital  nerve  com- 
"iunicates  with  the  temporal  branches  of  the  facial  nerve.  The  supra-trochlear 
aerve  (n.  supra- trochlearis)  courses  obliquely  forwards  and  inwards  over  the  t^wAssvv 
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of  the  superior  oblique  muscle  to  reach  the  inner  side  of  the  supra-orbital  arch. 
Leaving  the  cavity  of  the  orbit,  the  nerve  is  distributed  to  the  skin  of  the  mesial 
part  of  the  forehead,  the  root  of  the  nose,  and  the  inner  canthus  of  the  eye. 

It  cmnmunicaUs  with  the  infra-trochlear  branch  of  the  uasal  nerve,  either  before  or 
after  leaving  the  orbital  cavity. 

The  nasal  nerve  (n.  naso-ciliaris)  enters  the  orbit  through  the  sphenoidal 
fissure,  between  the  heads  of  the  external  rectus  muscle,  and  between  the  two 
divisions  of  the  third  nerve  (Fig.  520,  p.  677).  It  crosses  the  orbital  cavity 
obliquely  to  reach  the  anterior  ethmoidal  foramen,  lying  in  its  course  below  the 
superior  rectus  and  superior  oblique  muscles,  and  above  the  optic  nerve  and  internal 
rectus  muscle.  The  nerve  is  transmitted  through  the  anterior  ethmoidal  foramen 
into  the  cranial  cavity,  where  it  lies  on  the  cribriform  plate  of  the  ethmoid  bone. 

It  enters  the  nasal  cavity 
through  the  nasal  fissure,  and 
terminates  by  dividing  into 
internal  andextemalbranche& 
The  internal  division  supplies 
the  mucous  membrane  over  the 
upper  and  anterior  part  of  the 
nasal  septum  (rr.  mediales) 
The  external  branch,  after 
supplying  collateral  offsets  to 
the  outer  wall  of  the  nose  (rr. 
laterales),  finally  appears  on 
the  face  between  the  nasal 
bone  and  lateral  cartilage,  and 
supplies  branches  to  the  skin 
of  the  lower  part  and  tip  of 
the  nose. 

The  branches  of  the  nasal 
nerve    may   be    divided  into 
three  sets,  arising  (a)  in  the 
orbit,  (J)  in  the  nose,  and  {c) 
on  the  face. 

In  the  arbit  the  branched 
are  given  off  in  three  situa-^ 
tions — external  to,  over,  an^ 
internal   to   the  optic  nerv^^ 
(a)  As   the  nasal   nerve  lieps^ 


))raiich  :  L,  Branch  to  eyelids  and  faoe. 


Fig.  524. — Scheme  ok  the  Distribution  of  the  Ophthalmic 
Ner>'e. 

Vs,  Trigeminal  nerve,  afferent  root ;  Mo,  Efferent  root ;  G.G,  Gasserian 
ganglion  ;  M,  Meningeal  branch  ;  I.C,  Branch  to  internal  carotid 
artery  :  Oph,  Ophthalmic  nerve  ;  S.M,  Superior  maxillary  nen-e  ; 
I.  M,  Inferior  maxillary  nerve  ;  III,  Communication  to  oculo- 
motor nerve  ;  IV,  To  trochlear  nerve  ;  VI,  To  aMucent  nerve. 
Frontal  nerve  ;  f.s,  Branches  to  frontal  sinus  ;  S.o,  Supra-orbital 
nerve  ;  S.t,  Supra-trochlear  nerve ;  L,  Branches  to  upper  eyelid. 
Nasal  nerve  ;  L.G,  Long  root  to  lenticular  ganglion  ;  Sy,  Root 
from  sympathetic  (on  carotid  artery) ;  III,  Short  root  from  motor 
oculi  nerve  ;  C,  Short  ciliary  branches  :  L.C,  Long  ciliary  nerves  ; 
I.T,    Infra-trochlear   nerve ;   B.N,   External,   and    I.N,    Internal 

nasal  nerves.     Lachrymal  nerve  ;  0,  Orbital  branch  of  superior    external    tO    the    Optic   nerv^^  "^ 
maxillary    nerve;    L.G1,    Lachrymal    gland;    C,    Conjunctival    it  gives  oft*  the  long  rOOt  of  th^ 

ciliary  ganglion  (radix  longa^r-^ 
(h)  As  it  crosses  the  optic  nerve  two  long  ciliary  branches  (nn.  ciliaris  longi)  aris^  ^^ 
and  pass  forwards  alongside  the  optic  nerve  to  the  eyeball,  (c)  On  the  inner  sid^^ 
of  tlie  optic  nerve  the  infira-trochlear  nerve  (n.  infra- trochlearis)  arises,  a  slende^^ 
branch  which  courses  forward  beneath  the  pulley  of  the  superior  oblique  muscle  tc^ 
the  front  of  the  orbit.  It  ends  on  the  face  by  supplying  the  skin  of  the  root  of  th^^ 
nose  and  the  eyelids,  and  communicates  either  in  the  orbit  or  on  the  face  with^ 
the  supra-trochlear  nerve.  On  the  face  it  also  communicates  with  infra-orbita-^- 
branches  of  the  facial  nerve. 

In  the  nose  the  internal  nasal  branch  supplies  the  mucous  membrane  of  th^^ 
fore-|jart  of  the  nasal  septum ;  the  external  nasal  branch  supplies  the  fore-part  of 
the  outer  wall  of  the  nose. 

071  the  face  the  terminal  filaments  of  the  nerve  are  distributed  to  the  skin  o^ 
the  lower  half  and  tip  of  the  nose.  The  superficial  terminal  branch  communicate^ 
with  the  infra-orbital  branches  of  the  facial  nerve  (Fig.  523). 

The  ciliary  or  lenticular  ganglion  (ganglion  ciliare)  is  associated  with  tb^ 
nasal  branch  of  the  ophthalmic  nerve  and  with  the  lower  division  of  the  thiTd 
nerve.     It  is  a  small  reddish  ganglion,  placed  between  the  qxternal  rectus  musol^ 
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I  the  optic  nerve,  and  in  front  of  the  ophthalmic  artery.  Its  roots  are  three  in 
nber :  (1)  sensory  or  long  (radix  longa),  derived  from  the  nasal  hranch  of  the 
ithalmic  nerve;  (2)  motor  or  short  (radix  brevis),  derived  from  the  inferior 
ision  of  the  third  nerve;  and  (3)  ssrmiiathetic,  a  slender  filament  from  the 
emous  plexus  on  the  internal  carotid  artery,  which  may  exist  as  an  independent 
t  or  may  be  incorporated  with  the  long  root  from  the  nasal  nerve.  The  branches 
m  the  ganglion  are  twelve  to  fifteen  short  ciliary  nerves  (nn.  ciliares  breves), 
ich  pass  to  the  eyeball  in  two  groups  above  and  below  the  optic  nerve.  They 
)ply  the  coats  of  the  eyeball,  including  the  iris  and  ciliary  muscles.  The  circular 
res  of  the  iris  and  the  ciliary  muscle  are  innervated  by  the  third  nerve ;  the 
iial  fibres  of  the  iris  by  the  sympathetic. 

Superior  Blaxillary  Division  of  the  Fifth  Nerve  (u.  maxillaris). — This  large 
rve  courses  forwards  from  its  origin  in  the  Gasserian  ganglion  through  the  middle 
m,  of  the  base  of  the  skull,  beneath  the  dura  mater,  and  in  relation  to  the  lower 
rt  of  the  cavernous  sinus  (Fig.  520,  p.  677).  Passing  through  the  foramen 
^undum  in  the  root  of  the  pterygoid  process,  it  traverses  the  spheno-maxillary 
isa.     It  enters  the  orbit  as  the  infra-orbital  nerve,  through  the  spheno-maxillary 
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Obliquus  inferior 
Fir,.  526. — Schematic  Rkprbsentation  op  the  Nerves  which  traverse  the  Cavity  of  the  Orbit. 

lure,  and  ocoupying  successively  the  infra-orbital  groove  and  canal,  it  finally 
jears  on  the  face  through  the  infra-orbital  foramen  (Fig.  526). 

The  branches  and  communications  of  this  nerve  occur  (a)  in  the  cavity  of  the 
nium,  (h)  in  the  spheno-maxillary  fossa,  (c)  in  the  infra-orbital  canal,  and  {d) 
the  face. 

In  the  cavity  of  the  cranium  the  nerve  gives  off  a  minute  recurrent  branch  (n. 
ningeus)  to  the  dura  mater  of  the  middle  fossa  of  the  base  of  the  skull. 

In  the  spheno-maxillary  fossa  the  nerve  gives  off — (l)two  short  thick  spheno- 
Latine  nerves  (nn.  spheno-palatini),  the  short  or  sensory  roots  of  the  spheno- 
latine  (Meckel's)  ganglion.  (2)  A  posterior  dental  nerve,  which  may  be  double 
u.  alveolares  superiores),  descends  through  the  ptery go-maxillary  fissure  to  the 
iter  side  of  the  upper  jaw,  and  proceeds  forwards  along  the  alveolar  arch,  in 
mpany  with  the  posterior  dental  artery.  It  supplies  the  gum  and  the  upper 
olar  teeth  })y  branches  which  perforate  the  bone  to  reach  the  alveoli.  The  nerve 
rms  a  fine  plexus  joined  by  the  middle  dental  nerve  before  finally  reaching  the 
«th.  (3)  A  small  orbital  branch  (n.  zygoniaticus)  enters  the  orbital  cavity  through 
>t*  spheno-maxillary  fissure,  and  proceeding  along  tlie  outer  wall,  communicates 
ith  the  lachrymal  nerve,  and  passes  through  the  orbital  canal  in  the  malar  hone, 
here  it  divides  into  malar  and  temporal  branchea  The  malar  branch  (n.  zygo- 
^tico-facialis)  appears  on  the  face,  after  traversing  the  malar  bone,  and  supplies 
^ie  skin  over  that  bone.  It  communicates  with  the  malar  branches  of  the  facial 
me.    The  temporal  branch  (n.  zygomatico- temporalis)  perforates  the  zygomatic 
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surface  of  the  malar  bone,  and  is  distributed,  after  piercing  the  temporal  fascia,  to 
the  skin  over  the  fore-part  of  the  temple.  It  communicates  with  the  temporal 
branches  of  the  facial  nerve.  It  may  be  very  minute,  and  not  pass  further  than 
the  temporal  fascia,  between  the  two  layers  of  which  it  may  form  a  communication 
with  the  facial  nerve.  (4)  The  infra-orbital  nerve  (n.  infra-orbitalis)  is  the  termiDal 
branch  of  the  superior  maxillary  nerve,  which  enters  the  orbit  through  the  spheno- 
maxillary fissure  and  traverses  the  infra-orbital  canal  to  reach  the  face. 

In  the  infra-orbital  canal  the  infra-orbital  nerve  supplies  one  and  sometimes 
two  branches  to  the  teeth — the  middle  and  anterior  dental  nerves  (rr.  alveolares 
superiores  medius  and  anterior).  The  former  may  be  only  a  secondary  branch  of 
the  latter  nerve,  or  they  may  arise  independently  from  the  infra-orbital  nerve. 

However  formed, 
the  nerves  descend 
in  bony  canals  in 
the  waU  of  the  an- 
trum of  Highmore 
(to  the  lining  of 
which  branches  ai« 
given),  and  reach 
the  alveolar  arch, 
where  they  fonn 
minute  plexuses 
and  supply  the 
teeth  (joining  pos- 
teriorly with  the 
branches  of  the 
posterior  dental 
nerve).  The  an- 
terior dental  nerve 
supplies  the  incisor 
and  canine  teeth; 
the  middle  dental 
nerve  suppUes  the 
premolar  teeth. 
After  emerging 

Fio.  526.— Scheme  of  the  Course  and  Distribution  of  the  Superior  .    „      "^  ,  .     i    r 

M AxiLij^Ry  Nerve.  infra-orbital  fora- 

llec,  Recurrent  branch  in  the  middle  fossa  of  the  skull ;  M.G,  Meckel's  ganglion  in  DlCn,  the  mita- 
the  splieno-maxillary  fossa  ;  S.P,  Spheno-palatine  nerves  ;  S.N,  Superior  nasal  Orbital  nerVC  dl* 
branch  ;  Orb,  Orbital  ner\'e  ;  T,  Temporal,  and  M,  Malar  branches  ;  I.O,  yides  intO  a  nUffl- 
Infra-orbital  nerve,   appearing  on  the  face;  P,  Palpebral;  N,  Nasal,   and  ,  o         j*    i.*    . 

L,   Labial   branches;   A.l),   Anterior  dental   branch;   M.D,    Middle   dentel   "©^  01    raOiating 
branch  ;  N.P,  Naso-palatine  nerve ;  P.D,  Posterior  dental  branch ;  I.N,  Inferior  branches  arranged 

nasal  branch  ;  L.P.P,  Large  posterior  palatine  nerve  ;  S.P.P,  Small  posterior  jj^    three    SetS Id) 

palatine  nerve  ;  Ace,  Accessory  posterior  palatine  nerve  ;  Vid,  Vidian  nerve  ;        i      v     i      r        X, 
IH-Pal,  Pterygo-palatine  branch.  palpeDrai,     tor    tDC 

lower  eyelid;  ih) 
nasal,  for  the  skin  of  the  side  of  the  nose ;  and  (c)  labial,  for  the  cheek  and  upper  lip. 
These  branches  form  communications  with  the  infra-orbital  branches  of  the  facial 
nerve,  and  give  rise  to  the  infra-orbital  plexus  (Fig.  523,  p.  679). 

The  spheno-palatine  or  Meckel's  ganglion  (g.  spheno-palatinum)  occupies  the 
upper  part  of  the  spheno-maxillary  fossa.  It  is  a  small  reddish-gray  ganghon, 
suspended  from  the  superior  maxillary  nerve  by  the  two  spheno-palatine  brancbM 
which  constitute  its  sensory  roots.  The  motor  and  sympathetic  roots  of  the  ganglion 
are  derived  from  the  vidian  nerve.  This  nerve  is  formed  in  the  cavity  of  the  skull 
upon  the  cartilage  filling  up  the  foramen  lacerum  medium,  by  the  union  of  the 
f/reat  superficial  petrosal  nerve  from  the  geniculate  ganglion  of  the  facial  ner\'e 
(emerging  from  the  temporal  bone  through  the  hiatus  Fallopii)  with  the  great  deep 
petrosal  nerve,  a  branch  of  the  carotid  plexus  of  the  sympathetic  on  the  internal 
carotid  artery.  The  vidian  nerve  pjisses  through  the  vidian  canal  to  the  spheno- 
maxillary fossa,  where  it  ends  in  Meckel's  ganglion. 


THE  FIFTH,  TEIGEMINAL  OE  TEIFACIAL  NEEVE.  683 

The  branches  from  the  ganglion  are  seven  in  number,  (a)  The  pterygo-palatine 
or  -pharyngeal  branch  passes  backwards  through  the  pterygo-palatine  canal  to 
supply  the  mucous  membrane  of  the  roof  of  the  pharynx. 

(b)  The  posterior  palatine  nerves,  three  in  number,  are  directed  downwards  to  the 

palate  through  the  posterior  palatine  canals.  The  large  posterior  palatinenerve  emerges 

on  the  under  surface  of  the  palate  through  the  large  posterior  palatine  canal,  and  at 

once  separates  into  numerous  branches  for  the  supply  of  the  mucous  membrane  of  the 

soft  and  the  hard  palate.     Its  anterior  filaments  conmiunicate  with  branches  of  the 

naso-palatine  nerve.    The  main  nerve  gives  off,  as  it  lies  in  the  posterior  palatine  canal, 

a  small  inferior  nasal  nerve  which  enters  the  nasal  cavity  and  supplies  the  mucous 

membrane  of  the  lower  part  of  the  outer  wall  of  the  nose.     The  small  posterior 

palatine  nerve  descends  through  the  small  posterior  palatine  canal,  and,  piercing 

the  tuberosity  of  the  palate  bone,  is  distributed  to  the  mucous  membrane  of  the 

soft  j>alate,  uvula,  and  tonsil.     It  possibly  conveys  motor  fibres  to  the  levator  palati 

a.iid   azygos  uvulae  muscles.     The  accessory  posterior  palatine  nerves  are  one  or 

more  small   twigs  which  pass  through  accessory  posterior  palatine  canals,  and 

supply  branches  to  the  mucous  membrane  of  the  tonsil,  soft  palate,  and  uvula. 

(c)  The   branches  directed   inwards   from  Mockers  ganglion  enter  the  nasal 

csavity    through   the  spheno -palatine   foramen.     They  are   two  in  number — the 

superior  nasal  and  the  naso-palatine.     The  superior  nasal  nerve  is  a  small  nerve 

destined  for  the  mucous  membrane  of  the  upper  and  back  part  of  the  outer  wall  of 

t>lie  nose.     The  naso-palatine   nerve,  after  passing   through   the   spheno-palatine 

foramen,  crosses  the   roof  of  the   nose,  and  extends   obUquely  downwards   and 

forwards  along  the  nasal  septum,  grooving  the  vomer  in  its  course,  to  reach  the 

incisor  foramen  near  the  front  of  the  hard  palate.     The  nerves  pass  through  the 

subordinate  mesial  foramina  (of  Scarpa),  the  left  nerve  in  front  of  the  right.     In 

the  incisor  foramen  the  two  nerves  communicate  together.     They  then  turn  back- 

^^'ards  and  supply  the  mucous  membrane  of  the  hard  palate.     They  communicate 

posteriorly  with  terminal  filaments  of  the  large  posterior  palatine  nerves.     In  its 

oourse  through  the  nasal  cavity  the  naso-palatine  nerve  furnishes  collateml  branches 

to  the  mucous  membrane  of  the  roof  and  septum  of  the  nose  (Fig.  518,  p.  676). 

(d)  The  orbital  branches,  one  or  more  minute  branches,  pass  upwards  to  the 
periosteum  of  the  orbit  from  MeckeFs  ganglion. 

Inferior  Maxillary  Nerve  (n.  mandibularis). — The  inferior  maxillary  nerve 
is  formed  by  the  union  of  two  roots :  a  large  sensory  root,  from  the  (jJasserian 
ganglion,  and  the  small  motor  root  of  the  trigeminal  nerve,  which  is  wholly 
incorporated  with  this  trunk.  The  two  roots  pass  together  beneath  the  dura  mater 
of  the  middle  fossa  of  the  base  of  the  skull  to  the  foramen  ovale,  through  which 
they  emerge  into  the  pterygoid  region.  Outside  the  skull  they  combine  to  form  a 
single  trunk,  which  soon  separates  into  anterior  and  posterior  divisions. 

At  its  emergence  from  the  skull  the  nerve  is  deeply  placed  beneath  the  middle 
of  the  zygomatic  arch,  and  is  concealed  by  the  ramus  of  the  lower  jaw,  and  by  the 
temporal,  masseter,  and  external  pterygoid  muscles. 

The  branches  of  the  inferior  maxillary  nerve  may  be  divided  into  two  series — 
(1)  those  derived  from  the  undivided  nerve,  and  (2)  those  derived  from  the  terminal 
divisions  of  the  nerve. 

The  branches  of  the  undivided  nerve  are  two  in  nilmber.  ((f)  A  small 
locunent  branch  (n.  spinosus)  arises  just  outside  the  skull,  and  accompanying  the 
middle  meningeiil  artery  through  the  foramen  spinosum,  supplies  the  dura  mater. 
(h)  In  the  pterygoid  region  a  small  branch  arises  for  the  supply  of  the  internal 
pterygoid  muscle.     This  nerve  forms  a  connexion  with  the  otic  ganglion. 

The  terminal  divisions  of  the  nerve  are  a  small  anterior  and  a  large  posterior 
trunk. 

The  small  anterior  trunk  passes  downwards  and  forwards  beneath  the  external 
pterygoid  muscle,  and  separates  into  the  following  branches : — (1)  A  branch  for  the 
eternal  pterygoid  muscle  (n.  pterygoideus  extern  us),  which  supplies  it  on  its  deep 
surface;  (2)  a  branch  to  the  masseter  muscle  (n.  massetericus),  which  passes  over 
the  upper  border  of  the  external  pterygoid  and  through  the  sigmoid  notch  of  the 
lower  jaw ;  (3)  and  (4)  two  branches  to  the  temporal  muscle  (nn.  temi^tiivAftSk  y^q- 
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fundi,  anterior  et  posterior),  which  also  ascend  above  the  external  pteiygoid 
muscle ;  and  (5)  the  bnccal  nerve  (n.  buccinatorius),  which  passes  obliqadj 
forwards  between  the  two  heads  of  the  external  pterygoid  to  reach  the  buccinator 
muscle.  This  nerve  is  sensory,  and  its  fibres  are  in  part  distributed  to  the  skin  of 
the  cheek  (communicating  with  buccal  branches  of  the  facial  nerve) ;  they  areata) 
in  part  distributed  to  the  mucous  membrane  of  the  inside  of  the  mouth,  to  reach 
which  they  pierce  the  fibres  of  the  buccinator  muscle.     The  buccal  nerve  usually 

supplies  a  third  branch  to 
the  temporal  muscle,  after 
emerging  between  the  two 
heads  of  the  external 
pterygoid  muscle  (Fig.  523, 
p.  679). 

The  large  posterior 
trunk  extends  downwards 
a  short  way  beneath  the 
external  pterygoid  muscle. 
After  giving  off  by  two 
roots  the  auriculo-temporal 
nerve,  it  ends  by  dividiM 
into  two,  the  lingual  and 
the  inferior  dental  nerves. 
The  auricolo-temporal 
nerve  (n.  auriculo-tempor- 
alis)  is  formed  by  the  union 
of  two  roots  which  embrace 
the  middle  meningeal 
artery.  The  nerve  paases 
Imckwards  beneath  the 
external  pterygoid  muscle 
and  l)etween  the  internal 
lateral  ligament  and  the 
neck  of  the  lower  jaw. 
Entering  the  substance  of 
the    mrotid    gland,  it  is 

V.l.M,  Inferior  maxillary  nerve  ;  S,  Afferent,  aud  Mo,  Efferent  roots  ;  M,  j-«^^f^j     ni^Tirowla     fn    th<> 

Meuingean>ranch;  O.G,  otic  ganglion  ;  I.Pt,  Nerve  to  internal  ptery-  airec^^     upwaras     W    kw 

goid  ;  S.S.P,  8niall  superficial  petrosal  nerve  ;  T.T,  Ner\'es  to  tensor  temple  OVCr  the  ZygOmaiD 

tynipani,  and  T.P,  Tensor  palati ;  Ty.Plex,  Tympaniu  plexus  ;  l.C,  company  with  the  tempOlJ 

Intenial  carotid  artery;  S.D.P,  Small  deep  petrosal  nen-e  ;  G.G,  ^_^^5,.    "^  Ti.     •„     fi„„llv  difr 

Geniculate  ganglion;  F,  Facial  nerve  ;  Ty,  Tympanic  branch  ;  G.Ph,  ariyer^.  II,  18  nnauy  uur 
Glosso-pbaryngeal  nerve;  M.M,  Middle  meningeal  artery;  A.T, 
Auriculo-temporal  ner\'e  ;  F,  Communication  with  facial  nerve  ;  Par, 
Ner>e  to  parotid  gland  ;  Me,  Branch  to  meatus  of  ear  ;  Pi,  Branch 
to  pinna  ;  T,  Temi)oral  branch ;  A,  Anterior  division  of  inferior 
maxillary  nerve  ;  E.Pt,  Nerves  to  external  pterygoid  ;  M,  Masseter  ; 
T.T.T,  Temporal,    and  Bucc,    Buccinator   muscles ;    Po,    Posterior 

division  of  inferior  maxillary  nerve  ;  L,  Lingual  ner\'e  ;  C.T,  Chorda  mxaa  nff  fhp  fnllnW- 

tympani  nerve;  Sub.G,  Sub-maxillary  ganglion;  Hy,  Hypoglossal  n^rve   gl\e8  OH   TJne  I0"0* 

nerve  ;  I.I>,  Inferior  dentel  nerve  :  My.hy,  Mylohyoid  ner\e  ;  My,  ing  branches: (1)  A  SmaU 

Nerve    to    mylohyoid ;    Di,  Ner>e   to   digastric  (anterior    Wily) ;  branch      tO     the      tempOlO- 

Ment.,  MenUl  Branch  ;   Sty.Gl  Stylo-glossus  ;  H.Gl,  Hyoglossus  ;  ^„^.,i^^.  a,^.in„UHnn      (2) 


Fig.  527.— Scukmk  of  the  Distribution  ok  the  Inferior 
Maxillary  Nerve. 


tributed    as    a    cutaneous 
nerve  of  the  temple  and 
scalp,  and  reaches  almost  to 
the  vertex  of  the  skulL 
The   auriculo-temporal 


G.H.(»,  Genio-hyoglossus  muscles. 


maxillary  articulation. 

Branches  to  the  parotid 
gland.  (3)  A  twig  for  the  supply  of  the  skin  of  the  external  auditory  meatus 
(and  menibrana  tympani).  (4)  Branches  to  the  upper  half  of  the  pinna  on  its 
outer  aspect.     (5)  Terminal  branchos  to  the  skin  of  the  temple  and  scalp. 

It  has  the  following  commonications  with  other  nerves: — (1)  Important  communica- 
tions are  effected  by  the  roots  of  the  nerve,  which  are  separately  joined  by  small  brancheft 
from  the  otic  ganglion.  (2)  The  {Mirotid  branches  of  the  nerve  are  connected  with  branches 
of  the  facial  nerve  in  the  substance  of  the  gland.  (3)  The  temporal  branch  of  the  nerfe 
is  in  communication  superficially  with  the  temporal  branches  of  the  facial  nerve. 

The  lingVLBl  nerve  (n.  lingualis)  is  the  smaller  of  the  two  terminal  branoto 
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of  the  posterior  division  of  the  inferior  maxillary  nerve.  It  proceeds  downwards  in 
front  of  the  inferior  dental  nerve,  beneath  the  external  pterygoid  muscle,  to  its  lower 
border.  After  passing  between  the  internal  pterygoid  muscle,  and  the  ramus  of  the 
lower  jaw,  it  crosses  beneath  the  mucous  membrane  of  the  floor  of  the  mouth  in  the 
interval  between  the  mylohyoid  and  hyoglossus  muscles  and  beneath  the  duct  of 
the  submaxillary  gland.  It  sweeps  forwards  and  inwards  to  the  side  of  the 
tongue,  to  the  mucous  membrane  over  the  anterior  two-thirds  of  which  it  is 
distributed. 

Two  nerves  communicate  with  the  lingual  nerve  in  its  course  to  the  tongue  : — 

(1)  The  chorda  tympani  branch  of  the  facial  nerve  joins  it  beneath  the  external 
pterygoid  muscle,  and  is  incorporated  with  it  in  its  distribution  to  the  tongue. 

(2)  The  hypoglossal  nerve  forms  larger  or  smaller  loops  of  communication  with 
the  lingual  nerve  as  they  course  forwards  together  over  the  hyoglossus  muscle. 

'Besides  supplying  the  aforesaid  branches  to  the  mucous  membrane  over  the 
sides  and  dorsum  of  the  tongue  in  its  anterior  two-thirds,  the  lingual  nerve  supplies 
the  mucous  membrane  of  the  outer  wall  and  floor  of  the  mouth.  It  also  assists, 
along  with  the  chorda  tympani  nerve,  in  forming  the  roots  of  the  submaxillary 
ganglion. 

The  submaxillary  ganglion  (ganglion  submaxillare)  is  a  minute  reddish 
ffanglion  placed  on  the  hyoglossus  muscle,  between  the  lingual  nerve  and  the 
duct  of  the  submaxillary  gland.  It  is  suspended  from  the  former  by  two  trunks, 
consisting  for  the  most  part  of  fibres  of  the  lingual  and  chorda  tympani  nerves 
which  at  this  point  become  separated  from  the  lingual  nerve  and  incorporated  with 
the  ganglion.  The  roots  of  the  ganglion  are — (1)  an  afferent  root,  derived  from 
the  hngual  nerve ;  (2)  an  efferent  root,  derived  from  the  chorda  tympani ;  and  (3)  a 
sympathetic  root,  from  the  sympathetic  plexus  upon  the  facial  artery. 

The  branches  from  the  ganglion  are  distributed  to  the  submaxillary  gland  and 
Wharton's  duct,  and  by  fibres  which  become  reunited  with  the  trunk  of  the  Ungual 
nerve,  to  the  sublingual  gland. 

The  inferior  dental  nerve  (n.  alveolaris  inferior)  is  larger  than  the  lingual 
nerve.  It  passes  from  beneath  the  lower  border  of  the  external  pterygoid  muscle 
to  reach  the  interval  between  the  ramus  and  internal  lateral  ligament  of  the  lower 
jaw.  Entering  the  inferior  dental  canal  through  the  inferior  dental  foramen,  it 
traverses  the  substance  of  the  ramus  and  body  of  the  lower  jaw,  distributing 
branches  in  its  course  to  the  teeth.  A  fine  plexus  is  formed  by  the  dental  branches 
before  they  finally  supply  the  teeth. 

Branches  and   Communications. — (1)    The  mylohyoid  nerve  is  a  small   branch 

arising  just  before  the  inferior  dental  nerve  passes  through  the  inferior   dental 

foramen.     Grooving  the  ramus  of   the  jaw  in   its   course,  it  descends   into   the 

submaxillary  triangle  on  the  superficial  aspect  of  the  mylohyoid  muscle.    Concealed 

in  this  situation  by  the  submaxillary  gland  and  the  facial  artery,  it  is  distributed 

to  the  mylohyoid  and   anterior  belly  of  the  digastric  muscles.     (2)  The  mental 

branch  of  the  inferior  dental  nerve  is  a  trunk  of  considerable  size  arising  from  the 

main  nerve  in  the  inferior  dental  canal.     It  emerges  from  the  lower  jaw  through 

the  mental  foramen,  and  is  distributed  by  many  branches  to  the  chin  and  lower 

lip.      It  communicates   beneath   the   facial  muscles  with  the  supra-maudibular 

branches  of  the  facial  nerve  (Fig.  523,  p.  679).    (3)  The  incisor  branch  is  the  terminal 

part  of  the  inferior  dental  nerve  remaining  after  the  origin  of  the  mental  branch. 

It  supplies  the  incisor  and  canine  teeth. 

The  otic  ganglion  (g.  oticum)  is  situated  beneath  the  inferior  maxillary  nerve 
just  below  the  foramen  ovale.  Like  the  other  ganglia  described  above,  it  possesses 
three  roots : — (1)  A  motor  root,  derived  from  the  nerve  to  the  internal  pter}'goid 
Dmscle ;  (2)  a  sensory  root,  formed  by  the  sinall  superficial  2)etrosal  nerve  from  the 
tympanic  plexus  (through  which  communications  are  effected  with  the  tympanic 
Wnch  of  the  glosso-pharyngeal  nerve,  and  a  branch  from  the  geniculate  ganglion 
of  the  facial  nerve) ;  (3)  a  sympathetic  root,  from  the  plexus  on  the  middle 
ineningeal  artery  (Fig.  527). 

Five  branches  arise  from  the  ganglion — three  communicating  and  two  motor 
l>raiiche8.    The  three  communicating  nerves  are  fine  branches  whieh  ^o\viT^«\\^^\,\N^^ 


686  THE  NERVOUS  SYSTEM. 

the  vidian  nerve,  the  roots  of  the  auriculo-temporal,  and  the  chorda  tympani 
nerve.  The  two  motor  nerves  supply  the  tensor  tympani  and  tensor  palati 
muscles. 

Summary. — The  trigemiual,  the  largest  and  most  complex  of  the  cranial  nerves,  is  (1)  the 
chief  sensory  nerve  for  the  face,  the  anterior  half  of  the  scalp,  the  orhit  and  eyeball,  the  nose  and 
nasal  cavity,  the  lips,  teeth,  mouth,  and  two-thirds  of  the  tongue  ;  (2)  the  motor  fibres  of  th« 
nerve  supplv  the  muscles  of  mastication,  the  mylohyoid  ana  anterior  belly  of  the  digastric; 
possibly  the  levator  palati  and  azyeos  uvulte  (tlirou^h  ileckel's  ganglion),  and  the  tensor  tympani 
and  tensor  palati  muscles  (througu  the  otic  ganglion) ;  (3)  througli  the  ganglia  placed  on  tbt 
three  divisions  of  the  nerve,  not  onlv  are  imjKjrtant  organs,  areas,  and  muscled  innervated,  bui 
communications  are  also  effected  with  the  sympathetic  system,  with  the  third  nerve  (lenticuk 
ganglion),  facial  nerve  (spheno -palatine  and  otic  ganglia),  and  glosso-pharyngeal  nerve  (otu 
gauLdion). 

In  its  distribution  to  the  skin  of  the  face  the  branches  of  the  fifth  nerve  present  two  strikiuj 
peculiarities : — (1)  While  the  branches  to  the  skin  reach  the  surface  at  many  points  and  ii 
diverse  ways,  the  three  main  divisions  are  severally,  by  their  branches,  responsible  for  the  8Uj»ph 
of  three  clearly  demarcated  cutaneous  areas  (Fig.  523,  n.  679).  (2)  By  numerous  commtmication 
with  the  facial  nerve,  sensory  fibres  are  given  to  tJie  muscles  of  expression  supplied  by  tin 
facial  nerve. 

The  Sixth  or  Abducent  Nerve. 

The  abducent  nerve  (n.  abducens)  issues  from  the  brain  at  the  lower  border  o! 
the  pons  Varolii,  just  above  the  pyramid  of  the  meduUa  oblongata  (for  deep  origin 
see  p.  524).  It  is  directed  forwards,  and  pierces  the  dura  mater  in  the  posterioi 
fossa  of  the  base  of  the  skull  alongside  the  dorsum  selhe  (Fig.  522,  p.  678).  I 
then  occupies  the  inner  wall  of  the  cavernous  sinus  and  is  placed  on  the  oute 
side  of  the  internal  carotid  artery.  It  passes  through  the  sphenoidal  fissure  beloi 
the  third  and  nasal  nerves  and  between  the  two  heads  of  the  external  recta 
muscle  (Fig.  520,  p.  677).  In  the  cavity  of  the  orbit  it  supplies  the  external  recto 
muscle  on  its  inner  (ocular)  surface. 

Commimications. — lu  the  wall  of  the  cavernous  siuus  the  sixth  nerve  receives  tw 
coinmunicating  filaments  : — (1)  From  the  carotid  plexus  of  the  sympathetic,  and  (2)  froi 
the  ophthalmic  division  of  the  trigeminal  nerve. 

The  Seventh  or  Facial  Nerve. 

The  facial  nerve  (n.  facialis)  emerges  from  the  brain  at  the  posterior  border  o 
the  pons  Varolii,  l)elow  the  trigeminal  nerve  and  internal  to  the  auditory  nerve  (fa 
deep  origin,  see  p.  522).  Between  it  and  the  latter  nerve  is  the  minute  pars  intennedi 
of  Wrisberg  (Fig.  517,  p.  675).  The  nerve  passes  outwards  through  the  interai 
auditory  meatus,  courses  through  the  aqueduct  of  Fallopius  in  the  petrous  portioi 
of  the  temporal  bone,  emerges  in  the  base  of  the  skull  by  the  stylo-mastoid  forama 
and  passes  forwards  through  the  parotid  gland  to  supply  the  muscles  of  the  fiw 
In  the  internal  auditory  meatus  the  nerve  is  placed  upon  the  auditory  nerve,  th 
pars  intermedia  intervening.  In  the  aqueduct  of  Fallopius  the  nerve  first  paase 
backwards  on  the  inner  side  of  the  tympanum,  and  then  downwards  behind  th 
tympanum,  in  the  inner  wall  of  the  tympanic  antrum.  In  the  parotid  giant 
the  nerve  crosses  superficially  the  external  carotid  artery  and  the  temporo-manlkr 
vein.  On  the  face  its  branches  radiate  from  the  anterior  border  of  the  parotid  gla© 
and  enter  the  deep  surface  of  the  facial  muscles. 

Branches  and  Communications. — (i.)  In  the  internal  auditory  meatus  the  ^nu 
intermedia  (n.  intermedins),  lying  between  the  facial  and  auditory,  sends  com 
municating  branches  to  both  nerves.  The  branch  to  the  auditory  nerve  probabl 
separates  from  it  again  to  join  the  geniculate  ganglion  of  the  facial  nerve. 

(ii.)  In  the  aqueduct  of  Fallopius  the  geniculate  ganglion  (g.  geniculi)  is  forme 
at  the  j)oint  where  the  facial  nerve  bends  backwards  (geniculum  n.  facialis).  It' 
an  oval  swelling  on  the  nerve,  and  is  joined  by  a  branch  from  the  upper  (vestibuta 
trunk  of  the  auditory  nerve,  by  which  it  probably  receives  fibres  of  the  pars  tntfl 
media.  From  the  ganglion  three  small  nerves  arise: — (1)  The  large  fsisgntak 
petrosal  nerve  passes  forwards  through  the  hiatus  Fallopii  to  the  middle  fossa  oftti 
base  of  the  skull     On  the  upper  surface  of  the  foramen  lacerum  medium  it 
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by  the  great  deep  petrosal  nerve  from  the  sympathetic  plexus  on  the  internal 
I  artery  to  form  the  vidian  nerve,  which,  after  traversing  the  vidian  canal, 
1  Meckers  ganglion.  (2)  A  minute  nerve  pierces  the  temporal  bone  and  joins 
npanic  branch  of  the  glosso-pharyngeal  in  the  substance  of  the  bone.  By 
mion  the  small  superficial  petrosal  nerve  is  formed,  which  pierces  the  temporal 
nd  ends  in  the  otic  ganglion.  (3)  The  external  superficial  petrosal  nerve  is  a 
}  inconstant  branch  which  joins  the 
bhetic  plexus  on  the  middle  meningeal 

the  course  of  the  facial  nerve  in  the 
part   of  the   aqueduct   of   Fallopius, 

the  tympanum,  three  branches  arise — 
e  small  nerve  to  the  stapedius  muscle, 
passes  forwards  to  the  tympanum.  (2) 
orda  tympani  nerve  (probably  associated 
he  pars  intermedia^  which  enters  the 
[lie  cavity  through  the  iter  chordce 
us,  passes  over  the  membrana  tympani 
e  handle  of  the  malleus,  and  leaves 
dty  through  the  iter  chordce  anterivs 
h  the  pterygoid  region.  Beneath  the 
il  pterygoid  muscle  it  becomes  incor- 
l  with  the  lingual  branch  of  the  in- 
maxillary  nerve,  and  in   its  further 

is  inseparable  from  that  nerve.  It 
s  a  root  to  the  sub-maxillary  ganglion, 
finally  distributed  (probably  as  a 
)f  taste)  to  the  side  and  dorsum  of 
gue  in  its  anterior  two-thirds.     The 

tympani  nerve  receives  beneath  the 
il  pterygoid  muscle  a  fine  communica- 
Dm  the  otic  gangUon.  (3)  Before  it 
the  aqueduct  of  Fallopius  a  fine  com- 
;ing  branch  arises  from  the  facial  nerve 

the  auricular  branch  of  the  pneumo- 

nerve. 

)  In  the  neck  the  facial  nerve  gives  off 

iiuscular  branches:  (1)  and  (2)  small 

»8   supply   the   stylo- hyoid   and   the 

)r  belly  of  the   digastric,  the  latter 

K)metimes   communicating  with  the 

pharyngeal.    (3)  The  posterior  auricular 

lends  backwards  and   upwards   over 

erior  border  of  the  mastoid  process 

vith    the   posterior  auricular  artery. 

les  into  two  branches — an  auricular 

for  the  retraheus  aurem  and  the  intrinsic  muscles  of  the  pinna,  and  an 

I   branch   for   the  posterior  belly  of  the   occipito-fron talis  muscle.      The 

>r  auricular  nerve  communicatea  with  the  great  auricular,  small  occipital, 

icular  branch  of  the  pneumogastric  nerves  in  its  course. 

In  the  parotid  gland  the  facial  nerve  spreads  out  in  an  irregular  series  of 
5S  (pes  anserinus),  indefinitely  divided  into  a  temporo-facial  and  a  cervico- 
ivision.  Comuumications  occur  in  the  substance  of  the  gland  between  the 
unks  and  the  great  auricular  and  auriculo-temporal  nerves. 

temporo-facial  division  gives  off  three  series  of  subordinate  branches 
•adiate  forwards  and  upwards  from  the  parotid  gland. 

'he  temporal  branches  are  of  large  size,  and,  sweeping  out  of  the  parotid  gland 
e  zygomatic  arch,  are  distributed  to  the  orbicularis  palpebrarum,  frontalis, 
tor  supercilii,  attrahens,  and  attollens  aurem.     The  temporal  branclve^  q.q>\si- 


Fio.  528.— The  Facial  Nkrvk  with  its 
Branches  and  Communications  in  the 
Aqueduct  of  Fallopius. 

VII,  Facial  nerve  ;  P.I,  Pars  intermedia  ;  \7II, 
Auditory  nerve  ;  Aq.Fal,  Aqueduct  of  Fallo- 
pius ;  G.G,  Geniculate  ganglion  ;  E.B.P,  Ex- 
ternal superficial  petrosal  nerve ;  M.M,  Middle 
meningeal  artery  ;  G.S.P,  Great  superficial 
petrosal  nerve:  G.P.D,  Great  deep  petrosal 
nerve;  I.C,  Internal  carotid  artery;  Vid, 
Vidian  ner>'e ;  M.G,  Meckel's  ganglion  ;  Ty.  PI, 
Tympanic  plexus ;  S.D.P,  Small  deep  petrosal 
nerve  ;  G.Pli,  Glosso-pharyngeal  nerve ;  Ty, 
Tympanic  branch  ;  S.S.P,  Small  superficial 
petrosal  ner\'e  ;  0.G»  Otic  ganglion  ;  Slap, 
Nerve  to  stapedius  ;  C.T,  Chorda  tympani 
nen'e ;  L,  Lingual ner\'e ;  A. Va,  Communication 
with  auricular  branch  of  vagus  ;  P.  A,  Posterior 
auricular  nerve  ;  Sty.hy,  Ner\'e  tostylo-hyoid ; 
Di,  Nerve  to  digastric  (posterior  belly)  ;  T.F, 
Temporo-facial  division;  C.F,  Cervico- facial 
division  ;  T.  Temporal  ;  M,  Malar ;  I.O,  Infra- 
orbital ;  B.  Buccal  ;  S.M,  Suprft-iiiandi])ular, 
and  I.M,  lufra-mandibular  branches. 
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municate  in  their  course  with  the   auriculo-temporal,  temporal  (of  the  eapenor 
maxillary),  lachrymal,  and  supra-orbital  branches  of  the  trigeminal  nerve. 

2.  The  malar  branches  are  small,  and  sometimes  are  inseparable  from  the  tempond 
or  infra-orbital  nervea  Extending  forwards  across  the  malar  bone,  they  supply 
the  orbicularis  palpebrarum  and  zygomatic  muscles,  and  communicate  with  the indir 

branch  of  the  superior  maxillary  nent 
3.  The  infra-orbital  braadiM  u%d 
considerable  size.  Passing  forwards  ofer 
the  masseter  muscle  in  company  iritb 
Stenson's  duct,  they  supply  the  otIh- 
cularis  palpebrarum,  the  zygomatici, 
buccinator,  and  the  muscles  of  the  noBe 
and  upper  lip.  The  infra-orbital  ptea 
is  formed  by  the  union  of  these  nerves 
with  the  infra-orbital  branch  of  the 
superior  maxillary  nerve  below  the 
lower  eyelid.  Smaller  commonica- 
tions  occur  with  the  infra-trochlear  aod 
nasal  nerves  on  the  side  of  the  nose. 

The  cervico-facial  division  of  the 
facial  nerve  also  supplies  three  serieB 
of  secondary  branches. 

1.  The  buccal  branch  (or  branches) 
extends  forwards  to  the  angle  of  the 
mouth  to  supply  the  muscles  con- 
verging to  the  mouth,  including  the 
buccinator.  It  communicates  with  the 
buccal  branch  of  the  inferior  maxilUiy 
nerve  in  front  of  the  anterior  border 
of  the  masseter  muscle. 

2.  The  supra  -  mandibular  bnn^ 
passes  along  the  lower  jaw  to  the  intemd 

Facial   nerve. —P. A,  Posterior  auricular  nerve;   S.H,  between    the    lower  lip  and   chin,  and 

Nerve  to  stylo-hyoid  ;  Di,  Nerve  to  digastric  (posterior  supplies   the  depreSSOr  anffuli  oris.  dfi- 

Iwllv) ;   T.F,  Temporo-facial  division ;  T,   Temiwral ;  ^^jT        i    u"    •    x*     •      •  i        i.-     i  _:. 

M,  Malar;  I.O,  Infra-orl.ital  branches;  C.F,  cirvico-  preSSOr  labu  mterions,  and   OrblOUlwiS 

facial  division  ;    B,   Buccal ;    Sm,    Supra-roandibular  ;  oris.     It  COmmunicatCS  with  the  mental 

branch  of  the  inferior  dental  nerve. 

3.  The  infra  -  mandibular  htvA 
emerges  from  the  parotid  gland  neir 
its  lower  end,  and  sweeps  forwards 
below  the  angle  of  the  jaw  to  the  front 
of  the  neck.  It  supplies  the  platysntf 
myoides,  and  forms  loops  of  communici- 

tion  with  the  superficial  cervical  nerve  from  the  cervical  plexua 


Fio.  629.  —  Distribution  of  Facial  Nerve  outside 
THE  Skull,  and  Communications  with  Trigeminal 
Nerve  on  the  Face. 


lui,  Infra- mandibular  branches. 
Trigeminal  nerve. — Ophth,  Ophthalmic  division  ;  S.O, 
Supra-orbital  ;  l.T,  Infra  -  trochlear  ;  N,  External 
nasal;  L,  Lachrymal  branches.  Sup. Max,  Superior 
maxillary  division ;  T,  Temporal  ;  M,  Malar  ;  1.0, 
Infra-orbital  branches.  Inf.  Max,  Inferior  maxillary 
division  ;  A.T,  Auriculo-temporal  ;  B,  Buccal  ;  M, 
Mental  branches  ;  S.C,  Superficial  cervical  nerve. 


The  Eighth  or  Auditory  Nerve. 

The  auditory  nerve  (n.  acusticus)  arises  from  the  braiu  by  two  roots,  mesial  and 
lateral.  The  mesial  root  (radix  vestibularis)  emerges  between  the  olive  and  the 
restiform  body.  The  lateral  root  (radix  cochlearis),  continuous  through  the  cochlear 
nucleus  with  the  striae  acusticae  of  the  fourth  ventricle,  winds  round  the  outer  side 
of  the  restiform  body  (for  deep  connexions,  see  p.  519).  The  two  roots  become 
incorporated  to  form  the  trunk  of  the  nerve,  which  is  attached  to  the  brain  on  the 
outer  side  of  the  facial  nerve  and  pars  intermedia  at  the  posterior  border  of  the 
pons  Varolii  (Fig.  517,  p.  675). 

The  nerve  extends  outwards  through  the  internal  auditory  meatus,  lying  beneath 
the  facial  nerve  and  pars  intermedia  (Fig.  522,  p.  678).  In  the  meatus  its  two 
component  parts  separate  from  one  another,  forming  a  superior  or  vestibular  trunk 
continuous  with  the  mesial  root,  and  an  inferior  or  cochlear  trunk  continuous  with 
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;eral  root     These  trunks  again  subdivide,  and  piercing  the  lamina  cribrosa, 
'  the  several  parts  of  the  labyrinth. 

e  saperior  or  vestibular  tnink  (n.  vestibuli)  in  the  internal  auditory  meatus 
Y  receives  fibres  from  the  'pars  intermedia,B,nd  gives  off  a  communicating  branch 


Q.  530.— SCHBMB  OF  THE  OrIOIN  AND  DlSTBIBUTION 

OF  THE  Auditory  Nerve. 
Py,  Pyramia ;  Ol,  Olive ;  R.B,  Uestiform  body ;  A.St,  Strise acuaticae ; 
Do,  Dorsal  nucleus ;  G,  Lateral  cochlmr  nucleus ;  Ve,  Ventral  nu- 
cleiiB ;  P.I,  Pars  intermedia;  G.O,  Geniculate  ganglion;  Co, Cochlea ; 
Sacc,  Saccule ;  Po,  Posterior  semicircular  canal ;  Ext,  External 
semicircular  canal ;  Sup,  Superior  semicircular  canal ;  Utr,  Utricle. 

geniculate  ganglion  of  the  facial  nerve.  It  then  separates  into  three  terminal 
les  which  pierce  the  lamina  cribrosa,  and  supply  (1)  the  macula  acustica  of 
ricle  and  the  ampullae  of  (2)  the  superior  and  (3)  external  sejnicircular  canals, 
e  inferior  or  cochlear  trunk  (n.  cochleae)  gives  off  branches  (1)  to  the 
i  acustica  of  the  saccule,  (2)  to  the  ampulla  of  the  posterior  semicircular  canal, 
)  is  continued  through  the  lamina  cribrosa  to  the  labyrinth  as  the  cochlear 
which  is  distributed  through  the  modiolus  and  osseous  spiral  lamina  to  the 
of  Corti  in  the  cochlea. 

h  the  vestibular  and  cochlear  nerves  contain  among  their,  fibres  collections  of  nerve 
>rming  in  each  nerve  a  distinct  ganglion — the  vestibular  ganglion  (g.  vestibulare)  on 
bibular  trunk,  and  the  spiral  ganglion  of  the  cochlea  (g.  spirale)  on  the  cochlear  trunk. 

The  Ninth  or  Glosso-pharyngeal  Nerve. 

e  glosso-pharyngeal  nerve  (n.  glosso-pharyngeus)  (Fig.  517,  p.  675)  arises  from 
lin  by  five  or  six  fine  radicles  which  emerge  from  the  medulla  oblongata  between 
ve  and  the  restiform  body,  close  to  the  facial  nerve  above,  and  in  series  with 
)ts  of  the  pneumogastric  nerve  below  (for  deep  connexions,  seep.  517).  The 
s  combine  to  form  a  nerve  which  extends  outwards  to  the  jugular  foramen, 
h  which  it  passes,  along  with  the  pneumogastric  and  spinal  accessory  nerves, 
veloped  in  a  separate  sheath  of  dura  mater  (Fig.  522,  p.  678).  Eeaching  the 
:ihe  nerve  arches  downwards  and  forwards  to  the  interval  between  the  hyoid 
nd  the  lower  jaw.  It  lies  at  first  between  the  internal  carotid  artery  and 
ternal  jugular  vein,  and  then  between  the  internal  and  external  carotid 
s,  in  its  course  to  the  side  of  the  pharynx.  It  sweeps  round  the  stylo- 
igeus  muscle  and  the  stylo-hyoid  ligament,  and  disappears  beneath  the 
•ssus  muscle,  to  reach  its  termination  in  the  tongue. 

e  branches  of  the  nerve  may  be  classified  in  three  series  according  to  their 
— (i.)  in  the  jugular  foramen ;  (ii.)  in  the  neck ;  (iii.)  in  relation  to  the  tongue. 
the  jvgular  foramen  there  are  two  enlargements  upon  the  trunk  of  the  nerve 
jugular  and  petrous  ganglia.  The  jugular  ganglion  (g.  superius)  is  small,  does 
iplicate  the  whole  width  of  the  nerve,  and  may  be  fused  with  the  petrous 
on,  or  even  absent  altogether.  No  branches  arise  from  it. 
e  petrous  ganglion  (g.  petrosum)  is  distinct  and  constant.  It  is  placed 
.he  nerve  at  the  lower  part  of  its  course  through  the  jugular  foramen. 
inches  and  Communications  of  the  Petrous  Ganglion. — The  tympanic  branch  (n. 
nicus,  Jacobson's  nerve)  is  the  most  important  offset  from  this  ganglion.  It 
through  a  small  canal  in  the  bridge  of  bone  between  the  jugular  foramen 
le  carotid  canal  to  reach  the  cavity  of  the  tympanum,  where  it  breaks  up  into 
les,  to  form,  along  with  branches  from  the  carotid  plexus  of  the  sympathetic  on 
iemal  carotid  artery  (small  deep  petrosal  nerve),  the  tympanic  plexusforthe  supply 
mucous  lining  of  the  tympanum,  mastoid  cells,  and  EuBlac\naii\>>i\i^(^'\%.^'i^, 
48 
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p.  687).  The  fibres  of  the  tympanic  branch  of  the  glosso-pharyngeal  nerve  become 
reunited  to  form,  by  their  union  with  a  small  nerve  from  the  geniculate  ganglion  of  ihe 
facial  nerve,  the  small  superficial  petrosal  nerve  in  the  substance  of  the  temporal  bone. 
This  passes  forwards  through  the  temporal  bone,  and  eventually  joins  the  otic  gangKon. 

Besides  forming  the  tympunic  branch,  the  petrous  ganglion  of  the  glosso-phaijngeal 
nerve  communicates  with  three  other  nerves — (1)  with  the  superior  cervical  gangliou  of 

the     sympathetic  ;      (2)     with    the 

auricular    branch    of    the    pneumo- 

gastric ;  and  (3)  sometimes  with  the 

A«'^    ^1*1  ^Jtt      >^r«e7SC  M^  ganglion  of  the  root  of  the  pneumo- 

gastric. 

In  theneck  the  glosso-pharyngeal    \ 
nerve  gives  off  two  branches.    (1;    I 
As  it  crosses  over  the  stylo-phaiyB- 
gens  mnscle  it  supplies  the  nerve    i 
to  that  muscle,  which  sends  fibres 
through  it   to  reach   the  mucous 
membrane  of   the   pharynx     (2j 
The  phar3nigeal  branches  of  the  neive    •. 
supply  the   mucous  membrane  of    \ 
the  pharynx  directly  after  piercing    ; 
the  superior  constrictor  muscle,  and 
indirectly  after  joining,  along  with 
the  pharyngeal    oflfeets  from  the 
pneumogastric   and    the    superior 
cervical     ganglion    of    the   sym- 
pathetic, in  the  formation  of  the 
pharyngeal  plexus. 

The  terminal  branches  of  the 
nerve  supply  the  mucous  mem- 
brane of  the  tongue  and  adjacent 
parts.  A  tonsillitic  branch  forms  t 
plexus  (circulus  tonsillaris)  to 
supply  the  mucous  membiaoe  ; 
covering  the  tonsil,  the  adjacent 
part  of  the  soft  palate,  and  the 
pillars  of  the  fauces.  Ungiil 
branches  supply  the  mucous  mem- 
brane of  the  dorsal  third  and 
lateral  half  of  the  tongue,  extend- 
ing backwards  to  the  glosso-epi- 
glottidean  folds  and  the  front  of 
the  epiglottis. 


FlQ.  531. — SCHBME   OF  THE   DISTRIBUTION   OF  THE   GLOSSO- 
PHARTNGEAL   NeRVB. 

G.Ph,  GIosso- pharyngeal  nerve  ;  J,  Jugular,  and  P,  Petrous 
ganglia ;  Ty,  Tympanic  branch  (Jacobson's  nerve) ; 
Ty.Plex.,  Tympanic  plexus ;  Fa,  Root  from  geniculate 
ganglion  of  facial  nerve  ;  S.S.P,  Small  superficial  petrosal 
nerve  to  the  otic  ganglion  ;  S.D.P,  SmaJl  deep  ])etroRal 
ner\'e ;  I.C,  Internal  carotid  artery ;  Va,  Pneumogarttric 
nerve  ;  Aur.,  Auricular  branch  (Arnold's  nerve) ;  Sy., 
Superior  cervical  sym{>athetic  ganglion  ;  F,  Communi- 
cating branch  to  facial  nerve  ;  Ph,  Pliaryngeal  branch  of 
vagus  ;  E.C,  External  carotid  arter>- ;  Ph.  PI,  Pharyngeal 
plexus;  S.Ph,  Stylo-pharyngeus  muscle;  S.H.L,  Stylo- 
hyoid ligament;  H.G,  Hyo-glossus  ;  S.G,  Stylo-glossus ; 
Ton,  Tonsil ;  S.  Pal.,  Soft  palate  ;  G.H.G,  Genio-hyoglossus  ; 
G.H,  Genio-hyoid  ;  Hy,  Hyoid  bone. 


The  Tenth  or  Tneumogastkic  Nerve. 

The  pneumogastric  or  vagus  nerve  (n.  vagus)  arises  from  the  brain  by  numerous 
radicles  attached  to  the  front  of  the  restiform  iKjdy  of  the  medulla  oblongata,  in  series 
with  the  glosso-pharyngeal  nerve  above  and  the  spinal  accessory  nerve  below  it  (for 
deep  connexions,  see  p.  517).  Uniting  to  form  a  single  trnnk,  the  roots  of  the  nerve 
pass  outwards  to  the  jugular  foramen,  through  which  they  emerge  into  the  neck 

l7i  the  jvgular  foramen  the  nerve  occupies  the  same  sheath  of  dura  mater  as  the 
spinal  accessory  nerve,  and  is  placed  behind  the  glosso-pharyngeal  nei-ve.  Two 
ganglia  are  present  on  the  trunk  in  this  situation.  The  higher  and  smaller  is  the 
ganglion  of  the  root  (g.  jugulare) ;  the  lower  and  larger  is  the  gaogUon  of  the  trmil^ 
of  the  nerve  (g.  nodosum). 

In  the  neck  the  pneumogastric  nerve  pursues  a  vertical  course  in  front  of  the 
spinal  column.  It  occupies  the  carotid  sheath,  lying  between  and  behind  the 
internal  and  conmion  carotid  arterie^s  and  the  internal  jugular  vein.     It  enters  the 
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tiorax  behind  the  large  veins  :  on 
Ke  right  side,  after  crossing  over 
he  subclavian  artery;  on  the  left 
ide,  in  the  interval  between  the 
eft  common  carotid  and  subclavian 
irteries. 

In  the  thorax  the  nerves 
)ccupy  the  superior  and  posterior 
nediastinal  spaces,  and  their  re- 
ations  are  different  on  the  two 
ides,  (a)  In  the  s^/perior  media- 
tinum  the  right  nerve  continues 
:8  course  alongside  the  innominate 
rtery  and  the  trachea,  and  behind 
lie  right  innominate  vein  and 
iperior  vena  cava,  to  the  back  of 
le  root  of  the  lung.  The  left 
erve  courses  downwards  between 
le  left  common  carotid  and  sub- 
avian  arteries,  and  behind  the 
ft  innominate  vein  and  the 
lirenic  nerve.  It  passes  over  the 
)rtic  arch,  and  then  proceeds  to 
le  back  of  the  root  of  the  left 
mg.  (6)  In  the  posterior  media- 
inum  the  pneumogastric  nerves 
«  concerned  in  the  formation  of 
vo  great  plexuses — the  pulmon- 
y  and  the  oesophageal.  Behind 
le  root  of  each  lung  the  nerve 
:^aks  up  to  form  the  large 
wterior  pulmonary  plexus,  from 
le  lower  end  of  which  two  nerves 
nerge  on  each  side.  These  nerves 
1  the  right  side  pass  obliquely 
;rer  the  vena  azygos  major;  on 
le  left  side  they  cross  the  thoracic 
Drta.  Both  series  reach  the  oeso- 
hagus,  and  divide  into  small 
nastomosing  branches  which  form 
he  (Bsophageal  plexus.  At  the 
esophageal  opening  of  the  dia- 
)hragm  the  two  nerves  become 
separated  from  the  plexus,  and 
mtering  the  abdomen — the  left 
lene  in  front  of  the  oesophagus, 
the  right  nerve  behind  it — they  ter- 
minate by  supplying  the  stomach 
ind  other  abdominal  organs. 

The  communications  and 
^'ranches  of  the  pneumogastric 
oen-e  may  be  described  as  (i.)  gan- 
glionic, (ii.)  cervical,  (iii.)  thoracic, 
ind  (iv.)  abdominal  (Fig.  532). 

nerves  ;   Sy,    Sympalhetic  ;  Acr,    Spinal 
plexus  ;  S.L,  Superior  laryngeal  nerve 


Fig.  632. — The  Distribution  of  the  Pneumogastric  Nerve. 


Var.R,  Va.L,  Right  and  left  vagi ;  r,  Ganglion  of  the  root  and 
connexions  with  Sy,  Sympathetic,  superior  cervical  gang- 
lion ;  G.Ph,  Olosso- pharyngeal  :  Ace,  Spinal  accessory 
nerve  ;  m.  Meningeal  Iminch  ;  Aur,  Auricular  branch  ;  t. 
Ganglion  of  the  trunk  and  connexions  with  Hy,  Hypo- 
glossal nerve  ;  CI,  C2,  Loop  Ijetween  the  first  two  cervical 
accessory  nerve  ;  Ph,  Pharyngeal  branch  ;  Ph. PI,  Pharyngeal 
I.L,  Internal  laryngeal  branch  ;  E.L,  External  laryngeal  branch  ; 
I.C,  Internal,  and  RC,  Extenial  carotid  arteries  ;  Cal,  Suj>erior  cervical  cardiac  branch  ;  Ca2,  Inferior 
cervical  cardiac  branch  ;  R.L,  Recurrent  laryngeal  nerve  ;  Ca3,  Cardiac  branches  from  recurrent  laryngeal 
nerves  ;  Ca4,  Thoracic  canliac  branch  (right  vagus)  ;  A.P.Pl,  Anterior,  and  P.  P. PI,  Posterior  pulmonary 
plexQses  ;  Oes.  PI,  (Esophageal  plexus;  Gast.R,  and  Gast.L,  Gastric  branches  of  vag;«Lft  ^t\%\\\.  asiW^tSX'w 
Coe.Pl,  Coeliac  plexus  ;  Hep. PI,  Hepatic  plexus  ;  SpI.Pl,  Splenic  plexus  *,  "Reu.VA,  "ReTi«\  pVvixvxs. 
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The  ganglion  of  the  root  (g.  jugulare)  is  small  and  spherical  It  occupies 
the  jugular  foramen,  and  gives  off'  two  branches — meningeal  and  auricular. 

The  meningeal  branch  passes  backwards  to  supply  the  dura  mater  of  the  posterior 
fossa  of  the  base  of  the  skull. 

The  auricular  branch  (Arnold's  nerve)  ascends  to  the  ear  in  a  fissure  between  the 
jugular  and  stylo-mastoid  foramina.  It  receives  near  its  origin  a  twig  from  the 
tympanic  branch  of  the  glosso-pharyngeal  nerve,  and  usually  communicates  with 
the  facial  nerv^e  by  a  branch  arising  from  the  latter  in  the  aqueduct  of  Fallopiu^ 
The  nerve  is  distributed  to  the  back  of  the  pinna  and  the  external  auditory  meatus, 
and  communicates  superficially  with  the  posterior  auricular  ner\'e. 

Communications. — Besides  supplying  the  meningeal  and  auricular  branches,  the 
ganglion  of  the  root  of  the  pneumogastric  nerve  receives  communications  from  (1)  the 
superior  cervical  ganglion  of  the  sympathetic  ;  (2)  the  spinal  accessory  nerve ;  and  (3)  the 
petrous  ganglion  of  the  glosso-pharyngeal  nerve  (sometimes). 

The  ganglion  of  the  trunk  of  the  nerve  (g.  nodosum),  placed  immediately 
below  the  preceding,  is  large  and  fusiform.  Like  the  previous  ganglion,  it  supplies 
two  branches — the  pharyngeal  and  superior  laryngeal  nerves. 

The  pharyngeal  branch  receives  its  fibres  (through  the  ganglion)  from  the  spinal 
accessory  nerve.  It  passes  obliquely  downwards  and  inwards  to  the  pharynx 
between  the  internal  and  external  carotid  arteries,  and  combines  with  the  phaip- 
geal  nerves  from  the  glosso-pharyngeal  and  superior  cervical  ganglion  of  the 
sympathetic  to  form  the  phar3nigeal  plexus.  From  this  plexus  the  muscles  of  the 
pharynx  and  soft  palate  (except  the  stylo-pharyngeus  and  tensor  palati)  are 
supplied.  The  lingual  branch  is  a  small  nerve  wliich  separates  itself  from  the 
])Iexus  and  joins  the  hypoglossal  nerve  in  the  anterior  triangle  of  the  neck. 

The  superior  laryngeal  nerve  (n.  laryngeus  superior)  passes  obliquely  down- 
wards and  inwards,  behind  the  external  and  internal  carotid  arteries,  towards  the 
thyroid  cartilage.  It  divides  in  its  course  into  two  unequal  parts — a  larger  internal 
and  a  smaller  external  laryngeal  nerve. 

The  internal  laryngeal  nerve  (ramus  inti^mus)  passes  inwards  into  the  larynx 
between  the  middle  and  inferior  constrictor  muscles  of  the  pharynx  and  through  the 
thyro-hyoid  membrane.  It  supplies  the  mucous  membrane  of  the  larynx,  reaching 
upwards  to  the  epiglottis  and  base  of  the  tongue,  and  forms  communications  beneath 
the  ala  of  the  thyroid  cartilage  with  the  branches  of  the  inferior  laryngeal  nerva 

The  external  laryngeal  nerve  (ramus  externus)  passes  downwards  upon  the 
inferior  constrictor  muscle  of  the  pharynx.  It  supplies  branches  to  that  muscle, 
and  ends  in  the  crico-thyroid  muscle. 

Communications. — I^sides  supplying  these  pharyngeal  and  laryngeal  nerves,  the 
ganglion  of  the  trunk  of  the  pneumogastric  has  the  following  communications  with  other 
nerves:  (l)with  the  superior  cervical  ganglion  of  the  8ymi)athetic ;  (2)  with  the  h}'po- 
glossid  :  (3)  with  the  loop  l^etween  the  first  and  second  cervical  nerves;  and  (4)  with  the 
accessory  part  of  the  spinal  accessory  nerve.  This  jwirt  of  the  nerve  applies  itself  to  the 
ganglion,  and  thereby  suj)plie»  U)  the  vagus  nerve  the  inhibitory  fibres  for  the  heart,  as 
well  as  the  motor  fibres  for  the  pharynx,  (L*soj>hagus,  stomach  and  intestines,  larjiix  and 
respinitory  organs. 

Branches  of  the  Pneumogastric  in  the  Neck. — In  the  neck  the  pneumo- 
gastric nerve  supplies  cardiac  branches  and  (on  the  right  side)  the  inferior  or 
recurrent  laryngeal  nerve  (Fig.  532). 

The  cardiao  branches  are  superior  and  inferior.  On  the  right  side  both  cardiac 
branches  pass  downwards  into  the  thorax  behind  the  subclavian  arter}*",  and  proceeil 
alongside  tlie  trachea  to  join  the  deej)  cardiac  plexus.  On  the  left  side  the  t^o 
nerves  scjuirate  on  reaching  the  thorax.  The  sniterior  nerve  passes  deeply  along- 
side the  tnichea  to  join  the  deep  cardiac  plexus.  The  inferior  nerve  accompanies 
the  pneumogastric  nerve  over  the  aortic  arch,  along  with  the  superior  cervical 
cardiac  branch  of  the  sympathetic,  to  end  in  the  superficial  cardiac  plexus. 

The  right  inferior  laryngeal  nerve  arises  at  the  root  of  the  neck,  as  the 
pneumogastric  nerve  crosses  over  tht*  first  part  of  the  subclavian  artery.  It  hooks 
round  the  artery,  and  passes  obliquely  upwards  and  inwards  behind  the  subdaviaD. 
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common  carotid,  and  the  inferior  thyroid  artery  and  the  thyroid  body.  It  finally 
ppears  beneath  the  lower  border  of  the  inferior  constrictor  muscle,  and  ends 
ipplying  the  muscles  of  the  larynx.  In  its  course  it  gives  off  the  following 
ches : — 

1)  Gaidiac  brandies  arise  as  the  nerve  winds  round  the  subclavian  artery,  and 
se  downwards  alongside  the  trachea  to  end  in  the  deep  cardiac  plexus. 

2)  Gominimicating  branches  to  the  inferior  cervical  ganglion  of  the  sympathetic 
J  from  the  nerve  behind  the  subclavian  artery. 

3)  Muscular  branches  supply  the  trachea,  oesophagus,  and  the  inferior  constrictor 
le  pharynx. 

4)  Terminal  branches  supply  the  muscles  of  the  larynx  (except  the  crico-thyroid) 
communicate  beneath  the  ala  of  the  thyroid  cartilage  with  branches  of  the 

rnal  laryngeal  nerve. 

Branches  of  the  Vasfas  in  the  Thorax. — In  the  thorax  the  pneumogastric 
'e  forms  the  great  pulmonary  and  oesophageal  plexuses.  The  right  nerve,  in 
tion,  furnishes  cardiac  branches ;  and  the  left  nerve  gives  off  the  inferior  or 
rrent  laryngeal  nerve. 

The  left  inferior  Icuyngeal  nerve  differs  from  the  nerve  of  the  right  side  only 
ts  point  of  origin  and  in  the  early  part  of  its  coursa  It  springs  from  the 
imogastric  nerve  as  it  crosses  the  aortic  arch,  and,  after  hooking  round  the 
I  external  to  the  ligamentum  arteriosum,  it  passes  upwards  in  the  superior 
iastinum  in  the  interval  between  the  trachea  and  oesophagus  to  the  neck.  In 
neck  its  course  and  relations  are  similar  to  those  of  the  nerve  of  the  right  side. 
branches  of  the  nerve  are  the  same  as  those  of  the  right  nerve.  The  cardiac 
ches  are  larger,  and,  arising  below  the  aortic  arch,  proceed  to  the  deep  cardiac 
lis. 

ISardiac  branches  from  the  right  pneumogastric  nerve  arise  in  the  superior 
iastinum,  and  pass  downwards  alongside  the  trachea  to  join  the  deep  cardiac 
us.  On  the  right  side  thoracic  cardiac  branches  are  thus  supplied  from  both 
trunk  of  the  nerve  and  its  recurrent  branch  ;  on  the  left  &ide  the  cardiac  branches 
iie  thorax  arise  solely  from  the  recurrent  branch. 

Abdominal  Branches. — After  the  formation  of  the  oesophageal  plexus  the 
pneumogastric  nerves  resume  their  course,  and  passing  along  with  the  gullet 
►ugh  the  diaphragm,  terminate  by  supplying  the  stomach.  The  right  nerve 
irs  the  abdominal  cavity  behind  the  gullet,  and  is  distributed  to  the  posterior 
ace  of  the  stomach.  It  sends  communicating  offsets  to  the  cceliac,  splenic,  and 
il  plexuses.  The  left  nerve  applies  itself  to  the  anterior  surface  and  lesser  cur- 
ire  of  the  stomach,  to  which  it  is  distributed.  It  sends  communicating  offsets 
g  the  lesser  curvature  of  the  stomach  to  the  right  pneumogastric,  and  l)etween 
layers  of  the  small  omentum  to  the  hepatic  plexus. 

The  Thoracic  Plexuses. 

Cardiac  Plexuses. — The  cardiac  branches  of  the  X)neumogastric  nerve  (both 
deal  and  thoracic)  combine  with  the  cervical  cardiac  branches  of  the  sympathetic 
orm  the  superficial  and  deep  cardiac  plexuses. 

The  superficial  cardiac  plexus  is  placed  in  the  hollow  of  the  aortic  arch, 
erficial  to  the  pericardium.  It  contains  a  small  ganglion  (ganglion  of  Wrisberg), 
I  is  joined  by  two  small  nerves — (1)  the  cardiac  branch  from  the  su]>erior 
deal  ganglion  of  the  sympathetic,  and  (2)  the  inferior  cervical  cardiac  ])ranch 
he  pneumogastric — both  of  the  left  side — which  reach  it  after  passing  over  the 
h  of  the  aorta. 

Branches  and  Communications. — From  the  plexus  branches  of  communication 
8  (1)  to  the  left  half  of  the  deep  cardiac  plexus,  bet\vcen  the  aortic  arch  and  the 
urcation  of  the  pulmonary  artery;  (2)  to  the  left  anterior  pulmonary  plexus 
Dg  the  left  branch  of  the  pulmonary  artery ;  (3)  the  branches  of  distribution  to 
>  heart  extend  along  the  ])ulmonary  artery  to  join  the  anterior  or  right  coronary 
xns,  which  suppUes  the  substance  of  the  heart  in  the  course  of  the  right 
onary  artery. 
48  5 
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The  deep  cardiac  plexus  is  much  the  larger.  It  is  placed  behind  the  arch  of 
the  aorta,  on  the  sides  of  the  trachea,  just  above  its  bifurcation.  It  consiBto  of 
two  lateral  parts  Joiued  together  by  numerous  communications  around  the  termiiui- 

tion  of  the  trachea  The  two  portions  of  the  plexus 
are  different  in  their  constitution  and  distribution 
The  right  half  of  the  plexus  is  joined  by  both  the 
cervical  and  thoracic  branches  of  the  right  pneumo- 
gastric  and  by  the  branches  of  the  right  inferior 
laryngeal  nerve,  as  well  as  by  branches  from  the 
superior,  middle,  and  inferior  cervical  ganglia  of  the 
sympathetic.  The  left  half  of  the  plexus  is  joined  bj 
the  superior  cervical  cardiac  branch  of  the  left  pneumo- 
gastric,  by  branches  from  the  left  inferior  laryngeal 
nerve,  and  by  branches  from  the  middle  and  inferior 
cervical  ganglia  of  the  left  sympathetic;  it  also 
receives  a  contribution  from  the  superficial  cardiac 
plexus. 

The  deep  cardiac  plexus  is  distributed  to  the 
heart  and  lunga  The  right  half  of  the  plexus  for 
the  most  x>art  constitutes  the  anterior  or  right  eonauj 
plexus,  reaching  the  heart  alongside  the  ascending 
aorta,  and  is  distributed  to  the  heart  substance  in 
the  course  of  the  right  coronary  artery.  It  is  rein- 
forced by  fibres  from  the  superficial  cardiac  plexus, 
which  reach  the  heart  along  the  pulmonary  artery. 
Fibres  from  the  right  half  of  the  deep  cardiac  pleiua 
pass  also  to  join  the  posterior  or  left  coronary  plexas, 
and  others  extend  outwards  to  join  the  anterior 
pulmonary  plexus  of  the  right  side. 

The  left  half  of  the  deep  cardiac  plexus,  reinforced 
by  fibres  from  the  superficial  cardiac  plexus,  is  dis- 
tributed to  the  heart  in  the  form  of  the  laft  or 
posterior  coronary  plexus,  which  is  joined  by  a  few 
fibres  behind  the  pulmonary  artery  from  the  right 
half  of  the  plexus,  and  supplies  the  heart  substance 
in  the  course  of  the  left  coronary  artery. '  The  1^ 
half  of  the  plexus  contributes  also  to  the  left  antoior 
pulmonary  plexus  by  fibres  which  extend  outwards  to 
the  root  of  the  lung  along  the  left  branch  of  the 
pulmonary  artery. 

Pulmonary  Plexuses. — As  already  stated,  the 
pneumogastric  nerve  on  each  side,  on  reaching  the 
back  of  the  root  of  the  lung,  breaks  up  into  numerous 
plexiform  branches  for  the  formation  of  the  posterior 
pulmonary  plexus.  From  each  nerve  a  few  fibres  pass 
to  the  front  of  the  root  of  the  lung,  al)ove  its  upper 
border,  to  form  the  much  smaller  anterior  pulmonary 
plexus, 
enicai  caniiac  branches  of  vagus ;  The  anterior  pulmonaiy  plexus  on  each  side  is 
p.c.p  Deep  cardiac  plexus ;  S.C.P,    •  jj^^j  |^     ^  f^^y  f^y^^^^  fj.^^^  th^  corresponding  part  0^ 

SuiK-rhcial  cardiac  plexus;  A.P.P,    ** .        ■,       '^  ,.  ,  ,  i.i       i    Pz.      vi     £^«» 

Anterior  pulmonary  plexus;  iM».p,  the  deep  cardiac  plcxus,  and  ou  the  left  side  ftoai 
i>osterior  pulmonary  i»ii'xu.s ;  the  Superficial  curdiac  plexus  as  well.  It  surround*^ 
R.car.i\  RiKht,  and  L-Car.p,  Left        |  supplies  the  Constituents  of  the  root  of  the  lung 

coronary  plexuses;    Art.Pul,    Pul-  .  ^| 

monary  artery.  anteriorly. 

The  posterior  pulmonary  plexus,  placed  behia*-^ 
the  root  of  the  lung,  is  formed  by  the  greater  part  of  the  pneumogastric  nerv«? 
reinforced  by  fine  branches  from  the  second,  third,  and  fourth  thoracic  ganglia 
of  the  sympathetic.  Numerous  branches  proceed  from  it  in  a  plexiform  manner 
along  the  bronchi  and  vessels  into  the  substance  of  the  lung. 


Fiti.  533. — The  Constitdtion  of 
THK  Cardiac  Plexuses. 

Sy,  CVrvioal  sympathetic  conl  ;  (M, 
Superior,  C.2,  Middle,  and  (-.3,  In- 
ferior cenical  ganglia;  Car.  1,  Su- 
perior, Car.  2,  Middle,  and  Car.  3, 
Inferior  cen'ical  caniiac  sympa- 
thetic branches ;  Va,  Pneumogastric 
nerve ;  K.L,  Recurrent  laryngeal 
nerve ;  8,  Superior,  and  i,  Inferior 
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CEsophageal  Plexus  (plexus 
iaj).  —  The  oesophagus  in  the 
)rax  is  supplied  by  the  pneumo- 
itric  nerve  both  in  the  superior 
i  posterior  mediastinum.  In 
superior  mediastinum  it  receives 
iiches  from  the  pneumogastric 
ve  on  the  right  side,  and  from 
recurrent  laryngeal  branch  on 

left  side. 

In  the  posteruyi*  mediastinum 
8  surrounded  by  the  oesophageal 
xus,  formed  from  the  trunks  of 
I  pneumogastric  nerves  emerg- 
;  from  the  posterior  pulmonary 
xus,  which  form  a  large  plexus 
Tounding  the  gullet.  This  part 
ihe  oesophagus  also  receives  fibres 
m  the  great  splanchnic  nerve 
Iganglion.  Fromthecesophageal 
IX  us  branches  supply  the  mus- 
Ar  wall  and  mucous  membrane 
the  oesophagus. 

Pericardiac  hrancheB  are  also 
^plied  from  the  plexus  to  the 
jterior  surface  of  the  peri- 
•dium. 

Thb  Eleventh  or  Spinal 
Accessory  Nerve. 

The  spinal  accessory  nerve  (n. 
3essorius)  consists  of  two  es- 
itially  separate  parts,  different 
th  in  origin  and  in  distribution, 
le  portion  is  accessory  to  the 
gOB  nerve,  and  arises,  in  .series 
th  the  fibres  of  that  nerve,  from 
B  side  of  the  medulla  oblongata, 
le  other,  spinal  portion,  arises 
)m  the  lateral  aspect  of  tht^ 
inal  c/)rd,  between  the  ventral 
d  dorsal  r<x>ts  of  th(»  spinal 
rves,  its  origin  extending  from 
e  level  of  the  accessory  |K)rtion 

low  ii8  the  origin  of  the  sixth 
rvical  nerve  (for  the  deep  origin, 
e  p.  516).     Successively  joining 

gether,  the  rootlets  form  a  trunk   p,,,  534.--THE  d,stu,«ltion  ok  the  I'neumooastrk  Nehve. 
hich   a-scends    m    the    sub<  ura    ^.^^^  ,.^  ,^   ,^.^,,^  ^^^^^  ,^^^  ^.^^. .  ^  ,,^,,^ij„,,  ^,  ^^^  ^^^  ^^^^^ 

«Ce   ot    the    spinal    cord,   behind  coimexiona  with  Sy,  Sympathetic,  Mipt-rior  cervical  gaiig- 

»e  ligamentum  denticulatum,  to  '»«"  ;    ^i.Ph,    aiosso-pharyngeal ;    Acc,    Spinal    accessory 

le  foramen  matmum        There  the  "^*''®  '    ™'  >i^"»"Keal  branch  ;  Aur,  Auricular  branch  ;  t. 

icn)nimcn  md^num.       intrc  im  (Jangliou  of  the  trunk  ana   connexions  with    Ily,   Hypo- 

glossal nerve  ;  CI,  (.'2,  Loop  between  the  first  two  cervical 
nenes  ;  Sy,  Sympathetic  ;  Acc,  Spinal  accessory  nerve  ;  Ph.  IMiaryngeal  branch  ;  Ph.  1*1,  Pharyngeal  plexus  ; 
S.L.  Sni»erior  laryngeal  nerve;  I.L,  Internal  laryngeal  branch;  E.L,  External  laryngeal  bmnch  ;  I.l', 
Intenial,  and  E.C,  External  carotitl  arteries  ;  Cal,  SniH'rior  cervical  canliac  V)ranch  ;  Ca2,  Inferior  cervical 
•anliac  branch  ;  RL,  Recurrent  laryngeal  nerve  ;  Ca3,  Cardiac  branches  from  recurrent  laryngeal  ner\-es  ; 
Ca4,  Thoracic  canliac  branch  (right  vagus) ;  A.P.Pl,  Anterior,  and  P.P. PI,  Posterior  pulmonary  ])Iexuses  ; 
0«s.Pl,  CEsophageal  plexus;  (;a.st.R,  and  (isist.L,  (iastric  ))ranches  of  vag\i8  (right  and  left);  C«u.Pl, 
Cceliac  plexus  ;  Hep. PI,  Hepatic  plexus  ;  Spl.Pl,  Splenic  plexus  ;  II<mi.P1,  Renal  plexwR, 
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caccessory  and  spinal  portions  unite  into  a  single  trunk,  which  leaves  the  cranial 
cavity  through  the  jugular  foramen  in  the  same  compartment  of  dura  mater 
as  the  ])neumogastric  nerve  (Fig.  522,  p.  678). 

In  the  jugular  foramen  the  accessory  portion 

of  the  nerve  (after  furnishing  a  small  branch  to 
the  ganglion  of  the  root  of  the  pneumogiutnc 
nerve)  applies  itself  to  the  ganglion  of  the  trunk, 
and  in  part  joins  the  ganglion,  in  part  the  trunk 
of  the  nerve  Ixjyond  the  ganglion.  By  means  of 
these  connexions  the  pneumogastric  receives 
\iscero-motor  and  cardio-inhibitory  fibres. 

Tiie  spinal  portion  of  the  nerve  extends  iuto 
the  neck,  where  at  first  it  lies  along  with  other 
nerves,  in  the  interval  between  the  internal 
carotid  artery  and  the  internal  jugular  vein. 
Passing  obliquely  downwards  and  outwards  over 
the  vein,  it  descends  beneath  the  stemo-mastoid 
muscle,  which  it  supplies  as  it  pierces  it  on  its 
deep  surface.  After  crossing  the  posterior 
triangle  the  ner\^e  ends  by  supplying  the 
trapezius  muscle  on  its  under  surface.  The 
spinal  portion  of  the  nerve  communicates  in  three 
situations  with  nerves  from  the  cervical  plexus— 
(1)  in  or  beneath  the  sterno-mastoid,  with  the 
branch  for  the  muscle  derived  from  the  second 
cervical  nerve ;  (2)  in  the  posterior  triangle,  wlh 
branches  from  the  third  and  fourth  cervical 
nerves;  (3)  l)eneath  the  trapezius,  with  the 
branches  for  the  muscle  derived  from  the  third 
and  fourth  cervical  nerves. 


The  Twelfth  or  Hypoglossal  Nervk. 


Fig.  535. — Schkme  of  the  Origin,  Con- 
nexions,   AND    DiSTIUBDTION    OF    THE 

Spinal  Accessoky  Nerve. 

Sp.Ace,  Spinal  accessor}'  nerve  ;  C.1-4,  First 
four  cervical  nerN'es  (dorsal  roots) ; 
Va,  Pneumogastric  nerve ;  R,  Ganglion  mi       i  /       i  \      • 

of  the  root ;  i\  (Ganglion  of  the  trunk ;  The  hypoglossal  ncrvc  (n.  hypoglossus)  ansBS 
G.Ph,  Glossopharyngeal  nerve ;  s.M,  by  numcrous  radicles  from  the  front  of  the  iiied- 
n:".::  \:  tt™:;«lf7irF!.^'^.;  uUa  oblongata  l«tween  the  pyramid  and  the  _o^ 

magnum;  J.F,  Jugular  foramen.  (Fig.  ol7,   p.    675)   (lor   deep   OHgin,  See  p.  olo) 

The  root  fibres  arrange  themselves  in  two  bundlefl 
which  separately  pierce  the  dura  mater,  and  unite  in  the  anterior  condyloid  foramen, 
or  after  emerging  from  the  skull.  In  the  neck  the  nerve  arches  downwank 
and  forwards  towards  the  hyoid  bone,  a^d  then  turns  inwards  among  the  supra- 
hyc>id  muscles  to  the  tongue.  At  first  it  is  placed  deeply,  along  with  other  cranial 
nerves  on  the  outer  side  of  the  internal  carotid  artery ;  it  then  curves  forwards 
and  downwards  over  the  two  carotid  arteries  lying  beneath  the  digastric  and  stylo- 
hyoid muscles.  As  it  crosses  the  external  carotid  artery  it  hooks  round  the  occipital 
artery.  Above  the  great  cornu  of  the  hyoid  bone  the  nerve  conceals  the  Ungual 
artery ;  and  it  then  disappears  between  the  my lo- hyoid  and  hyo-glossus  muscles  to 
reach  the  tongue,  in  the  muscular  substance  of  which  it  terminatea 

Communications. — lu  its  course  the  hypoglossal  nerve  has  the  following  oommuuict- 
tious  with  other  nerves : — Near  the  base  of  the  skull  it  is  connected  by  small  brancheB 
with  (1)  the  superior  cervical  ganglion  of  the  sympathetic ;  (2)  the  ganglion  of  the  trunk 
of  the  pneumogastric  ;  (3)  by  a  larger  branch,  with  the  loop  between  the  first  two  cervical 
nerves ;  (4)  as  it  crosses  the  external  carotid  artery  it  receives  a  communication  from  the 
j)liaryngeal  plexus  {lingual  branch  of  the  vagm) ;  and  (5)  beneath  the  mylo-hyoid  muscle, 
at  the  anterior  border  of  the  hyo-glossus,  it  forms  loops  of  communication  with  the  liugual 
branch  of  the  inferior  maxillary  nerve. 

The  branches  of  the  nerve  are: — (1)  Recurrent;  (2)  Descending;  (3)  Thyro- 
hyoid ;  and  (4)  Lingual. 
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The  reenrrent  branch  passes  from  the  nerve  near  its  orign  to  supply  the  dura 
iter  of  the  posterior  fossa  of  the  base  of  the  skull.  It  probably  derives  its  fibres 
>m  the  communication  with  the  first  and  second  cervical  nerves. 

The  descending  hypoglossal  nerre  (n.  descendens)  is  the  chief  branch  given  off  in 
e  neck.  It  arises  from  the  hypoglossal  nerve  as  it  crosses  the  internal  carotid 
tery,  and  descends  in  the  anterior  triangle  in  front  of  the  carotid  sheath.  It  is 
ined  about  the  middle  of  the  neck  by  the  descending  cervical  nerve  (from  the 
Dond  and  third  cervical  nerves).     By  their   union  the  hypoglossal  loop  (ansa 


Htpoglosbal  kkbve      Vaous  nerve 
Ri.v  rnnEN  r  bjiaN'  m     |      \     8u|>en'>r  ci-rrlctl  if*ngHnn  of  thp  synipiitlitttic 

FIB8T  CEBTICAL  KimvC 

Second  ckrtical  itervei 

GLOSBO-P  H  AK  V  NOKA  L 

Third  cmrnvtcAt  menvr 


rHARVtIORAL  BK*:*^;!  Or  VAOni 

Dlgustric 
DEi«cR»i}iore  BrFoaLoam 

Middle  constHctor 

InTKRKAL  LARTRrtEAL  WRRYR 

Inferior  coDftrictor 


iin 


OincNhjcId 


UyogloSHUs 
Genio-hyoglossus 

Geuio-liyoid 
Mylo-hyoid  (cut) 
Digastric 

Thyro-hyoid 


PiQ.  536.— The  Muscles  of  the  Hyoid  Bone  and  Styloid  Process,  and  the  Extrinsic  Miscles  (»f 

THE  Tongue  with  their  Nerves. 

iiypogloisi)  is  formed,  from  which  ])ranche8  are  distributed  to  the  majority  of  the 
infra-hyoid  muscles — both  bellies  of  the  omo-hyoid,  the  sterno-hyoid,  and  the 
?temo- thyroid.  The  descending  hypoglossal  nerve  derives  its  fibres  from  the  com- 
munication to  the  hypoglossal  nerve  from  the  loop  lietween  the  first  and  second 
wrvical  nerves ;  so  that  the  ansa  hypoglossi  is  made  up  of  fibres  of  the  first  three 
^nrical  nerves. 

The  nerve  to  the  thjrro-hyoid  muscle  is  a  small  branch  which  arises  from  the 
hypoglossal  nerve  before  it  passes  beneath  the  mylo-hyoid  muscle.  It  descends 
l^hind  the  great  cornu  of  the  hyoid  bone  to  reach  the  muscle.  When  traced 
Wkwards  this  nerve  is  found  associated  with  the  l<x)p  between  the  first  and  second 
<^ical  nerves. 
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The  lingual  branches  of  the  hypoglossal  nerve  are  distributed  to  the  hyo-gloans, 
geiiio-hyoid,  and  genio-hyo-glossus,  and  to  all  the  intrinsic  muscles  of  the  tongue 
The  nervo  to  the  genio-hyoid  is  said  to  be  derived  from  the  loop  between  the 
first  and  second  cervical  nerves.  It  is  not  known  if  these  two  nerves  are  implicattil 
in  the  innervation  of  the  proper  muscles  of  the  tongue,  but  it  appears  certain  tkt 
the  muscles  named — the  genio-hyoid,  thyro-hyoid,  stemo-hyoid,  omo-hyoid,  and 
sterno-thyroid — are  not  supplied  by  the  hypoglossal,  but  only  by  cervical  nerves, 
the  genio-liyoid  by  the  first  two,  the  other  muscles  by  the  first  three  cervical  nenes. 

THE  DEVELOPMENT  OF  THE  CRANIAL  NERVES. 

Omitting  the  first  and  second  nerves,  there  is  an  obvious  likeness  in  tlif 
development  uf  the  several  cranial  nerves  to  the  formation  of  the  dorsal,  afferent  or 
sensory,  and  the  ventral,  efferent  or  motor,  roots  of  the  spinal  nerves.  The  affernt 
roots  of  the  cranial  nerves  arise  from  collections  of  cells  which  bud  off  from  the 
alar  lamina  of  the  brain,  homologous  with  the  dorso-lateral  part  of  the  spinal  coni 
These  cells  give  rise  to  central  and  peripheral  processes,  like  the  similar  procesaes 
from  the  dorsixl  ganglia  of  the  spinal  nerves,  producing  on  the  one  hand  the  root 
fibres  connected  with  the  imiin,  and  on  the  other  hand  the  fibres  of  the  nene 
proceeding  to  the  periphery.  The  efferent  roots,  like  the  ventral  roots  of  the  spinal 
nerves,  arise  as  the  i>eripheral  processes  of  neuroblasts  located  in  the  basal  lamina 
of  the  primitive  brain,  which  is  homologous  with  the  ventro-lateral  portion  of  the 
spinal  cord.  The  different  efferent  nerves  may  be  separated  into  two  s«*rie>, 
according  as  they  arise  from  the  mesial  or  lateral  parts  of  the  basal  lamina.  The 
third,  fourth,  sixth,  and  twelfth  nerves  arise  from  the  mesial  part  of  the  Limina;  the 
eHerent  fibres  of  the  fifth,  seventh,  ninth,  tenth,  and  eleventh  nerves  arise  fi-ointhe 
lateral  ])art  of  the  lamina. 

The  olfactory  nerves  are  associated  in  their  development  with  the  formation  of  the 
nasixl  pit  and  the  olfactory  bulb. 

The  nasal  pits  appear  in  each  side  of  the  front  of  the  head  at  a  little  later  period  thao 
the  formation  of  the  lens  and  the  auditory  vesicle.  They  become  converted  into  the  luuad 
cavities  by  the  formation  of  the  pre-oral  visceral  clefts  and  arches, — fronto-uasal  and 
cthino-vomerine  in  the  middle  line,  and  lateral  ethmoid  and  maxillary  processes  at  the 
sides  (p.  38). 

The  Rhinencephalon  or  olfactory  bulb  is  a  hollow  outgrowth  from  each  teleucephaloo 
or  cerehral  hemisphere,  which  appears  in  the  first  month,  it  grows  forwards  into  rehim 
with  the  deep  surface  of  the  nasiU  pit.  In  many  animals  (as  in  the  .horse)  the  olfactory 
hulb  roimiins  hollow  ;  but  in  the  human  subject  it  loses  its  lumen  and  becomes  a  solid 
bulb  (olfactory  bulb)  connected  to  the  brain  by  a  narrow  stidk,  the  olfiactory  tract 

'I'he  epithelium  of  the  nasal  pit  is  responsible  for  the  formation  of  the  olfactory  uerves. 
'f here  arc  two  views  as  to  the  mode  of  their  development  from  the  epithelial  cells.    Both 
views  admit  the  proliferation  of  the  epithelium  of  the  nasal  pit  so  as  to  produce  neuroU'iMt. 
AccordiuL^  to  the  one  view  these  neuroblasts  detach  themselves  from  the  epithelial  surface, 
and  constitute  an  olfactory  ganglion  which  becomes  applied  to  and  incor^wrated  with  the 
olfactory  bulb.     The  cells  of   the  ganglion   become   bi-polar,  and   the   peripheral  axons 
constitute  the  olfactory  nerves,  while  the  central  axons  (in  the  second  month)  proceed  back- 
waixls  to  the  brain  along  the  olfactory  tract.    According  to  the  other  view  (based  on  Disse's 
investigations),  the  proliferating  cells  of  the  nasal  epithelium  remain  in  the  wall  of  the 
nasal  pit,  and  become  the  olfactory  cells  of  the  nasal  cavity,  with  peripheral  processes 
I)rojecting  to  the  surface  of  the  epitheHum.     Their  centnil  axons  become  the  olfactory 
nerve  fibres  which  end  in  the  olfactory  bulb,  forming  dendrites  associated  with  the  dendritic 
processes  of  the  nerve-cells  of  the  bulb.     The  central  axons  of  these  latter  cells  develop 
into  the  fibres  of  the  olfactory  tract. 

The  optic  nerve  is  developed  wholly  from  the  brain.  Us  formation  begins  with  the 
outjjjrowth  of  the  optic  vesicle,  a  paired  hollow  outgrowth  from  the  ventral  surface  of  the 
thalamencephalon.  The  epiblastic  invagination  of  the  lens,  growing  inwards  from  the 
surface  of  the  head,  causes  the  collapse  of  the  vesicle  and  its  conversion  into  the  vj^ 
cup,  the  narrow  tube  connecting  the  vesicle  to  the  brain  becoming  the  optic  stalk.  Thi^ 
stalk  becomes  solid,  and  forms  the  basis  of  the  optic  tract,  optic  commissure,  and  opti<^ 
nerve.  The  optic  cup,  bilaminar  in  form,  and  by  its  edge  clasping  the  lens,  is  embe^kc^ 
in  mesoblastic  tissue,  which  gives  rise  to  the  envelopes  of  the  eyeball,  etc.     The  oitf^ 
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n-  of  the  optio  cup  produces  the  layer  of  hexagonal  pigment  cells  of  the  retina.  The 
a  of  the  inner  layer  produce  the  tissue  of  the  retina  proper.  They  form  neuroblastH 
h  peripheral  and  central  processes.  The  peripheral  processes  are  converted  into  retinal 
ve  tissues ;  the  central  processes  extend  backwards  along  the  optic  stalk,  and  give  rise 
the  fibrous  structure  of  the  optic  nerve,  optic  commissure,  and  optic  tract.  Spongio- 
sts  in  the  inner  lamina  of  the  optic  cup  produce  the  sustentacular  tissue  of  the  retina 
liner's  fibres).  The  mesoblastic  tissue  surrounding  the  optic  cup  and  lens  gives  rise  to 
)  rest  of  the  structure  of  the  eyeball,  the  formation  of  which  is  described  in  the  section 
ich  deals  with  the  organs  of  sense. 

The  oculo-motor  nerve  arises,  like  the  ventral  root  of  a  spinal  nerve,  from  a  group 
neuroblasts  in  the  mesial  part  of  the  basal  lamina  of  the  mid-brain.  The  peripheral 
res  extend  forwards,  to  end  around  the  optic  cup  in  the  mesoblastic  tissue,  from  which 
^  eye  muscles  are  derived.  Numerous  cells  are  carried  along  with  the  cell  processes  in 
3ir  course,  and  these  have  been  described  as  being  concerned  in  the  formation  of  the 
iary  ganglion. 

The  trochlear  nerve  also  arises  from  a  group  of  neuroblasts  occupying  the  mesial 
rt  of  the  basal  lamina  of  the  mid-brain,  close  to  its  junction  with  the  hind-brain.  The 
ripberal  processes  do  not  emerge  directly  from  the  brain,  but  extend  dorsally  from  their 
gin  along  the  side  of  the  brain  to  its  dorsal  aspect,  where  they  appear,  after  decussating 
th  the  fibres  of  the  opposite  nerve,  just  behind  the  quadrigeminal  lamina. 

The  trig^eminal  nerve  is  developed  by  means  of  a  large  dorsal  and  a  small  ventral 
)t.  Their  origin  to  a  large  extent  resembles  the  mode  of  formation  of  the  roots  of  a 
nal  nerve. 

The  large  dorsal  (afferent)  root  is  formed  by  means  of  a  cellular  bud  from  the  alar 
aina  of  the  hind-brain.  This  bud  separates  from  the  brain,  and  forms  the  Gasserian 
uglion.  Its  cells  becoming  bipolar,  like  the  cells  of  a  spinal  ganglion,  are  secondarily 
iiiected  with  the  brain  by  means  of  their  central  processes ;  while  the  peripheral  pro- 
ves, separating  into  three  groups,  proceed  along  the  fron to-nasal  and  maxillary  processes, 
d  along  the  mandibular  arch,  to  form  the  three  main  divisions  of  the  nerve.  Numerous 
Is  accompany  each  main  division  in  its  course  from  the  ganglion,  and  form  eventually 
e  subordinate  ganglia — the  ciliary  on  the  ophthalmic  nerve,  the  spheno-palatine  on  the 
perior  maxillary  nerve,  and  the  otic  ganglion  on  the  inferior  maxillary  nerve. 

The  small  ventral  (efferent)  root  of  the  trigeminal  nerve,  like  the  motor  ventral  root 

a  spinal  nerve,  is  later  in  its  appearance  than  the  sensory  root.  It  arises  as  the  peri- 
leral  fibres  of  a  group  of  neuroblasts  occupying  the  lateral  part  of  the  basal  lamina  of 
e  hind-brain,  which  proceed  directly  to  the  surface  to  join  the  inferior  maxillary  division 

the  nerve. 

The  abducent  nerve  resembles  in  its  mode  of  development  the  oculo-motor  and 
ochlear  nerves  with  which  in  its  origin  it  is  in  series.  It  is  formed  by  the  peripheral 
-ocesses  of  a  group  of  neuroblasts  in  the  mesial  part  of  the  basal  lamina  in  the  upper 
irt  of  the  hind-brain.  These  processes  pierce  the  part  of  the  brain  in  which,  at  a  later 
age,  the  fibres  of  the  pyramid  are  developed.  They  then  proceed  to  the  mesoblastic 
ssue  round  the  optic  cup,  which  is  destined  to  form  the  eye  muscles. 

The  facial  nerve  has  developmentally  a  double  origin.  (1)  In  connexion  with 
le  formation  of  the  auditory  nerve  a  group  of  cells  becomes  separated  from  the  alar 
mina  of  the  hind-brain  opposite  the  auditory  vesicle.  This  group  becomes  sepamtcd 
ito  three  parts,  of  which  the  middle  portion  is  the  rudiment  of  the  geniculate  ganglion 
>r  afferent  root).  (2)  The  efferent  root  of  the  nerve  arises  from  a  group  of  neuroblasts 
I  the  lateral  part  of  the  basal  lamina  of  the  hind-brain,  in  series  with  eftereiit  fibres  of 
le  vago-glosso- pharyngeal  ucrves;  after  a  tortuous  course  within  the  brain  it«  fibres 
nerge  beneath  the  above-mentioned  cellular  mass,  opposite  the  auditory  vesicle.  They 
re  joined  by  the  ganglionic  root,  and  in  their  course  round  the  auditory  vesicle  become 
tnbedded  in  the  auditory  capsule  (aqueduct  of  Fallopius).  The  chorda  tympani  nerve 
ppears  early  as  a  branch  of  the  facial  nerve.  It  is  probable  that  the  pars  intermedia, 
be  geniculate  ganglion,  and  the  chorda  tympani  nerve  together  represent  the  dorsal 
fferent  element  in  the  constitution  of  this  nerve. 
The  auditory  nerve  arises  as  a  cellular  bud  from  the  alar  lamina  of  the  hind-brain, 

owal  to  the  efferent  portion  of  the  facial  nerve  and  opposite  to  the  auditory  vesicle,  and 
u  close  association  with  the  latter. 

Becoming  separated  from  the  brain,  the  cellular  mass  separates  into  three  portions,  of 
«^hich  the  middle  part  is  associated  with  the  facial  nerve  and  pars  intermedia  (as  the 
;eniculate  ganglion),  while  the  mesial  and  lateral  parts  are  converted  into  the  mesial 

vestibular)  and  lateral  (cochlear)  ganglia  and  roots  of  the  auditory  nerve,     Th^  <ie\\»» 
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becoming  bipolar,  their  central  processes  are  secondarily  connected  with  the  brain  od 
the  dorsal  (lateral)  aspect  of  the  facial  nerve ;  the  peripheral  processes  proceed  to  the 
auditory  vesicle,  to  which  they  are  distributed  as  the  vestibular  and  cochlear  nenes. 
Numerous  cells  are  carried  along  with  the  nerve  trunks  into  relation  with  the  auditory 
ciipsule,  and  constitute  the  vestibular  and  cochlear  ganglia. 

The  glosso-pharyngeal  and  pneumogastric  nerves  are  developed  from  the  side 
of  the  hind-brain,  both  in  the  same  way,  and  each  by  two  roots.  A  collection  of  cells 
separates  itself  from  the  alar  lamina  of  the  hind-brain  behind  the  auditory  vesicle  to  fonn 
the  ganglionic  afferent  root.  The  ganglion  of  the  pneumogastric  is  much  larger  than  tkt 
of  the  glosso-phar}'ngeal.  Each  ganglion  becomes  divided  into  two  parts,  a  proximal  and  & 
distal  portion,  connected  together  by  a  commissural  band  of  fibres.  The  proximal  ganglion 
(jugular  ganglion  of  the  glosso-pharyngeal ;  ganglion  of  the  root  of  the  pneumogastric) 
is  secondarily  coimected  by  centripetal  fibres  to  the  hind-brain.  From  the  distal  ganglioo 
(petn)us  ganglion  of  the  glosso-pharyngeal ;  ganglion  of  the  trunk  of  the  pneumogastric) 
peripheral  fibres  grow  outwards  to  form  the  nerve  tnnik. 

Each  nerve  is  also  provided  with  a  small  efferent  root,  consisting  of  nerve  fibres, 
arising  from  a  collection  of  neuroblasts  in  the  lateral  part  of  the  basal  lamina  of  the  hind- 
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v.vi.vni.ix.x. 

A  '>^>^"'  "'"'  B 

Fkj.  537. — Comparison  of  Origins  of  Nrkve  Roots  from  Spinal  Cord  and  Hind-Brain  (after  HisV 

A.  Spinal  cord  ;  B.   Hind -brain. 

brain,  and  emerging  beneath  the  ganglionic  root  at  the  junction  of  the  alar  and  bottl 
lamina*  (in  series  with  the  fibres  of  the  efferent  root  of  the  facial  nerve  above  and  of  the 
spinal  accessory  nerve  below). 

The  spinal  accessory  nerve  arises  in  two  parts — one  medullary,  the  other  spiwJ.  | 
The  medullary  (accessory)  portion  develops  as  the  processes  of  a  series  of  neuroblasts  iB 
the  lateral  portion  of  the  basal  lamina  of  the  hind-brain,  which  emerge  in  series  with  the 
efferent  roots  of  the  glosso-pharyngeal  and  pneumogastric  nerves.  The  spinal  portioB 
arises  as  the  processes  of  a  group  of  neuroblasts  in  the  ventral  part  of  the  medullary  tube 
(anterior  cornu),  which,  turning  outwards,  emei-ge  as  a  series  of  roots  on  the  lateral  aspect 
of  the  spinal  cord. 

The  hypoglossal  nerve  is  developed,  not  in  series  witli  the  nerves  above  mentioned, 
but  like  the  third,  fourth,  and  sixth  nerves,  from  the  mesial  part  of  the  basal  lamiDa 
of  the  hind-brain,  in  the  space  between  the  glosso-pharyngeal  and  other  ner^'es  above, 
and  the  first  cervical  nerve  below.  It  is  formed  as  a  series  of  peripheml  processes  from  a 
collection  of  neuroblasts  occupying  the  hind -brain.  Froriep's  ganglion  is  a  transitory 
collection  of  nerve  cells  developed  from  the  alar  lamina  of  the  hind-brain  on  the  donal 
aspect  of  the  nerve,  and  represents  in  a  rudimentary  condition  its  dorsal  ganglionic  root. 
It  gives  off  no  branches  and  soon  disappears. 

THE  MORPHOLOGY  OF  THE  CRANIAL  NERVES. 

The  head  and  fac.e,  possibly  the  oldest,  and  from  every  point  of  view  the  most  fundamental. 
and  important  portion  of  the  bodily  fabric,  present  iu  some  respects  a  more  conservative  type  <^^ 
stnwturef  and  in  other  aspects  have  been  subject  to  more  profoimd  alterations  than  other  p«rt^ 
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of  the  body.  Segmentation  is  chaiacteiistic  of  the  tiunk,  pervading  bones,  muscles,  ves4;i'ls,.aiul 
nerves.  An  absence  of  true  segmentation  is  cliaracteristic  of  the  head  region — omitting  for  the 
moment  the  cranial  nerves.  The  head  is  characterised  bv  the  possession  of  an  unsegmented 
tubular  nervous  system,  enclosed  in  a  bony  capsule  not  obviously  segmental,  with  which  the 
lapsules  of  the  sense-organs  become  united.  The  pi-e-oral  and  post-oral  visceral  arches  and  clefts 
ai-e  not  truly  segmental  like  the  costal  ai-ches  of  tue  trunk.  The  branchial  clefts  are  said  to  be 
inter-se-gmental ;  and  their  muscles  (associated  with  tlie  myoblast  sun-ounding  the  developing 
lieiirt)  are  described  as  viscerjil,  and  not  myotomic,  so  that  the  branchial  vessels  and  nerves 
(simiLirly)  are  not  to  be  regjirded  as  comparable  to  the  segmental  vessels  and  nerves  of  the  trunk. 
The  truly  segmental  structures  present  are  certain  j^i-sistent  myotomes  or  muscle  platen*,  which 
give  rise  to  musiles  innervat^id  by  the  third,  fourth,  sixth,  and  twelfth  cranial  nerves. 

Anotlier  difficulty  in  the  morphology  of  the  head  arises  in  the  absence  of  body  cavity,  and 
the  consequent  difficulty  of  dilferentiating  the  somatic  and  si)lanchnic  mesoblast,  and  the  somatic 
and  splanchnic  distribution  of  a  given  nerve. 

Under  the.se  circumstances  there  is  little  help  to  be  derived  from  head  structures  other  than 
the  nerves  themselves  in  seeking  a  solution  of  the  question  of  the  morphological  relations  of  the 
cranial  nerves.  The  spinal  nerves  are,  generally  speaking,  all  alike.  The  cranial  nerves,  on  the 
other  hand,  are  all  diilerent.  Scarcely  any  two  nerves  are  alike ;  and  no  single  cranial  nerve 
possessiies  in  itself  all  the  characteristic  features  of  a  spinal  nerve.  As  seen  in  rehition  to  their 
development,  the  cranial  nervous  system  possesses  a  series  of  dorsal  ganglia,  conii)arable  in 
position  and  development  to  the  spinal  ganglia  from  which  afferent  nerves  arise  ;  and  tlie 
efferent  roots  are  developed  in  the  same  way,  and  occupy  somewhat  the  same  position  as  the 
ventral  roots  of  the  spinal  nerves.  But  there  is  no  single  complete  segmental  nerve  in  the  head. 
The  verv  essence  of  the  architecture  of  the  head  is  a  want  of  segmentation ;  and  this  character 
is  shared  by  the  cranial  nerves.  In  addition  it  must  be  borne  m  mind  that,  in  relation  to  the 
niaunualian  head,  there  are  organs  which  have  no  homologues  in  the  trunk,  and  on  whose 
existence  the  arrangement  of  the  cranial  nerves  depends — e.g.  sense-organs  and  gill-arches. 

Among  the  cranial  nerves  there  are  several  which  possess  a  resemblance  to  one  or  other  of 
the  elements  of  a  typical  spinal  nerve.  In  the  neck  the  origin  of  the  fibres  of  the  spinal 
acct»fory  nerve  is  from  the  side  of  the  spinal  cord,  and  it  is  in  series  with  the  motor  roots  uf 
the  vago-glosso-i)haryiigeal,  facial,  and  fifth  nerves.  His  (as  shown  in  the  account  of  the 
development  of  the  nerves)  lias  described  the  neuroblastic  origin  of  the  motor  roofc^  of  these 
nerves  from  the  lateral  jiart  of  the  basal  lamina  of  the  primitive  bniiu.  They  thus  form  a  aeries 
aj»firt — laterjil  motor  roots — 8ei)arable  from  the  series  of  motor  i-oots  originating  from  the  mesial 
i»artof  the  basal  lamina,  comprising  those  of  the  third,  fourth,  sixth,  and  twelfth  nerves;  the 
latter  nerve  roots  being  comparable  to  and  in  series  with  the  ventral  roots  of  the  sj>inal  nerves. 
The  lateral  motor  roots  are  not  represented  in  the  spinal  series  except  in  the  neck.  It  is 
qu«*!<tional)le  if  there  is  any  fimdamental  distinction  between  the  lateral  and  ventral  motor  roots 
of  the  cranial  nerves.  The  spinal  accessory  fibres,  for  example,  when  traced  into  the  spinal  coi-d, 
have  an  origin  fi-om  the  anterior  comu  of  the  cord,  and  only  differ  from  the  motor  or  ventral 
ro<)t  fil)res  of  a  spinal  nerve  in  their  different  course  to  the  surface.  The  ganglia  in  association 
with  the  cranial  nerves  are  comparable  to  the  spinal  ganglia.  The  fifth  nerve,  with  the  Gasserian 
ganglion,  the  gangli(m  of  the  tacial,  the  ganglia  of  the  auditory,  of  the  glo^<so-pharyngeal  and  the 
Vagus,  and  the  tran.sitory  (Froriep's)  ganglion  of  the  hvpoglossal  nerves,  arise  from  the  brain  in  a 
coiiii>arable  jwjsition,  and  in  the  same  way  as  the  spinal  ganglia.  But  another  serie.s  of  structures 
—the  ^en^5e  organs  of  the  lateral  line,  and  the  so-called  " epibranchial"  organs  whicli  are  highly 
develojKHl  in  lower  vertebrates  (c.y.  ela.smobranchs),  and  which  apjiear  transitorily  only,  or  are 
abtseut  altogether  in  mammali.an  development,  may  pa<«il)ly  have  a  share  in  the  funuation  of 
certain  of  these  ganglia  or  parts  of  them  (eg.  ciliary  ganglion,  geniculate  ganglion,  ganglia  of  the 
auditory  nerve,  i)etr()sal  ganglion  of  the  glosso-i)haryngeal,  and  the  ganglion  uf  the  trunk  of  the 
vagus). 

Certain  of  the  cranial  nerves  are  ajijwii-ently  (iistin<tly  segmental,  supplying  iiinscles  (lerive<l 
fnnii  the  iH'i-sisting  myotomes  of  the  head.  The  first  three  myotomes  are.  said  to  give  rise  to  tin- 
muscles  ot  the  eyeball  The  Jirst  produces  the  superior  n*ctus,  inferior  rectus,  internal  rectus, 
Hnd  inferior  obliipie  muscles,  and  its  segnu*ntid  nerve  is  the  ocalo-motor  The  secomf  myotornr 
i>  md  to  ]»rodu«:e  the  sui)erior  obli([Ue-  muscle,  and  it^s  segmental  nerve  is  the  trochlear.  The 
*hird  nnjoti>nit:  is  sai<l  to  produce  the  external  rectus  muscle,  and  its  segmental  nerve  is  the 
tbdacent.  It  has  been  asserti^l  that  the  tongue  muscles  are  derivt'<l  from  the  last  three  or  four 
cephalic  and  first  cervical  myotomes,  and  that  the  hypoglossal  nerve  is  the  .-^et^iiieiital  nerve  f(»r 
these  myotomes,  comprising  the  motor  elements  of  sevt-ral  ('four  or  live)  segmental  iitMves.  The 
intervening  myotomes  between  the  first  three  and  this  occipital  series  disappearing,  the  corre- 
>I»onding  elenient^s  of  segmental  nerves  are  supposeil  to  be  absent  also  (Fig.  o3^»j. 

Certain  of  the  cranial  nerves  are  e.ss<*ntially  related  to  the  structures  derived  from  and  asso- 
•i<iti4  with  the  pre-oral  and  jnxst-oral  visceral  clefts  and  arches  (Fig.  039;.  The  trigeminal  nerve 
ii  ttsSi-ntially  the  nerve  of  the  mandibular  arch.  By  its  ellV-rent  root  it  supidic^  the  muscles  cd' 
ihat  arch.  By  its  afterent  root  and  branches  it  is  relate*!  to  (1)  the  fronto-nasal  process  (oph- 
'balmic  division  and  ciliary  ganglion) ;  (2)  the  maxillary  arch  (siij)erior  maxillary  nerve) ;  and 
^}  the  mandibular  arch  (inferior  maxillary  nerve;.  The  mandihular  is  at  first  the  main  nei-vt* ; 
•*^»d  tlu-  maxillary  division  is  sometimes  n*gai-de<l  as  a  subonlinate  branch  (prar-bran<liial,  pra*- 
ireiujiti")  for  the  supj)ly  of  the  anterior  margin  of  the  cleft  (immth),  with  which  the  nerve  is  in 
Jjjiition.  The  ophthalmi<:  nerve  is  sometimes  ivganied  as  a  morph<do»:i(ally  separate  nerve. 
Tile  nerves  to  th«?se  arches  have  been  cnnipared    to  the  anterior  primary  divisioivs  oi  ^"^vciwN. 
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nerves,  the  branches  which  thev  supply  to  the  forehead  and  teuii)le  (frontal,  orbital,  and 
auriculo-temporal)  representing  the  posterior  primary  divisions.  The  ganglia  on  each  diu»iai 
of  the  nerve  are  fornu^  as  extensions  from  the  Gasserian  ganglion. 

The  facial  nerve  is  essentially  the  nerve  of  the  second  (hyoid)  arch,  and  the  cleft  in  front  of 
tliat  arch  (spiracular  cleft,  Eustachian  tube).  Its  motor",  root  supplies  the  muscles  of  that  aich 
(8taj)edius,  stylo-hyoid,  and  digastric),  and  the  epicranial  and  facial  muscles  and  platysma 
myoides,  which  are  developments  from  the  hyoid  arch  (Rabl).  The  chorda  tympani  man  i> 
regarded  as  the  subordinate  (prse-branchial,  prae-trematic)  branch  to  supply  the  anterior  marein 
of  the  first  post-oral  cleft.  It  is  possible  that  the  geniculate  ganglion,  with  the  pars  intermtidij 
and  the  chorda  tympani,  niay,  in  part  at  least,  represent  the  ganglionic  and  afferent  element  of 

the  nerve.  Or  thr 
geniculate  gangHon,  and 
the  nerves  in  relation 
to  it)  mav  be  associattd 
with  an  "epibranchial" 
sense-oi^gan. 

The  saditorj  ntm, 
on  the  other  hand,  may 
be  either  the  seMorr 
element  of  the  branchial 
nerve,  associated  with  tLr 
hyoid  arch  and  first  past- 
oral cleft,  or  it  may  repw- 
sent  the  nen'e  or  nerve* 
belonging  to  ances^tnl 
sense  -  organs  of  the 
lateral  line. 

The  glofso-phaiTB- 
geal  is  the  branchial 
nerve  of  the  third  pott- 
oral  (thyro -hyoid)  ink 
and  tiie  cleft  in  front 
Its  efferent  fibres  supply 
the  muscle  of  X\l\&  aicfa, 
— the  stylo-phar^m^u 
The  superior  constnctcr 
of  the  pharynx  is  abo 
assigned  to  this  arch: 
the  middle  and  inferior 
muscles  to  the  fourth  (fist 
branchial)  arch.  The 
afferent  portion  of  tht 
nerve  is  possibly  com- 
]K)6ed  of  two  separate 
part«  ;  the  petrous  gan- 
glion bein^  assaiated 
with  an  epibranchial  or 
lateral  line  sense-organ, 
and  the  rest  of  the  nenrt 
forming  the  afferent 


Fir,.  538. — Scheme  to  illustrate  the  Disposition  of  the  Myotomes  in 
THE  Embryo  in  Relation  to  the  Head,  Trunk,  and  Limbs. 

A,  B,  C.  First  three  cephalic  myotomes;  N,  1,  2,  3,  4,  Last  persisting  cephalic  fibres   for   the  ciU-cleft 

myotomes  ;  C,  T,    L,    S,    Co,   The  myotomes   of  the  cer\'ical,  thoracic,  ^^^  SJH^X      The   liDfroal 

lumbar,  sacral,  and  caudal  regions  ;  L,  IL,  IIL,  IV.,  V.,  VL,  VIL,  VIIL,  branches  are  rejzaided  a? 

IX.,  X.,  XI.,  XIL,  refer  to  the  cranial  nerves,  and  the  structiu-es  with  .i       ,„ai*.    o*  «     /n/^t 

which  they  mav  be  embrvologicallv  associated.  ^^^     ]'^\x       J      ^^  \ 

*  -      B       .  trematic),thephar}Tigeal 

branches  as  subordinate  brandies  ;  the  tympanic,  branch  being  the  ])ra;-branchial  or  prse-trematitf 
branch  for  the  anterior  margin  of  the  third  gill-cleft. 

The  pneumogastric  nerve  is  generally  reganled  as  representing  the  fusion  of  all  the  branchial 
nerves  behind  the  glosso-pharyngeal.  Its  efferent  libres  are  in  series  with  those  of  the  glosso- 
pharyngeal above  and  the  sj)inal  accessory  nerve  below,  and  belong  to  the  lateral  scric*  of  HLs. 
Its  afferent  fiV)res,  like  those  of  the  glosso-pharyng«Nil,  represent  two  elements.  The  lower 
ganglion  hfus  j)(»ssible  connexions  with  ei)ibranchial  sense-organs — the  rest  of  the  nei'\'e  n^pn*- 
sentiiig  the  fa^ed  branchial  bi-jinchfcs  of  fishes.  The  superior  laryngeal  nerve  is  looked  upon 
as  the  branchial  nc^rvc  of  the  fourth,  and  the  inferior  laryngeal  nerve  as  the  branchial  m-rve 
of  the  fifth  arch.  While  the  relation  of  the  nerve  to  the  hinder  gill-arches  and  clefts  maker^ 
it  possible  to  understand  the  innervation  by  the  vagus  of  the  heart  and  lungs,  no  sati*factor> 
tixplanatioii  is  forthcoiniiig  of  the  j)assage  of  the  nerve  into  the  abdomen,  and  its  distribution  tf 
the  stomach  and  other  organs  Ixdow  the  diaphragm. 

The  spinal  accessory  nerve  consists*  of  two  }>arts.  The  accessory  portion  of  the  nen'f 
consists  of  eff*^rent  fibn*s  for  the  branchial  region,  in  series  with  the  lateral  motor  roots  of  th*" 
gloeso-pharyiigeiil  and  vagus  nerves.  The  spinal  portion  of  the  nerve  is  also  compceed  of  efferent 
lihresy  and  repre-sents  the  only  lateml  motor  elementa  arising  from  the  spinal  cord. 
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OlliiietOiy  Herve. — ^There  is  absolute  uncertainty  regarding  the  morphology  of  this  nerve. 

consists  of  three  elements :  (1)  the  olfactory  bulb,  derived  from  the  cerebral  hemispliere., 
id  in  man,  but  a  hollow  cerebral  diverticulum  in  certain  animals,  and  forming  the 
Lnencephalon ;  (2)  the  olfactory  ganglion,  with  its  central  and  pi^ripheral  processes,  derived 
>m  the  ectoderm  ;  (3)  the  nasal  pit  Attention  has  been  specially  fixed  on  the  olfactory 
Dglion,  which  has  been  compared  to  (1)  a  dorsal  spinal  ganglion,  derived  from  the  anti^rior  end 
the  medullary  groove  ;  and  to  (2)  a  lateral  line  sense-organ. 

The  optic  nerre  also  presents  an  insoluble  problem  in  regard  to  its  morphological  position 
the  series  of  cranial  nerves.  The  optic  stalk  and  optic  cup  have  been  regardea  as  a  higlily- 
)dified  dorsal  ganglion;  but  there  is  insuperable  difficulty  in  accepting  this  view.  The 
ripheral  processes  do  not  become  connected  with  either  ectodermal  or  mesoblastic  structures, 
t  oecome  the  tissue  of  the  retina ;  while  the  central  processes,  growing  backwards,  envelop 
e  optic  stalk,  and  obtain  connexions  with  the  brain.  The  retina  must  be  regarded  as  a  highly- 
xiifaed  layer,  morphologically  in  series  with  the  wall  of  the  fore-brain ;  and  the  ectodermal 
ucture  of  superficial  origin  comparable  to  the  olfactory  gfinglion  or  the  auditory  vesicle  is  the 
IS  (which  may  possibly  be  homologous  with  a  lateral  line  sense-organ).  The  optic  nerve,  optic 
nmissure,  and  optic  tract  are  then  to 

looked  upon  as  cerebral  commissures, 
i  not  as  nerves  in  the  ordinary  sense. 

The  simplest  and  most  primitive  con- 
ion  of  tne  head,  in  relation  to  the 
>rphology  of  the  cranial  nerves,  is  found 
'ore  the  formation  of  the  gill-clefts,  when 
i  salient  features  are  a  tubular  and  simple 
lin,  and  a  series  of  superficial  invagina- 
ns  which  pass  from  the  surface  inwards 
become  connected  with  outgrowths  cor- 
ponding  to  them  from  the  primitive 
lin.  On  either  side  of  the  head  three 
How  invaginations  occur : — (1)  Thcnasftl 

bearing  Uie  olfactory  epithelium  becomes 
inected  by  the  olfactory  ganglion  with  the 
lnencephalon,  an  outgrowthfrom  the  fore- 
lin,  and  so  forms  the  basis  of  an  olfactory 
^  and  nerve ;  (2)  a  similar  invagination 
oduces  the  lens,  connected  with  a  pro- 
ision  of  the  optic  vesicle  fi-om  the  iore- 
ain,  by  which  the  basis  of  the  eye  and 
e  optic  nerve  is  formed  ;  (3)  behind  the 
iccal  cavity  a  thinl  invagination  forms 
e  auditory  vesicle,  which  is  connected 
ith  the  solid  extension  from  the  hind- 
•ain  of  the  acoustic  gauglia,  to  form  the 
isentials  of  the  organ  of  hearing  and 
iditory  nerve. 

The  trigeminal  nerve  is  essentially  the 
?rve  of  Uie  buccal  cavity  and  the  sub- 
?dinate  cavities,  nasal  and  oral,  derived 
om  it  The  branchial  arches  and  clefts 
•e  secondary  structures,  and  tlicir  nerves 
re  (1)  the  trigeminal  for  the  first  (mandi- 
alar)  arch  and  the  cleft  in  front  of  it ; 
0  the  facial  for  the  second  (liyoid)  arch  and  cleft ;  (3)  tlie  glosso-pharyngeal  for  the  third 
hyro-hyoid)  arch  and  cleft ;  and  (4)  tlie  pneunu)gastric  for  the  succeeding  ai-ches  and  clefts, 
"he  bulbar  pai't  of  the  spinal  ac^^essory  nerve  is  inseparable  from  the  motor  j)ortion  of  the  vago- 
lo8BO-pharyngeaI  ner\'e8 ;  the  spinal  i)art  is  beyond  the  scries  of  the  cranial  nerves. 

Lwtly,  there  are  certain  truly  segmental  nerve  elements,  motor  fibres  which,  remaining 
Mociated  with  certain  persistent  cej>halic  myotomes,  give  rise  to  tlie  oculo-motor,  trochlear, 
Wucent,  and  hypoglossal  nervei*. 


FlO.  539.— SCHKME   TO    ILLUSTRATE   THE   EmBRYOLOGICAL 
A»RAN«EMKNT   OF   THE   CRANIAL   NeRVRS. 

I.  to  XII.  Cranial  Nerves  ;  Fr,  Froriep's  ganglion  ;  CI.,  Roots 
and  trunk  of  the  tirHt  cervical  nerve. 


THE   SYMPATHETIC  NERVOUS   SYSTEM. 

The  sympathetic  nervous  syHtem  consists  of  a  pair  of  elongated  gangliated 
^rds  (nervi  sympathici),  extending  from  the  base  of  the  skull  to  the  coccyx  ;  con- 
nected, on  the  one  hand,  by  a  series  of  branches  to  the  spinal  nervous  system,  and 
5n  the  other  hand  giving  ofr  an  irregular  series  of  branches  to  the  viscera.  At  its 
^phalic  end  each  sympathetic  cord  is  continued  in  a  plexiform  manner  into  the 
cranial  cavity  along  with  the  internal  carotid  artery,  and  iotma  com^\<s^  T^X^XKoti- 
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ships  with  certain  cranial  nerves.  At  their  caudal  ends  the  two  sympathetic 
cords  become  joined  together  by  fine  filaments,  and  are  connected  by  the  coccygeal 
ganglion  (g.  impar). 

The  sympathetic  system  (1)  serves  to  rearrange  and  distribute  fibres  derived 
from  the  cerebro-spinal  system  to  the  viscera  and  vessels  of  the  splanchnic  area; 

(2)  it  transmits  to  the  cerebro-spinal  system  afferent  fibres  from  the  viscera ;  and 

(3)  it  transmits  fibres  to  the  vessels,  involuntary  muscles,  and  glands,  in  the  course 
of  the  somatic  divisions  of  the  spinal  nerves. 

General  Structure  of  the  Sympathetic  System. — The  sympathetic  system  is 
composed  of  two  elements — ganglia  and  nerve  fibres. 

The  ganglia  (g.  trunci  sympathici)  are  variable  in  number,  form,  size,  and 

position.  They  are  not  definitely  segmental  in 
position,  but  they  are  always  connected  together 
by  a  system  of  narrow  commissural  cords  of  nene 
fibres.  A  ganglion  consists  of  a  larger  or  smaller 
number  of  multipolar  nerve  cells,  enclosed  in  a 
capsule  of  connective  tissue.  Each  cell  is  pro- 
vided with  one  axon  and  a  number  of  d^ndritti 
The  axon  may  enter  into  the  composition  of 
(a)  the  commissural  cord ;  (6)  a  central  branch 
(gray  ramus  communicans) ;  or  (c)  a  peripheral 
branch  from  the  sympathetic  cord.  These  axons 
are  commonly  medullated  at  their  origin,  but 
Ijecome  non-meduUated  in  their  course  from  the 
parent  cell  Besides  these  ganglia,  two  other 
series  of  ganglia  are  present  in  connexion  with 
the  peripheral  branches  of  the  sympathetic: 
intermediate  or  collateral  ganglia,  on  the  branches 
or  in  the  sympathetic  plexuses;  and-tenniiiil 
ganglia,  in  close  relation  to  the  endings  of  the 
nerves  in  the  viscera. 

The  nerve  fibres  in  the  sympathetic  system 
are  of  two  classics,  medullated  and  non-mednl- 

lated.     The   distinction   is   not  absolute.    The 

Fig.  540.- Scheme  OK  THE  CoNSTiTi'TioN  OF    ,v^,^^i„ir,f«.j     ^u«^«     ,««^    i^««    *-u^:«    .«.^j«i1a«« 

THE  White  Ramus  Communicans  OF  THE    medullated     hbres     may    lose    their    medulkj 

Sympathetic.  sheaths  before  reaching  their  terminations;  and 

Tiie  root*  and  trunks  of  a  spinal  nerve  arc  the  iion-mcdullated  fibres  may  at  their  origin 

show-n,  with  the  white  rainu>  passing  i>e-  posscss  a  medulhiry   shcath.      The  medullated 

tween  the  spinal  nerve  ami  a  sympathetic    ^^^^   ^^^^   ^|  j        ^^  ^j^^^^  •   communi- 

ganglion  (Sy).      The  splanchnic  efferent  j/v-  ii  i  /.i  -i  \ 

fibres  (in  red)  are  shown,  partly  ending  cryntfij  (the  visccral  branches  01  the  spmal  nefvesj. 

in  the  ganglion,  and  partly  passing  i)e-  They  take  Origin   from   the   anterior   primaij 

^r;lp3SCr  iK^^^^^^^^^  divisions  «f  certain  spinal  nerves  in  two  stjream.; 

shown,  partly  entering  the  gim^iion,  and  thoracico-lumbar  Irom  the  first  or  sccond  thoncic 

passing  npwards  or  downwards  in  the  to  the  sccond  Or  third  lumbar  ncrve,  and  pdffc, 

Zf  ir  S;rb:LS''^  ""  "'"  ^^  ««™l.  fr^  '^'  ^««"d  ^"d  third  or  third  «A 

fourth  Siicral  nerves.  The  roots  of  these  nerves 
arise  from  both  dorsal  and  ventral  roots  of  the  spinal  nerves,  but  in  largest  numbeis 
from  the  ventral  root.  The  Jllnrs  from  the  ventral  roof  are  of  very  small  size.  They 
are  the  axons  of  ncrve  cells  within  the  spinal  cord,  which  enter  the  sympathetic  cord 
through  the  white  ramus,  and  end  by  forming  arborisations  around  the  cells  of  a  sym- 
pathetic ganglion.  There  are  three  known  courses  for  such  a  fibre  to  take  in  relation 
to  the  sympathetic  system— (a)  It  may  end  in  the  ganghon  with  which  it  is  im- 
mediately n»lated ;  (h)  it  may  course  upwards  or  downwards  in  the  commissural  cord 
to  reach  a  neighbouring  ganglion  ;  (c)  it  may  ])ass  beyond  the  gangliated  cord  to  end 
in  relation  to  cells  of  the  j)eripheral  (collateral)  ganglia  along  with  fibres  of  distribu- 
tion from  the  sympathetic  ganglia.  These  fibres  are  splanchnic  efferent  fibres',  motor 
for  the  unstriped  muscular  tissue  of  the  vessels  and  viscera,  and  secretory  for  the 
glands  in  the  splanchnic  area.  The  fihres  from  the  dorsal  root  of  the  spinal  nerve 
entering  into  the  composition  of  the  white  ramus  communicans  are  the  axons  of  q[>iDAl 
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n  cells.  They  constitute  the  splanchnic  afferent  fibres,  and  probably  traverse 
ipathetic  gangliated  cord,  passing  upwards,  downwards,  and  outwards,  without 
Dnnected  with  its  cells.  They  are  the  sensory  fibres  for  the  viscera,  which 
iach  along  with  the  peripheral  branches  arising  from  the  sympathetic 
elf.  It  is  not  certain  that  fibres  from  the  dorsal  ganglia  are  only  found  in 
on  with  nerves  provided  with  distinct  white  rami  Similar  medullated 
re  found  also  in  the  gray  rami  communicantes. 

non-medullated  fibres  in  the  sympathetic  system  are  derived  from  the  axons 
sympathetic  ganglion  cells.  They  have  different  destinations,  (a)  Some 
ppear  to  contribute  to  the  formation  of  the  commissural  cord  connecting 
iglia  together, 
id  in  arborisa- 
)und  the  cells 
neighbouring 
Q.  (6)  Non- 
lated  fibres 
large  part  of 
jtem  of  peri- 
{splanchnic 
t)  branches, 
ng  into  the 
nic  area  in  an 
lar  manner, 
im  the  ganglia 
e  connecting 
sures.  (c)  The 
\mi  communi' 
form  a  series 
1  -  medullated 
with  a  small 
•ofmedullated 
intermingled) 
ing  centrally 
eganyliatothe 
lerves.  These 
mi  are  found 
nexion  with 
id  all  of  the 
lervea.  Their 
Prom  the  gan- 

cord  is  ir- 
:  they  may 
rom  the  gan- 

the  commis- 
ley  may  divide 
leir  origin,  so 
3  spinal  nerves 
plied  from  one 
n  ;      or     two 
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541. — BCTHEME   or  THE   CoNETimiON   AM>   C[>N>'EXfO^!5  HP   THK 

Ganoliated  Cord  of  the  Sympathetic. 
may    supply    The  gangliated  cord  is  indicated  on  the  right,  with  tlie  arrangement  of  the  fibres 
)S   to  a   single  arising  from   the   ganglion   cells.      On  the  left  the  roots  and  trunks  of 

nPT^p         Th  spinal  nerves  are  shown,  with  the  arrangement  of  the  white  ramus  coni- 

nerve.         J.  lie  municans  above  and  of  the  gray  ramus  below. 

mus  is  distri- 

along  the  somatic  divisions  of  the  spinal  nerves,  supplying  branches  to 
ed  muscular  fibres  (vaso-motor,  pilo-motor)  and  glands  (secretory).  They 
ovide  small  recurrent  branches,  ending  in  the  membranes  enveloping  the 
nerve-roots.  Mingled  with  the  non-medullated  fibres  of  the  gray  rami 
ad  a  small  number  of  medullated  fibres,  regarded  as  medullated  sympathetic 
md  axons  from  the  dorsal  spinal  ganglia  incorporated  v?itl\  \,\\.\^  taTaw^. 
49 
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The  commissxiral  cords  of  the  sympathetic  system  are  composed  of  white  and 
gray  fibres.  The  white  fibres  are :  (1)  splanchnic  efferent  fibres,  passing  to  a 
ganglion  above  or  below  the  point  of  entrance  into  the  sympathetic  system ;  (2) 
splanchnic  afferent  fibres,  guided  along  the  commissure  and  over  or  through  the 
ganglia.  The  gray  fibres  are  the  axons  of  sympathetic  ganglion  cells:  (1)  true 
commissural  fibres  passing  into  connexion  with  the  cells  of  a  neighbouring 
ganglion ;  (2)  fibres  passing  along  the  commissure  for  a  certain  distance  upwards 
or  downwards  before  entering  the  splanchnic  area  as  i)eripheral  branches. 

The  peripheral  (Bplanchnic)  branches  from  the  sympathetic  cord  consist  of- 

(1)  white  fibres — splanchnic  afferent  fibres  unconnected  with  cells,  and  splanchnic 
efferent  fibres  which,  after  passing  over  the  gangliated  cord,  are  on  their  way  to 
join  peripheral  (collateral)  or  terminal  ganglia  in  relation  to  the  viscera ;  and  of 

(2)  gray  fibres,  splanchnic  efferent  branches,  the  axons  of  sympathetic  ganglion 
cells  distributed  to  the  vessels  and  viscera  in  the  splanchnic  area. 

THE  CEEVICAL  PAET  OF  THE  SYMPATHETIC  COED. 

The  cervical  part  of  the  sympathetic  cord  may  be  regarded  as  an  upward 
prolongation  of  the  primitive  sympathetic  system  along  the  great  vessels  of  the 
neck.  It  is  characterised  by  the  absence  of  white  rami  commTmicantes  connecting 
it  with  the  cervical  spinal  nerves.  Its  spinal  fibres  ascend  in  the  commissnnl 
cord  from  the  upper  thoracic  nerves  to  be  connected  with  the  cells  of  the 
cervical  ganglia.  The  branches  from  the  ganglia  in  the  neck  are  distributed  to 
structures  in  the  head,  neck,  and  thorax :  (1)  motor  fibres  to  involuntary  muscles 
{e.g.  dilator  of  the  pupil) ;  (2)  vaso-motor  fibres  along  the  arteries  of  the  head  and 
neck  and  upper  limbs ;  (3)  pilo-motor  fibres  along  the  cervical  spinal  nen'es  to  the 
skin  of  the  head  and  neck ;  (4)  cardio-motor  fibres ;  (5)  and  secretory  fibres  (for 
the  submaxillary  gland). 

The  gangliated  cord  in  the  neck  is  placed  upon  the  prevertebral  muscles  and 
behind  the  carotid  vessels.  It  extends  from  the  root  of  the  neck,  where  it  is  con- 
tinuous behind  the  subclavian  artery  with  the  thoracic  portion  of  the  cord,  to  the 
base  of  the  skull,  where  it  ends  in  the  formation  of  plexiform  branches  upon  the 
internal  carotid  artery.  It  consists  of  a  narrow  commissural  cord  composed  of 
medullated  and  non  -  medullated  fibres,  on  which  are  two  or  three  ganglia— • 
superior  ganglion  at  the  upper  end,  an  inferior  ganglion  at  the  point  of  junction 
with  the  thoracic  portion  of  the  cord,  and  an  intermediate  middle  ganglion  varying 
in  position  and  often  absent. 

The  superior  cervical  ganglion  (g.  cervicale  superius)  situated  at  the  base  of  the 
skull,  lies  l)etween  the  internal  jugular  vein  and  the  internal  carotid  artery.  It  is 
the  largest  of  the  sympathetic  ganglia,  measuring  an  inch  or  more  in  length.  The 
commissural  cord  connects  it  with  the  middle  ganglion  (g.  cervicale  medium),  which  ia 
of  small  size,  is  frequently  absent,  and  may  be  divided  into  two  parts.  It  is  usually 
placed  over  the  inferior  thyroid  artery  as  it  passes  behind  the  carotid  sheath. 

The  inferior  ganglion  (g.  cervicale  inferius)  is  joined  l)y  the  commissural  cord  to 
the  middle  (or  superior)  giinglion  above,  and  is  only  imperfectly  separated  from  the 
first  thoracic  ganglion  below.  It  is  of  considerable  size,  irregular  in  shape,  and  is 
placed  iKjhind  the  first  part  of  the  sul)clavian  artery  in  the  interval  between  the 
last  cervical  transverse  process  and  the  neck  of  the  first  rib. 

The  branches  from  the  cervical  symj>athetic  ganglia  and  cord  are  divisible  into 
two  sets — {A)  Central  communicating  branches  for  other  nerves ;  {B)  peripheral 
bi-anches  of  ilistribution,  which  alone,  or  along  with  other  nerves,  form  plexuses, 
accompanying  and  supplying  vessels  and  viscera  of  the  head,  neck,  and  thorax. 
Although  this  distinction  is  made,  it  is  to  be  borne  in  mind  that  the  branches  of 
communication  are  as  much  nerves  of  distribution  as  the  others. 

Superior  Cervical  Ganglion. 

Central  Communicating  Branches.— 1.  Gray  rami  commniiicantes  pass  from 
the  gan<^lion  to  the  anterior  primary  divisions  of  the  first  four  cervical  nerves. 
2.  ConmmnicationB  with  Crajiial  Nerves. — Just  outside  the  skull,  in  the  deep 
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t  neok,  communicating  branches  pass  to  the  following  cranial  nerves :  (a) 

•ous  ganglion  of  the  glosso-pharyngeal  and  the  ganglion  of  the  root  of 

ogastric  (n.  jugularis) ;  {b)  to  the  ganglion  of  the  trunk  of  the  pneumo- 

)  to  the  hypoglossal  nerve. 

leral  Branches  of  Distribution. — 1.  Pharynx. — A  pharyngeal  branch 

svnwards  and  inwards  behind  the  carotid  sheath  to  reach  the  wall  of  the 

where  it    joins    (along  with    the 

I  branches  of  the  glosso-pharyngeal 

Qogastric  nerves)  in  the  formation 

yngeal  plexus,  and  assists  in  supply- 

iscles  and  mucous  membrane  of  the 


.rt. — The  superior  cervical  cardiac 
I  slender  nerve  which,  on  the  right 
nds  behind  the  large  vessels  into 
:  to  join  the  deep  cardiac  plexus. 
7  side  the  course  of  the  nerve  is 
the  neck,  but  in  the  superior 
im  it  passes  between  the  left 
1  subclavian  arteries,  and  over  the 
I,  to  join  with  the  inferior  cervical 
inch  of  the  pneumogastric  in  the 
of  the  superficial  cardiac  plexus. 
)urse  both  nerves  form  connexions 
ther  cervical  cardiac  nerves  of  the 
ic,  and  with  cardiac  and  other 
f  the  pneumogastric  (external  and 
•yngeal). 

sels.  —  (a)  The  external  carotid 
ses  forwards  to  the  external  carotid 
I  forms  the  external  carotid  plexus, 
plies  offsets  to  that  artery  and  its 
,8  well  as  to  the  inter-carotid  body, 
subordinate  plexuses  on  the  facial 
!e  meningeal  arteries  sympathetic 
supplied  to  the  submaxillary  and 
a  re8i)ectively. 

;  internal  carotid  branches  form  an 
elongation  of  the  ganglion,  which 
^If  in  the  form  of  })undles  of  nerve- 
;he  internal  carotid  artery  as  it 
carotid  canal  in  the  temporal  bone, 
lies  separate  into  outer  and  inner 
3h  form  plexuses  investing  the 
the  cranium.  The  outer  division 
ower  or  carotid  plexus  (jA.  caroticus 
the  inner  division  gives  rise  to 
►r  cavernous  plexus  f  pi.  cavernosus). 
sea  supply  offsets  to  the  artery  and 
js,  and  form  communications  with 


FiQ.  542.— The  Distkibution  of  the  Sympa- 
thetic Gan(;liatkd  Cobd  in  the  Neck. 

Sy.l,  Superior  cervical  ganglion,  and  connexions 
and  branches  ;  I.C,  Internal  carotid  artery  ; 
G.Ph,  Glosso-pharyngeal ;  Va,  Vagus  ;  Hy, 
Hypoglossal  ;  C.l,  2,  3,  4,  First  four  cervical 
nerves;  Plex,  Pharyngeal  plexus;  G.Ph, 
Glosso-pharyngeal  nerve  ;  E.C,  To  external 
carotid  artery  ;  Sy.2,  Middle  cervical  gang- 
lion, connexions,  and  branches  ;  CO,  6,  Fiftli 
and  sixth  cervical  nerves  ;  l.Thy,  Inferior 
thyroid  artery;  A.V,  Ansa  Vieusseuii ;  Sy.3, 
Infi'rior  cervical  ganglion,  connexions,  and 
branches;  C.7,  8,  Sttventh  and  eighth  cer- 
vical nerves  ;  Vert,  Vertebral  plexus  ;  Car, 
Cardiac  branches. 


lial  m^rvos. 

otid  plexus  communicatea  ])y  fine  branches  with  (a)  the  abducent  nerve, 
Gasserian  ganglion,  and  gives  off  (c)  the  great  deep  petrosal  and  (d) 
deep  petrosal  nerves.  The  great  deep  petrosal  nerve  joins  the  great 
jietrosal  nerve  from  the  geniculate  ganglion  of  the  facial,  over  the 
xjerum  metliuni.  By  their  union  the  Vidian  nerve  is  formed,  which, 
rsing  the  Vidian  canal,  ends  in  Meckel's  ganglion.  The  small  deep 
rve  passes  to  the  tjrmpanic  plexus.  This  plexus,  formed  by  the  small 
sal  nerve,  the  tympanic  branch  of  the  glosso-pharyngeal,  an^L  «.  V«\% 
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from  the  geniculate  ganglion  of  the  facial  nerve,  is  placed  on  the  inner  wall  of  the 
tympanum.  It  supplies  the  mucous  lining  of  the  tympanum  and  Eustachiau 
tube ;  and  the  small  superficial  petrosal  nerve  passes  from  it  to  the  otic  ganglion. 

The  cavemooB  plexus  communicates  with  (a)  the 
oculo- motor,  and  (6)  the  trochlear  nerves,  aod  (e) 
the  ophthalmic  division  of  the  trigeminal  nerve;  it 
also  (d)  supplies  twigs  to  the  pituitary  body,  and(«) 
forms  the  sympathetic  root  of  the  ciliary  ganglion. 
This  may  pass  to  the  ganglion  independently,  or  it 
may  be  incorporated  in  the  long  root  of  the  ganglion 
from  the  nasal  branch  of  the  ophthalmic  nerve. 

Middle  Cervical  Ganguon. 

Central  Communicating  Branches. — 1.  Onj 
rami  communicantes  arise  from  the  ganglion  or  from 
the  cord  for  the  anterior  primary  divisions  of  the 
fifth  and  sixth  cervical  nerves,  2.  The  subclavian 
loop  (ansa  Vieussenii)  is  a  loop  of  communication  bm 
this  ganglion,  which,  after  passing  over  and  supplying 
offsets  to  the  subclavian  artery  and  its  branches,  joim 
the  inferior  cervical  ganglion. 

Peripheral  Branches  of  Distribution. — 1.  Heart 
— A  slender  middle  ceryical  cardiac  branch  descends, 
either  separately  or  in  company  with  other  cardiac 
nerves,  behind  the  large  vessels  into  the  thorax, 
where  it  ends  in  the  deep  part  of  the  cardiac  plexus 
on  each  side. 

2.  Thyroid  Body.  —  Branches  extend  inwards 
along  the  inferior  thyroid  artery  to  supply  the  thynrid 
body. 

When  the  middle  ganglion  is  absent  the  branches 
described  arise  from  the  commissural  cord. 

Inferior  Cervical  Ganguon. 

Central  Communicating  Branches.— 1.  Gni 
rami  communicantes  arise  from  this  ganglion  for  the 
anterior  primary  divisions  of  the  seventh  and  eighth 
cervical  nerves.  2.  The  subclavian  loop  akeadj 
mentioned  connects  the  middle  and  inferior  ganglia 
over  the  front  of  the  subclavian  artery.  3.  A  com- 
munication frequently  occurs  with  the  inferior 
laryngeal  nerve. 

Peripheral  Branches  of  Distribution. — 1.  Heart 
— An  inferior  cervical  cardiac  branch  is  given  off  od 
each  side  to  enter  the  deep  cardiac  plexus. 

2.  Vessels. — (a)  The  vertebral  plexus  is  a  dense 
superficuicardiac  plexus;  A.P.P,  piexus  of  fibres  surrounding  the  vertebral  artery  and 
Cut7"tuimo'„S''"V,^S  accompanying  its  branches  in  the  neck  and  the 
R.Car.p,  Right,  and  L.Car.p.  Left  CKtuial  cavity.  (6)  The  Subclavian  plexus  is  derived 
corouary  plexuses ;  ArtPui,  Pui-  (j-q^  fclie  Subclavian  loop,  and  supplies  small  of&ets  to 
mouary  artery.  ^^^  subclaviau   artery.      It  gives  branches   to  the 

internal  luainmary  artery,  and  communicates  with  the  phrenic  nerve. 


Fio.  543.— The  Constitution  ok 
THE  Cardiac  Plexuses. 

8y,  Cervical  sympathetic  cord  ;  C.l, 
Superior,  C.2,  Middle,  and  C.3,  In- 
ferior cervical  ganglia ;  Car.  1, 
Superior,  (.-ar.2,  Middle,  and  Car.3, 
Inferior  cervical  cardiac  sympa- 
thetic branches ;  Va,  Pneumogastric 
nerve ;  K.L,  Recurrent  laryngeal 
nerve  ;  s,  Superior,  and  i,  Inferior 
cervical  cardiac  branches  of  vagus  ; 
D.C.P,  Deep  cardiac  plexus  ;  S.C.P, 


THE  THORACIC  PART  OF  THE  SYMPATHETIC  CORD. 

The  thoracic  part  of  the  sympathetic  cord  consists  of  a  variable  number  d 
ganglia  of  an  irregularly  angular  or  fusiform  shape,  joined  together  by  commissinal 
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rds  of  considerable  thickness.     The  number 

ganglia  is  usually  ten  or  eleven ;  but  the  first 
id  sometimes  others  may  be  so  fused  with  the 
jighbouring  ganglia  as  to  still  further  reduce 
le  number.     This  part  of  the  sympathetic  cord 

characterised  by  its  union  with  the  thoracic 
)inal  nerves.  Each  thoracic  nerve,  with  the 
oasible  exception  of  the  first,  sends  a  visceral 
ranch  (white  ramus  communicans)  to  join  the 
aughated  cord  in  the  thorax.  These  white 
ami  separate  into  two  main  streams  iu  relation 
0  the  sympathetic  cord.  Those  of  the  upper 
he  nerves  are  for  the  most  part  directed 
ipwards  to  be  distributed  through  the  cervical 
Mirt  of  the  sympathetic  gangUated  cord  in 
he  manner  already  described.  The  white  rami 
►f  the  lotver  thoracic  nerves  are  for  the  most 
)art  directed  downwards  in  the  lower  part  of 
he  sympathetic  cord  and  its  branches,  to  be 
listributed  in  the  abdomen ;  at  the  same  time 
ome  of  their  fibres  are  directly  associated  with 
he  supply  of  certain  thoracic  viscera, — luugs, 
lorta,  oesophagus. 

These  white  rami  are  composed  of  (1) 
ijduiclmic  afferent  fibres  passing  from  its  peri- 
pheral branches  through  the  sympathetic  cord 
nto  the  dorsal  ganglia  of  the  spinal  nerves — 
nedullated  nerve-fibres  unconnected  with  sym- 
Jathetic  ganglion  cells;  and  (2)  somatic  and 
tplanchnic  efferent  fibres,  small  medullated 
lerves  which,  after  a  longer  or  short/cr  course 
n  the  gangliated  cord  or  its  peripheral 
)ranehes,  become  connected  with  the  sym- 
wthetic  ganglion  cells,  or  with  the  cells  of 
)eripheral  (collateral  or  terminal)  ganglia,  from 
vhich  again  (non-medullated)  axons  proceed  to 
upply  branches  to  viscera  and  vessels.  The 
iltimate  destination  of  the  upper  stream  of 
^'hite  rami  from  the  thoracic  nerves  has  been 
aentioned  in  the  description  of  .the  cervical 
ympathetic;  the  peripheral  branches  supply- 
ing thoracic  organs  contain  vaso-motor  fibres 
or  the  lungs  and  aorta.  The  peripheral  branches 
rom  the  lower  part  of  the  sympathetic  cord 
n  the  thorax,  receiving  white  rami  from  the 
ower  thoracic  nerves,  are  mainly  destined  for 
listribution  to  structures  below  the  diaphragm, 
fhey  comprise  (a)  viscero-inhibitory  fibres  for 
:he  htomach  and  intestines ;(?>)  motor  fibres  for  fig.  544.  -  the  xmixJIuE^T^' ov  the 
|)artof  the  rectum;   (c)  pilo-motor  fibres  for  the  sympathetic   System   in  the  Thorax, 

lower  part  of  the  body ;  (d)  vaso-motor  fibres         abdomen,  and  Pelvis. 
for  the  abdominal  aorta  and  its  branches,  and  t.i-12:  l.i-5;  s.i-5;  Co,  Anterior  primary 

divisions  ol" spinal  nerves,  connected  to  the 
gangliated  cord  of  the  sympathetic  by 
rami  communicautes,  white  (double  lines)  and  gray  (single  lines)  ;  Oes,  (Esophagus  and  tesophageal 
plexus  ;  Ao,  Aorta  and  aorta  plexus  ;  Va.  Vagus  nerve  joining  oesophageal  plexus  ;  S.l.  Great  splanchnic 
nerve  ;  X,  Great  splanchnic  ganglion  ;  S.2,  Small  splanchnic  nerve  ;  S.3,  Least  splanchnic  nerve  ;  Co, 
Coronary  artery  and  plexus  ;  Spl,  Splenic  artery  and  plexus  ;  II,  Hepatic  artery  and  plexus  ;  SL,  Semi- 
lunar ganglion  ;  Di,  Diaphragm  ;  S.U,  Suprarenal  capsule  ;  Ke,  Kenal  artery  and  plexus  ;  S.M,  Superior 
mesenteric  artery  and  plexus  ;  Sf',  Spermatic  artery  and  plexus  ;  I.M,  Inferior  mesenteric  artery  and 
plexus;  Hy,  Hypogastric  ner\'es  and  plexus;  Rec,  Kectal  plexus;  Ut,  Uterine  plexwA-,  \ya,  Nvi*i\t\j\ 
plexus  ;  v.  V. V,  Visceral  branches  from  sacral  Jierves. 
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for  the  lower  limbs ;  (c)  secretory,  and  (/)  sensory  fibres  for  the  abdominal  viscera. 
The  thoracic  part  of  the  sympathetic  cord  is  placed  upon  the  heads  of  the  ribs, 
and  is  covered  over  by  the  pleura. 

The  branches  from  the  gangliated  cord  are,  as  in  the  neck,  divisible  into  two 
sets — (A)  Central  branches,  communicating  with  other  nerves,  and  (B)  peripheral 
branches,  distributed  in  a  plexiform  manner  to  the  thoracic  and  abdominal  viscera. 

Central  Communicating  Branches. — The  white  rami  commnnicaates  from 
the  thoracic  nerves  have  already  been  described.  Passing  forwards  from  the 
beginning  of  the  anterior  primary  divisions  of  the  nerves,  they  liecome  connected 
with  the  ganglia  or  the  commissural  cord  of  the  sympathetic. 

The  gray  rami  communicantes  are  branches  arising  irregularly  from  each  thoracic 
ganglion,  which,  passing  backwards  along  with  the  white  rami,  join  the  anterior 
primary  divisions  of  the  thoracic  nerves. 

Peripheral  Branches  of  Distribution. — These  branches  arise  irregukrh 
from  the  ganglia  and  the  commissural  cord.  They  are  composed  of  non-medullated 
libras  (splanchnic  efferent)  derived  from  the  ganglion  cells,  and  medullated  fibres 
(splanchnic  efferent  and  afferent)  derived  directly  from  the  white  rami,  without 
the  intervention  of  the  cells  of  the  ganglia. 

1.  Pulmonary  Branches. — From  the  gangliated  cord  opposite  the  second,  third, 
and  fourth  ganglia  line  filaments  arise  which  join  the  posterior  pulmonary  plexu& 

2.  Aortic  Branches. — The  upper  part  of  the  thoracic  aorta  receives  fine  branches 
from  the  upper  five  thoracic  ganglia. 

3.  Splanchnic  Nerves. — Tlu:ee  nerves  arise  from  the  lower  part  of  the 
gangliated  cord,  partly  from  the  ganglia  themselves,  and  partly  from  the  com- 
uussural  cord  between  the  ganglia.  Passing  downwards  over  the  bodies  of  the 
thoracic  vertebra3  they  pierce  the  diaphragm,  to  end  in  the  abdomen. 

(a)  The  great  splanchnic  nerve  (n.  splanchnicus  major)  arises  from  the 
gangliated  cord  between  the  fifth  and  ninth  ganglia.  By  the  union  of  several 
irregular  straniis  a  nerve  of  considerable  size  is  formed,  which  descends  in  tl»e 
posterior  mediastinum,  and  piercing  the  crus  of  the  diaphragm,  joins  at  once  the 
upi^er  end  of  the  semilunar  ganglion  of  the  solar  plexus.  In  its  course  in  the 
thorax  the  great  splanchnic  ganglion  (g.  splanchnicum)  is  formed  upon  the  nene: 
It  is  more  prominent  in  the  foetus  than  in  the  adult.  From  l)oth  nerve  and  ganglion 
branches  arise  in  the  thorax  for  the  supply  of  the  oesophagus  and  descending 
thoracic  aorta  (Fig.  544). 

(b)  The  small  splanchnic  nerve  (n.  splanchnicus  minor)  arises  from  the  gangliated 
cord  opposite  to  the  ninth  and  tenth  ganglia.  It  passes  over  the  bodies  of  the 
lower  thoracic  vertebrae,  pierces  the  diaphragm  near  or  along  with  the  great 
splanchnic  nerve,  and  ends  in  the  solar  plexus  {aortico-renoL  ganglion). 

(c)  The  least  splanchnic  nerve  (n.  splanchnicus  imus)  arises  from  the  last 
thoracic  ganglion  of  the  sympathetic,  or  it  may  be  a  branch  of  the  smaller 
splanchnic  nerve.     It  pierces  the  diaphragm,  and  ends  in  the  renal  plexus. 


THE  LUMBAE  PART  OF  THE  SYMPATHETIC  CORD. 

The  lumbar  part  of  the  sympathetic  cord  is  placed  upon  the  bodies  of  the 
lumbar  vertebra?,  internal  to  the  origins  of  the  psoas  muscle,  and  in  front 
of  the  lumbar  vessels.  It  is  connected  with  the  thoracic  portion  of  the  cord  by  an 
attenuated  commissural  cord,  which  either  pierces  or  passes  behind  the  diaphi^:nL 
It  is  continuous  below  with  the  sacral  portion  of  the  cord  by  a  commissure,  which 
passes  beliind  the  common  iliac  artery.  It  is  joined  by  medullated  fibres  (white 
rami  communicantt^s)  from  the  first  two  lumbar  spinal  nerves,  and  it  contains  as 
well  medullated  fibres  continued  down  from  the  lower  part  of  the  thoracic 
gangliated  cord,  and  derived  from  the  visceral  branches  (white  rami  com- 
municantes) of  the  lower  thoracic  nerves.  This  part  of  the  gangliated  cord  is 
characterised  by  great  irregularity  in  the  number  of  the  ganglia.  They  are  usually 
ibiir  in  number,  but  there  are  frequently  more  (up  to  eight);  and  in  extreme 
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ases  fusion  may  occur  to  such  an  extent  that  the  separation  of  individual  ganglia 
€come8  impossible. 

White  rami  communicantes. — The  first  two  (or  three)  lumbar  spinal  nerves 
ossess  visceral  branches  which  form 
rhite  rami  communicantes  joining 
he  upper  lumbar  ganglia  or  the 
anghated  cord.  These  nerves 
3rm  the  lower  limit  of  the  thoracic- 
jmbar  visceral  branches  of  the 
pinal  nerves.  They  comprise  vaso- 
lotor  fibres  (for  the  genital  organs), 
nd  motor  fibres  for  the  bladder  and 
iterua 

Central  Communicating 
tranches.  —  Gray  rami  communi- 
antes  pass  from  the  gangliated  cord 
o  the  anterior  primary  divisions 
>f  the  lumbar  nerves  in  an  ir- 
regular manner.  One  ramus  may 
livide  so  as  to  supply  branches  to 
:wo  adjacent  spinal  nerves;  or  a 
jpinal  nerve  may  be  joined  by  two 
bo  five  separate  gray  rami  from  the 
gangliated  cord. 

The  rami  course  beneath  the 
origin  of  the  psoas  magnus  muscle 
and  over  the  bodies  of  the  vertebrae. 
Gray  rami  sometimes  pierce  the 
fibres  of  the  psoas  muscle. 

Peripheral  Brajiches  of  Dis- 
tribution.— From  the  lumbar  gan- 
gliated cord  numbers  of  small 
branches  arise  irregularly,  and 
pass  inwards  to  supply  the  ab- 
dominal aorta,  reinforcing  the 
aortic  plexus  (from  the  solar  Fio.  645.— The  Lumbar  Portion  of  the  Sympathetic 
plexus).  Gangliated  Cord  and  Lumbar  Plexus.  (From  a  dissection.) 

T.ll,  T.12,  L.1,  L.2,  L.3,  L.4,  L.5,  Anterior  primary  divisions 
of  spinal  nerves,  with  white  and  gray  rami  communicantes. 

THE  SACRAL  PART  OF  THE  ^y*  ^^'"p^*^®^**^^"^^'*^^^**'"^' ^'^  ^*^*'*®'^^*®»  ^•^'^^****' 

splanchnic  nerve,  joining  semilunar  ganglion  ;  S.R.C,  Supra- 
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renal  capsule  and  plexus  ;  R.Pl,  Renal  plexus  ;  Ao.Pl, 
Aortic  plexus;  S.M,  Superior  mesenteric  plexus;  I.M, 
Inferior  mesenteric  plexus;  Hy.Pl,  Hypogastric  plexus; 
Q,  Nerves  to  quadratus  lumbonim  ;  LH,  Ilio-hypogastric 
nerve  ;  I.I,  Ilio-inguinal  nerve  ;  G.C,  Genito-crural  nerve  ; 
E.C,  External  cutaneous  nerve  ;  A.C,  Anterior  crural  nerve  ; 
Ace.  Obt,  Accessory  obturator  nerve  ;  Obt,  Obturator  nerve 
4,  5,  Lumbo-sacral  cord. 


The  sacral  part  of  the  gan- 
gliated cord,  like  the  cervical  and 
lower  lumbar  portions  of  this 
system,  receives  no  white  rami 
communicantes  from  the  spinal 
nerv'es.  The  visceral  branches  (pelvic  splanchnic)  of  the  third,  and  usually,  also 
the  second  or  fourth  sacral  nerves,  enter  the  pelvic  plexus  without  being  directly 
oonuected  with  the  gangliated  cord.  These  nerves,  however,  are  to  be  regarded  as 
homologous  with  the  white  rami  communicantes  of  the  thoracico-lumbar  nerves 
[ohdominal  splanchnic).  They  convey  to  the  pelvic  viscera — (1)  motor  and 
inhibitory  fibres  for  rectum,  uterus,  and  bladder,  (2)  vaso-dilator  fibres  for  the 
genitals,  and  (3)  secretory  fibres  for  the  prostate  gland. 

This  portion  of  the  cord  is  placed  in  front  of  the  sacrum,  internal  to  the  anterior 
sacral  foramina.  It  is  connected  above  by  a  commissural  cord  with  the  lumbar 
portion  of  the  sympathetic,  and  below  it  ends  in  a  plexiform  union  over  the  coccyx 
rith  the  cord  of  the  other  side,  the  two  being  frequently  connected  by  the 
ui^on  impar  or  coccygeal  ganglion.     The  number  of  ganglia  is  vaTm\A^\  \iXv€t^  ^t^ 
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coiimionly  lour.  They  are  of  small  size,  gradually  diminishing  from  above  doira- 
wards. 

Central  communicating  branches  arise  irregularly  in  the  form  of  gny  inni 
communicantes  Irom  the  sacral  ganglia,  and  join  the  anterior  primary  divisions  u( 
the  sacral  and  coccygeal  nerves. 

Peripheral  Branches  of  Distribution. — (1)  Visceral  branches  of  small  size  arise 
from  the  upper  part  of  the  ganglialed  cord,  and  pass  inwards  to  join  the  pelvic 
plexus  (see  lielow). 

(2)  Parietal  branches,  als(.)  of  small  size,  ramily  over  the  front  of  the  sacrum. aud 
form,  in  relation  to  the  middle  sacral  artery,  a  plexit'orm  union  with  branches  from 
the  gangliated  cord  of  the  other  side. 

SYMPATHETIC  PLEXUSES. 

It  has  already  been  seen  that  the  peripheral  branches  of  the  sympathetic 
gangliated  cord  throughout  its  length  are  characterised  by  forming  or  joining 
plexuses  in  their  neighbourhood. 

The  cervical  sympathetic  ganglia  and  nerves  give  rise  to  the  carotid  and 
cavernous  plexuses;  the  external  carotid,  pharyngeal,  thyroid,  vertebral,  and 
subclavian  plexuses;  and  they  send  important  branches  to  the  cardiac  plexuses 
(described  along  with  the  pneumogastric  nerve). 

Tlie  thoracic  ganglia  send  branches  to  join  the  pulmonary  and  oesophageal 
plexuses  (descril)ed  along  with  the  pneumogastric  nerve).  They  form  plexuses  on 
the  tlioracic  aorta,  and  by  means  of  the  splanchnic  nerves  they  form  the  chiet 
source  of  the  solar  plexus. 

The  Solar  and  Pelvic  Plexuses. 

These  great  plexuses  serve  to  distribute  nerves  to  the  viscera  and  vessels  of  the 
abdominal  and  j^elvic  cavities.  Taken  together  they  include  three  plexuses— the 
solar  plexus,  hypogastric  plexus,  and  the  pelvic  plexuses.  They  are  constituted 
by  peripheral  branches  of  the  lower  thoracic,  luml>ar,  and  upper  sacral  parts  of  the 
gangliated  cord  of  the  sympathetic ;  and  they  are  related  to  the  central  nen'oos 
system  by  means  of  the  visceral  branches  (wiiito  rami  communicantes)  of  the  lower 
thoracic  and  upper  lumbar  nerves  on  the  one  hand,  and  by  the  visceral  braneheB 
of  the  second  and  third,  or  third  and  fourth  sacral  nerves,  on  the  other  hand.  The 
thoracico-lumliar  series  join  the  sympathetic  cord,  and  reach  the  solar  plexus 
mainly  through  the  splanchnic  nerves,  and  to  a  lesser  extent  tlirough  the  lumUr 
gangliated  cord.  The  sacral  series  enter  the  pelvic  plexus  without  connexion  with 
the  sympathetic  cord.  The  hypogastric  plexus  serves  as  a  connecting  link  between 
the  solar  and  pelvic  plexuses. 

The  solar  plexus  lies  on  the  posterior  abdominal  wall  in  relation  to  the 
alnlominal  aorta  and  l)ehind  the  stonjach.  It  is  composed  of  three  elements:  the 
coeliac  plexus  surrounding  the  origin  of  the  cceliac  axis  between  the  crura  of  the 
diaphragm,  and  two  semilunar  ganglia,  each  lying  on  the  corresponiUng  crus  of 
the  dia]jhragm,  and  overlapped  by  the  suprarenal  Ciipsule,  and  on  the  right  side 
by  the  inferior  vena  cava.  The  plexus  is  continuous  with  subordinate  plexufe&, 
diaphragmatic,  suprarenal,  renal,  superior  mesenteric  and  aortic ;  and  by  means  of 
the  hypogastric  nerves  the  aortic  plexus  becomes  continued  into  the  hypogastric 
plexus,  which  again  forms  the  chief  origin  of  the  pelvic  plexuses. 

The  semilunar  ganglia  constitute  the  chief  ganglionic  centres  in  the  solar 
plexus.  They  are  irregular  in  form.  They  are  often  partially  subdivided,  and  one 
detached  portion  at  the  lower  end  is  named  the  aortico-renal  ganglion.  Other  small 
scattered  masses  of  cells  are  present  in  the  cceliac  plexus  (ganglia  coaliaca).  At 
the  upper  end  the  semilunar  ganglion  receives  the  great  splanchnic  nerve.  The 
aortico-renal  ganglion  at  its  lower  end  receivers  the  smaller  splanchnic  nerve. 
Branches  from  the  ganglion  radiate  in  all  directions — inwards  to  join  the  caliac 
plexus,  upwards  to  form  the  diaphragmatic  plexus,  outwards  to  the  suprarenal 
plexus,  downwards  to  the  renal,  superior  mesenteric,  and  aortic  plexuses. 
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The  cooliao  plexus  foims  a  considerable 
lexiform  mass  surrounding  the  coehac  axis.  It 
onsists  of  a  dense  meshwork  of  fibres  with 
anglia  intermingled  (g.  ca4iaca),  joined  by 
umerous  branches  from  the  semilunar  ganglion 
n  each  side,  and  by  branches  from  the  right 
neumogastric  nerve.  It  is  continuous  below 
nth  the  superior  mesenteric  and  aortic  plexuses, 
nvesting  the  coeliac  axis,  it  forms  subsidiary 
dexuses  which  accompany  the  branches  of 
he  artery.  The  coronary  plexus  supplies 
iranches  to  the  oesophagus  and  stomach;  the 
lepatic  plexus  supplies  branches  to  the  liver  and 
^all-bladder,  stomach,  duodenum,  and  pancreas ; 
lud  the  splenic  plexus  sends  offsets  to  the  spleen, 
>ancreas,  and  stomach. 

Subordinate  plexuses  are  formed  on  the 
lorta  and  its  branches  by  nerves  derived  from 
;he  solar  plexus  (semilunar  ganglia  and  coeliac 
)lexus). 

a.  The  diaphragmatic  plexus  consists  of 
ibrea  arising  from  the  semilunar  ganglion,  and 
iccompanies  the  inferior  phrenic  artery.  Besides 
applying  the  diaphragm,  it  gives  branches  to 
he  suprarenal  plexus,  and  (on  the  right  side) 
)  the  inferior  vena  Ciiva,  (on  the  left  side)  to 
he  oesophagus.  It  communicates  on  each  side 
ith  the  phrenic  nerve.  At  the  junction  of  the 
lexus  and  the  phrenic  nerve  of  the  right  side 
ganglion  is  formed  (diaphragmatic  ganglion). 

h.  The  suprarenal  plexus  is  of  most  con- 
iderable  size.  It  is  mainly  derived  from 
ranches  of  the  semihmar  ganglion,  reinforced 
•y  nerves  from  the  lower  part  of  the  solar  plexus 
khich  stream  outwards  on  the  capsular  arteries, 
t  is  joined  by  branches  from  the  diaphragmatic 
dexus  above  and  from  the  lenal  plexus  below. 
The  nerves  enter  the  substance  of  the  suprarenal 
apsule. 

c.  Therenalplexusisderivedfrom(l)  branches 
)f  the  semilunar  ganglion,  and  (2)  fibres  from 
;he  aortic  plexus,  extendinj^  outwards  along  tlie 
•enal  artery  to  the  hilum  of  the  kidney.  It 
•eceives  also  the  least  splanchnic  nerve,  and  is 
;onnected  by  numerous  branches  to  the  supra- 
renal plexus. 

d.  The  superior  mesenteric  plexus  is  insepar- 
ible  above  from  the  ca^liac  plexus,  and  is  joined 
>n  either   side  by  fibres  from   the   semilunar 


ran<jlion.      It  is  continuous   below  with    the 
A  separate  detached  ganglionic 


Fk;.  540. — The  Aiiuanckment  of  thk 
Sympathetic  System  in  the  Thorax, 
Abdomen,  and  Pelvis. 


lortic  plexus. 

iiass  (superior  mesenteric  ganglion)  is  present  in  '^•^^^ ;  L.i-5  ;  s.i-5  ;  Co,  Anterior  primary 

^  ^  divisions  of  spinal  nerves,  connected  to  the 

gaugliated  conl  of  the  sympathetic  by 
rami  communicantes,  white  (double  lines)  and  p'uy  (single  lines)  ;  Oes,  Gjlsophagns  and  (Hsophageal 
plexus  ;  Ao,  Aorta  and  a<;rtic  plexus  ;  Vu,  Vagus  nerve  joining  oesophageal  plexus  ;  S.I,  (Ireat  splanchnic 
nerve;  X,  Great  splanchnic  ganglion;  S.  2,  Small  splanchnic  nerve;  S.3,  Least  splanchnic  nerve;  Co, 
Coronary  artery  and  plexus  ;  Si»u  Splenic  artery  and  plexus  ;  H,  Hejiatic  artery  and  plexus  ;  S.  L,  Semi- 
lunar ganglion  ;  Di,  Diaphragm  ;  S.K,  Suprarenal  cai)sule  ;  Re,  lienal  artery  and  plexus  ;  S.M,  Superior 
mesenteric  artery  and  plexus;  Sr,  Spermatic  aitery  and  plexus;  I.M,  Inferior  mesenteric  artery  and 
plexus  ;  Ht,  Hypogastric  nerves  and  plexus  ;  Rec,  Rectal  plexus  ;  Ut,  I'teriue  plexus  ;  Ves,  Vesical 
plexus  ;  V.V.V,  Visceral  branches  from  sacral  ner>'es. 
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the  plexus.  Accompanying  the  superior  mesenteric  artery  the  plexus  forms 
subordinate  plexuses  around  the  branches  of  the  vessel.  The  plexuses  in  the 
mesentery  at  first  surround  the  intestinal  arteries,  but  near  the  intestine  they 
form  line  plexuses  tetween  the  layers  of  the  mesentery,  from  which  branches  \m 
to  the  wall  of  the  gut.  This  plexus  supplies  the  small  intestine,  caecum,  vermifonn 
appendix,  ascending  and  transverse  portions  of  the  colon. 

e.  The  aortic  plexus  is  the  continuation  downwards  of  the  solar  plexus  around 
the  al)dominal  aorta.  It  is  continuous  above  with  the  superior  mesenteric  and 
solar  plexuses ;  it  is  reinforced  by  the  peripheral  branchas  of  the  lumbar  gangliate»l 
cord  of  the  sympathetic ;  and  it  is  connected  with  the  hypogastric  plexus  below 
l>y  the  hypogastric  nerves.  Besides  investing  and  supplying  the  aorta,  the  plexus 
contributes  to  various  subordinate  plexuses  on  the  branches  of  the  artery.  It 
contributes  to  the  suprarenal  and  renal  plexuses,  and  it  gives  rise  to  the  spermatic 
or  ovarian  and  the  inferior  mesenteric  plexuses. 

The  spermatic  plexus  invests  and  accompanies  the  spermatic  artery.  It  is 
derived  from  the  aortic  plexus,  and  receives  a  contribution  from  the  renal  plexus. 
It  supplies  the  spermatic  cord  and  testicle. 

The  ovarian  plexus  in  the  female  arises  like  the  spermatic  plexus.  It  accom- 
panies the  ovarian  artery  to  the  pelvis,  and  supplies  the  ovary,  broad  ligament,  and 
Fallopian  tube.  It  forms  communications  in  the  broad  ligament  with  the  uterine 
plexus  (from  the  pelvic  plexus),  and  sends  fibres  to  the  uterus. 

The  inferior  mesenteric  plexus  is  a  derivative  from  the  aortic  plexus,  prolonged 
along  the  inferior  mesenteric  artery.  It  forms  subordinate  plexuses  on  the 
branches  of  the  artery  (colic,  sigmoid,  and  superior  haemorrhoidal),  and  is  dis- 
tributed to  the  descending  colon,  iliac  colon,  pelvic  colon,  and  upper  part  of  the 
rectum. 

The  hsrpogastric  nerves  form  the  continuation  of  the  aortic  plexus  into  the 
pelvic  cavity.  They  consist  of  numerous  plexiform  bundles  of  nerve-fibres  which 
descend  along  the  front  and  back  of  the  bifurcation  of  the  aorta  and  the  origin  of 
the  common  iliac  arteries,  and  over  the  sacral  promontory,  where,  becoming  in- 
extricably mingled,  they  constitute  the  hypogastric  plexus. 

The  hypogastric  plexus  is  c(m tinned  downwards  in  front  of  the  sacrum  on  either 
side  of  the  rectum,  and  ends  in  the  pelvic  plexuses. 

The  pelvic  plexuses  are  formed  by  the  separation  of  the  hypogastric  plexus 
into  two  halves  on  either  side  of  the  rectum.  Each  is  joined  by  fibres  from  the 
upper  part  of  the  sacral  portion  of  the  gangliated  cord  of  the  sympathetic,  and  by 
the  visceral  branches  (white  rami  communicantes)  from  the  second  and  third  or 
third  and  fourth  sacral  nervea  Accompanying  the  internal  iliac  artery  and  its 
branches  each  pelvic  plexus  gives  off  subordinate  plexuses  for  the  pelvic  viscera. 

a.  The  hsemorrhoidal  plexus  supplies  the  rectum,  and  joins  the  superior  bsemor- 
rhoidal  plexus  from  the  inferior  mesenteric  plexus. 

h  The  vesical  plexus  accompanies  the  vesical  arteries  to  the  bladder-wall 
Besides  supplying  the  muscular  wall  and  mucous  membrane  of  the  bladder,  it 
forms  subordinate  plexuses  for  the  lower  part  of  the  ureter,  the  vesicula  seminalia, 
and  the  vas  deferens. 

c.  The  prostatic  plexus  is  of  considerable  size.  It  is  placed  on  either  side  of 
the  gland,  and  in  addition  to  supplying  its  substance  and  the  prostatic  urethra,  it 
sends  offsets  to  the  neck  of  the  bladder  and  the  vesicula  seminalis.  It  is  continued 
forwards  on  each  side  to  form  the  cavemoiu  plexus  of  the  penis  (plex.  cavemosus 
penis).  Bundles  of  nerves  pierce  the  layers  of  the  triangular  ligament,  and  after 
supplying  the  membranous  urethra  at  the  root  of  the  penis,  give  off  branches  which 
enter  and  supply  the  corpus  cavernosum.  The  cavernous  nerves  communicate  with 
branches  of  the  pudic  nerve,  and  give  offsets  to  the  corpus  spongiosum  and  the 
spongy  portion  of  the  urethra. 

d.  The  uterine  plexus  passes  upwards  for  a  short  disttmce  with  the  uterine  artery 
between  the  layers  of  the  broad  ligament,  and  is  then  distributed  to  the  surfaces 
and  substance  of  the  organ.  It  communicates  between  the  layers  of  the  broad 
ligament  with  the  ovarian  plexus. 

^  vaginal  plexus  is  formed  mainly  by  the  visceral  branches  of  the  sancal 
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vee  entering  the  pelvic  plexua  It  supplies  the  wall  and  mucous  membrane 
the  vagina  and  urethra,  and  provides  a  cayemoas  plexos  for  the  clitoris  (plex. 
emosus  clitoridis).  The  uterine  and  vaginal  plexuses  of  the  female  correspond 
the  prostatic  plexus  of  the  male. 


DEVELOPMENT  OF  THE  SYMPATHETIC  SYSTEM. 

There  are  two  diametrically  opposite  views  of  the  mode  of  development  of  the  sym- 
hetie  system. 

In  birds  and  mammals  the  first  rudiment  of  the  sympathetic  cord  occurs  in  the 
oiation  of  a  longitudinal  unsegmented  column  of  mesoblastic  cells  (which  stain  more 
ply  than  the  mesoblast  in  which  they  lie)  on  either  side  of  the  aorta,  and  coterminous 
h  it.     This  column  of  cells  becomes  joined  at 

early  stage  by  the  visceral  branches  of  the 
ual  nerves  which  grow  inwards  from  the  main 
've  trunks  into  the  splanchnic  area,  and  result 
m  the  division  of  the  nerve  into  somatic  and 
:;eral  parts.     These  visceral  branches  constitute 

white  rami  commnnicantes.  They  receive 
tributions  usually  from  both  dorsal  and  ventral 
ts,  and  gradually  approaching  the  above-men- 
led  column  of  mesoblastic  cells,  they  become 
mately  associated  with  the  cells.  In  some 
28  fibres  of  the  visceral  nerves  pass  over  the 
ular  colunm  into  the  splanchnic  area  without 
nexion  with  it  (Fig.  548).  By  the  junction  of 
se  visceral  nerves  with  the  cells  of  the  column, 
:ain  cells  persist  and  produce  the  ganglia. 
i  intervening  portions  of  the  column,  by 
nges  in  the  cells,  and  by  the  addition  possibly 
fibres  belonging  to  the  visceral  nerves,  give 
;  to  the  commissural  cords.  The  cellular 
imn,  besides  producing  the  gangliated  cord, 
the  further  growth  of  its  cells  and  their  ex- 
sion  centrally  and  peripherally,  produces  the 
y  rami  commnnicantes,  parts  of  the  peripheral 
jiches,  and  the  peripheral  (collateral  and 
minal)  ganglia,  as  well  as  the  medullary 
-tion  of  the  suprarenal  capsule.  The  cervical, 
rer  lumbar,  and  sacral  portions  of  the  sym- 
ihetic  gangliated  cord  are  secondary  extensions 
m  the  more  primitive  condition,  gradually 
)wing  upwards  and  downwards  along  the  main 
isels.  These  portions  of  the  system  are  not 
jvided  with  white  rami  commnnicantes.  The 
nglia  of  the  sympathetic  assume  their  seg-  Sy,  Sympathetic  cord ;  Spl,  Splanchnic  branches 
^nted    appearance   (1)    from   the   persistence  of  of  spinal   nerves    (white    rami    communi- 

B  primitive  cells  and  their  connexion  with  the  ^"^^^ '   ^i?'  Vertebral  segments ;  D.G, 

1  V  *    xu         u-i.  J  Dowal  ganglia. 

mal  nerves  by  means  of  the  white  and  gray 

ni  communicantes,  and  (2)  from  the  way  in  which  the  primitive  column  is  moulded 

the  surrounding  structures  (bones,  segmental  arteries,  etc.) 

Another  account  of  the  development  of  the  sympathetic  system,  supported  by  high 
thority,  describes  the  gangliated  cord  as  an  outgrowth  of  the  dorsal  ganglia  of  the 
nal  nerves.  It  is  said  that  each  ganglion  gives  off  a  bud  at  its  lower  end,  which, 
jwing  inwards  into  the  splanchnic  area,  becomes  attached  to  the  trunk  of  the  spinal 
rve  just  beyond  the  union  of  the  dorsal  and  ventral  roots.  The  bud  still  extending 
vards  into  the  splanchnic  area,  remains  associated  with  the  nerve  by  an  attenuated 
ilk.  These  buds,  it  is  said,  become  the  ganglia,  which,  after  reaching  their  permanent 
ice  in  the  splanchnic  area,  are  supposed  to  extend  upwards  and  downwards  so  as  to 
ilesce  and  form  a  beaded  chain  of  ganglia.  The  stalks  connecting  the  ganglia  with  the 
nal  nerves  become  the  white  rami  communicantes.  This  mode  of  development  does 
t  satisfactorily  account  for  several  imix)rtant  features  of  the  sympathetic  system — the 
velopment  of  those  parts  of  the  gangliated  cord  which  possess  no  ^'h\\«  twcca^  XXika 


Fig.  547.— The  Developmknt  of  the 
Sympathetic  Ganqliatbd  ('okd. 
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iihsence  of  a  real  segmental  character  in  the  corcl  (remarkably  shown  in  the  fcetiw),awi 


the  constancy  of  continuity  in  the  gangliated  cord. 


Spl.  ^ 


Xo  instance  is  recorded  of  a  hiatm 
V)etween  two  ganglia.  Jt  is  a 
tempting  view  on  the  other  hand, 
as  it  ascril>es  to  the  one  germinal 
layer  (epiblast)  the  formation  of  all 
the  elements  of  the  nervous  s\>U'in. 
and  it  brings  the  sympathetic 
ganglia  into  serial  homology  with 
isolated  ganglia  on  the  cranial  nenes 
{e.</.  the  ciliary,  spheno-palatiue,  ami 
otic,  on  the  trigeminal  nerve). 

The  Morphology  of  the  Sym- 
pathetic System. 

Fruni  a  consideration  of  it.s  siiiit- 
tuiv,  functions,  and  develoj^niviit,  tht-re 
apj>ear  to  be  two  separate  struduw 
represented  in  the  sympathetic  nen'on? 
system— the  spinalaiid  the  sympathitk 
elements.  The  structure  of  the  syatdo 
presents  a  union  of  two  distinct  elementi 
— fibres  of  cerebro-spinal  origin  and 
"  sympathetic  "  cells  and  fibres.  While 
the  function  of  the  gangliated  conl  lod 
its  branches  seems  to  be  absolutely  de- 
pendent ui)on  the  cerebro-spiualnervous 
system,  it  is  certain  that  the  celk  and 
fibres  of  the  sym|)athetic  system  jxflKtt 
a  vital  activity  apart  from  their  con- 
nexion with  the  central  nervoussyBtem. 
In  the  development  of  the  symjpathetic 
it  is  at  least  highly  pnjbable  that  a  mesoblastic  ru<linient  or  precursor  forma  the  basis  of  the 
sympailietic  system,  which  is  secondarily  joine<l  by  nerve-fibres  from  the  roots  of  the  spisal 
iiervej?. 

Morphologically  this  part  of  the  nervous  svstem  is  essentially  a  longitudinal  cord  or  colniim, 
asscxiated  witli  involuntary  muscles  and  ^dandular  tissuci^,  and  i>articularly  i-elated  to  the orgau 
in  the  sj)lanchnic  area.  Like  other  longitudinal  structui-es  in  the  body,  and  especially  like  the 
organs  of  the  splanchnic  area,  the  sympathetic  system  is  not  truly  segmental  The  gangUiUd 
eor<l  is  only  quasi -segmental,  the  segmentation  Ixjing  attributable  to  its  junction  with  the 
visceral  branches  of  the  spinal  nerves.  The  peripheral  branches  from  the  gangliated  cord  are 
not  segmental ;  even  the  gray  rami  are  not  properly  metanieric,  but,  like  the  ganglia,  aafinmea 
segmental  character  in  consequence  of  their  connexions  with  the  spinal  nerves. 

The  ])hylogenetie  relation  of  the  sympathetic  and  the  cerebro-spinal  elements  in  the  syatem 
it  is  impos-^ible  to  determine.  It  may  be  that  the  sympathetic  system  is  the  represitntaUve of 
an  anrient  architecture  independent  of  the  ceroln-o-spinal  nervous  system,  the  materials  of  whidi 
are  utilised  for  a  nion*  nuxlern  nervous  .system  ;  or  it  may  be  that  the  correlation  of  spinil 
iierve.s  and  sympathetic!  are  both  the  consequences  of  the  formation  of  new  organs  and  structows 
in  the  splanchnic  area.  Examintnl  in  every  light,  it  ]»ossesse8  features  which  eflfectually  djftr- 
entiate  it  from  the  cerebro-spinal  system,  "although  it  has  become  inextricably  united* with  it 
and  subservient  to  it. 
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-SECTION    THUOUCJH   the   SyMPATHKTIC   (fAXiJLIATED 

C'()RD  OF  AX  Embryo. 

Allowing  the  connexion  with  the  ganglion  (Sy)  of  the  wliite 
ranin<  coniniunicjin.s  (Spl)  ;  (o)  a  j>ortion  of  the  ramus  join- 
in;jr  the  ;;anglion  ;  (fi)  fibres  passing  over  the  cord,  accom- 
panied liy  a  stream  of  cells  ;  (7)  continuous  with  those  of 
the  ganglion  ;  (Ao)  Aorta. 


THE   ORGANS  OF   SENSE  AND  THE 
INTEGUMENT. 

By  Eobebt  Howden. 

THE  NOSE. 

IE  nose  constitutes  the  peripheral  part  of  the  organ  of  smell  (organon  olfactus), 
ice  to  the  upper  portion  of  its  mucous  lining  the  branches  of  the  olfactory  nerve 
Q  distributed.  It  consists  of  an  external  portion,  the  outer  nose,  which  projects 
)m  the  face,  and  of  an  internal  part,  or  cavum  nasi,  which  is  divided  by  a  vertical 
3tum  into  right  and  left  cavities  or  fossae. 

The  outer  nose,  or  nasus  externus,  forms  a  more  or  less  triangular  pyramid,  of 
lich  the  upper  angle  is  termed  the  root  (radix  nasi),  and  is  usually  separated  from 
e  glabella  by  a  depression,  while  its  base  (basis  nasi),  directed  downwards,  is  per- 
rated  by  the  apertures  of  the  nostrils  (anterior  nares).  Its  free  angle  is  named 
e  point  (apex  nasi),  and  the  anterior  border,  joining  root  and  point,  is  termed  the 
rsnin  nasi ;  the  upper  part  of  the  dorsum  is  supported  by  the  nasal  bones,  and  is 
jned  the  bridge.  The  lateral  aspects  of  the  nose  are  continuous  with  the  eyelids 
ove  and  with  the  cheeks  below,  forming  with  the  latter  a  varying  angle.  Each 
teral  surface  ends  inferiorly  in  a  mobile  and  expanded  portion,  the  ala  nasi,  which 
rms  the  outer  boundary  of  the  anterior  nares,  and  is  limited  above  by  a  furrow, 
e  alar  sulcus.  The  skin  covering  the  nose  is  thin  and  movable  over  the  root,  but 
ick  and  adherent  over  the  point  and  alse,  where  it  contains  numerous  large 
baceous  glands. 

The  arterial  supply  of  the  outer  nose  is  derived  from  the  facial  and  ophthalmic  arteries,  and 
veioB  drain  themselves  into  the  facial  and  ophthalmic  trunks.  Its  principal  lymphatic  vessels 
low  the  course  of  the  fecial  vein  and  open  into  the  submaxillary  lymphatic  glands.  From  the 
•t  of  the  nose  one  or  two  vessels  curve  backwards  above  the  orbit  to  reach  the  upper  parotid 
nds,  while  a  third  ffroup  runs  below  the  orbit  to  the  lower  parotid  glanda  The  lacial  nerve 
>plies  its  muscles,  while  the  sensory  nerves  for  the  skin  are  tlie  infratrochlear  and  nasal  branches 
tne  ophthalmic  nerve  and  the  infraorbital  branch  of  the  superior  maxillary  nerve. 

The  nose  presents  great  variety  as  to  its  size  and  shape,  and  certain  well-aefined  ty])e8,  such  as 
Liiline,  Grecian,  etc.,  are  described.  The  relation  which  its  breadth,  measured  across  the  alae, 
irs  to  its  length,  measured  from  root  to  point,  is  termed  the  nasal  inciex,  and  is  expressed  thus  : 

greatest  breadth  x  100 
greatest  length. 

In  white  races  this  index  is  below  70  (leptorhines) ;  in  yellow  races,  between  78  and  85 
esorhines) ;  and  in  black  races,  above  85  (phityrhin(>s). 

CAETIIAGES  OF  THE  NOSE. 

In  addition  to  the  bony  skeleton  of  the  nose  there  are  five  chief  cartilages 
artilagines  nasi)  which  contribute  to  the  production  and  maintenance  of  its 
iai)e.  These  are  named — (a)  the  cartilage  of  the  septum,  and  (6)  the  upper  and 
wer  lateral  cartilages  on  each  side. 

The  cartilage  of  the  septum  (cartilago  septi  nasi,  Fig.  549)  is  of  an  irregularly 
ladrilateral  form.  Its  postero-sui^rior  edge  is  attached  to  the  mesethmoid ;  its 
<8tero-inferior  margin  to  the  vomer  and  intermaxillary  crest.     Its  a\i\,eto-^\3c^fvQt 
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border  is  thick,  aud  is  fixed  above  to  the  back  of  the  internasal  suture ;  below  tlw 
level  oi'  tlic  nasal  bones  it  is  continued,  on  either  side,  into  the  upjier  laterdl 
cartilages,  vvliich  may  be  looked  upon  as  its  wing-like  expansions.     The  lower  pan 


Fn>itfc»l  >U--duu*~ 


Fkj.  649. — Latehal  View  of  Nasal  Seitum. 

of  this  border  is  separated  by  a  fissure  from  the  upi)er  lateral  cartilages,  ani 
extends  downwards  between  tlie  inferior  latenxl  cartilages,  to  which  it  is  attached 
])y  fil>rous  tissue.  In  this  fibrous  tissue  a  small  sesiimoid  cartilage  is  usually 
seen  <»n  each  side  of  the  middle  line.  Its  antero-inferic^r  border  is  short,  and  i* 
attaclunl  l>y  fibrous  tissue  to  the  mesial  plates  of  the  lower  lateral  cartilagtf. 
wliil(»  its  anterior  angle  is  rounded  and  doas  not  reac'h  as  far  as  the  point  of  tk 
nose.  The  lowest  part  of  the  nasjil  sjeptum  is  not  formed  by  the  septal  cartilap. 
but  by  the  mesial  plates  of  tlie  lower  lateral  cartilages  and  by  the  integument,  and, 
bein;^  freely  movable,  is  termed  the  septum  mobile  nasi.  The  cartiUige  of  the  septum 
may  be  ])rolongod  backwards  (ea]>ecially  in  children)  as  a  tongue-like  process  into 
the  angbt  between  the  vomer  and  ethmoid.  This  pr(»cess,  varying  in  width  frtim 
4-G  mm.,  is  named  tlie  processus  sphenoidalis  septi  cartilaginei,  and  sometimes  reache^ 
as  far  as  tlie  body  of  the  sphenoid. 

Lying  along  th«  low»*r  edge  of  the  c^irtilage  of  the  septum,  and  best  se«'n  on 
making  a  coronal  section  of  the  nose,  are  a  cou])le  of  elongat<>d  cartilaginous  siTi\^' 
Kach  measuri's  from  0-12  mm.  in  length,  is  attac]i«^d  U)  the  vomer,  aud  is  naim'^l 
tin*  vomerine  cartilage  '(.artil  igo  vomeronasalis,  Jacobscuii). 

'I'htj  upper  lateral  cartilage  (cartilago  nasi  lateralis,  Figs.  r)50,  551)  is  triangulir 
in  sha]»e  and  siiualed  immediately  below  the  nasal  }>one,  to  which  and  to  tlu' 
sn]>erinr  maxilla  its  I  bin  pnsturinr  l»orib.*r  is  attached.  Its  anterior  e-ilge  is  thick 
and  its  u])per  y)art  is  dirertly  continuous  with  the  c*irtilageof  the  septum.  Its  lower 
margin  is  joined  l)y  fibrous  tissue  to  the  u]>]X^r  edge  of  the  lower  lateral  cartilagi'. 

The  lower  lateral  cartilage  (cartilago  alaris  majc»r.  Figs.  550,  551,  552)  encircles 
the  anteri<»r  ])art  of  the  nostril  and  assist'*  in  kee])ing  it  open.  It  consists  of  two 
plates,  outer  and  inner,  which  are  continuous  with  each  other  in  a  rounded  angle 
at  the  ])oint  of  the  nose.  The  outer  plate,  or  crus  laterale,  is  oval  in  shaiie  and  is 
nttiiohvd  to  the  ujiper  lateral  cartilage  and  to  the  sujxTior  maxilla  by  fibrous  tissue. 
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650. — Profile  View  op  the  Bony  and  Carti- 
LAQiNous  Skeleton  of  the  Nose. 


5U8  with  its  postero-superior 
;  two  or  three  small  carti- 
pieces  (cartilagines  alares 
,  while  sometimes  a  horizon- 
w  cuts  off  a  narrow  linear 
m  its  upper  aspect.  The 
ge  of  the  outer  plate  does 
end  as  far  as  the  lateral 
r  of  the  nostril,  the  ala  being 
)f  cartilage  and  composed 
of  fatty  and  connective 
)vered  by  skin.  The  inner 
•  crus  mediale  (Fig.  552), 
lie  inner  aspect  of  the  nostril 
in  the  septum  mobile  nasi, 
e  anterior  part  of  the  carti- 
the  septum.  The  mesial 
the  two  cartilages  are  separ- 
front  by  a  notch  which 
ids  with  the  point  of  the 
I  each  curves  slightly  out- 
)Osteriorly  and  ends  in  a 
extremity. 

NASAL  FOSS^.. 

lasal  fossae  (Fig.  553)  are 

imber  and  are  placed  one  on 

le  of  the  middle  line.     They 

from    the   anterior   to    the 
nares  or  choanse,  and   open  through  the  latter  into  the   naso-pharynx. 

>ny  boundaries  are  described  in   the  section  on  Osteology  (p.  173).     On 

the  lateral  wall  of  each  are  found 
the  orifices  of  the  frontal,  eth- 
moidal, sphenoidal,  and  maxillary 
sinuses,  together  with  that  of  the 
nasal  duct. 

Immediately  above  the  aperture 
of  the  nostril  is  a  slightly  ex- 
panded area,  the  yestibule  (vesti- 
bulum  nasi).  This  is  bounded 
externally  by  the  lower  lateral 
cartilage,  and,  internally,  by  the 
lower  part  of  the  septum,  and  is 
prolonged  towards  the  tip  of  the 
nose  as  a  small  pouch,  termed  the 
ventricle.  Partly  subdivided  by  a 
curved  ridge,  the  vestibule  is  lined 
by  skin  and  contains  hairs  and 
sebaceous  glands.  The  hairs,  or 
vibrisste,  springing  from  its  lower 
half,  are  stout  and  curved  down- 
wards to  guard  the  entrance  to  the 
nostril.  The  upper  part  of  the 
vestibule  is  smooth,  and  is  limited 
above  and  l)ehind  by  a  slightly- 
marked    arched    prominence,    the 

limen  nasi,  beyond  which  the  fossa 
-Frost  View  of  thk  Bt)NT  and  Cartilaginous  .       ,  .  '  ./,«^„„  «.^.^K^«,.^ 
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Fio.  552.— Cartila(je8  of  Nose  from  Below. 


The  nasal  fossa  above  and  behind  the  vestibule  is  divided  into  two  parts,  vii 
an  upper  or  olfactory,  and  a  lower  or  respiratory  region.  The  olfBCtcrj  part^  or  regio 
olfactoria,  is  a  narrow,  slit-like  cavity,  and  comprises  the  region  of  the  superior 

turbinated  bone,  together  with  a  correqNmd- 
ing  portion  of  the  septum.  The  XMpinton 
part,  or  regio  respiratoria,  is  expanded,  and 
;  cartilage  incliidcs  the  lower  and  remaining  parts  of 
the  fossa. 

Inner  Wall  or  Septum  Nasi  (Fig.  549) 
— Where  the  bony  septum  is  de6cient, 
below  and  in  front,  the  gap  is  filled  bj  the 
septal  cartilage.  Until  the  seventh  year 
the  nasal  septum  lies,  as  a  rule,  in  the 
mesial  plane,  but  after  this  age  is  tot 
often  deflected  to  one  or  other  side— dmr 
frequently  to  the  right — the  deflection  being 
usually  greatest  along  the  line  of  junction  of  the  vomer  and  mesethmoid.  Deflec- 
tion of  the  septum  is  more  common  in  European  than  in  non-European  skulb- 
occurring  in  about  53  per  cent  of  the  former  and  in  about  28  per  cent  of  the  latter 
(Zuckerkandl,  Anatomic  der  Nasenhbhle,  1892).  Associated  with,  or  apart  fwo, 
this  deviation,  lateral  crests  or  spurs  of  bone  are  found,  in  about  20  per  cent  of 
skulls,  projecting  from  the  septum  into  one  or  other  nasal  fossa.  In  the  floor  of 
the  fossa,  close  to  the  lower  edge  of  the  septal  cartilage  and  immediately  over  the 
incisive  foramen,  a  slight  depression,  the  recessus  naso-palatinus,  may  be  seen.  It 
is  directed  downwards  and  forwards,  and  indicates  the  ]X)sition  of  the  communication 
which    originally  ,    _.. 

existed  between 
the  nasal  and 
buccal  cavities. 
In  the  septum, 
a  little  above 
and  ill  front 
of  this  depres- 
sion, is  a  minute 
orifice,  not  always 
rec  ogn  i  sable, 
from  which  a 
blind  ix)uch  ex- 
tends upwards 
and  backwards 
for  a  distance  of 
from  2  to  9  mm. 
This  is  the  rudi- 
mentary organ  of 
Jacobson  (orga- 
non  voniero- 
misale)  and  ia 
8ui)ported  by  the 
vomerine      carti- 

la"<3.     In  many  of   ''''^*  553.— -Coronal  Suction  throi-^;h  Nasal  Foss^  ; 
the  lower  animals  ^'^"^'^^  ''^^^  «""™^- 

this  organ  is  well  developed  (Fig.  554),  and  probably  plays  a  part  in  the  sense  of 
smell,  ]>eiiig  lined  by  epithelium  similar  to  that  in  the  olfactory  part  of  the  nose 
and  supplied  by  branches  of  the  olfactory  nerve. 

Outer  Wall  (Fig.  455). — Al>ove  the  superior  turbinated  bone  is  a  narrowreceBs^the 
recessus  spheno-ethmoidalis,  into  the  posterior  pait  of  which  the  sphenoidal  air-anus 
opens.  The  superior  meatus  (meatus  nasi  superior)  is  a  short  oblique  fissure,  directed 
downwards  and  backwards  under  cover  of  the  superior  turbinated  bone ;  into  itB 
antero-sui)erior  portion  the  posterior  ethmoidal  cells  open  by  one  or  more  orifioea. 
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3  narrow  slit-like  interval  between  the  nasal  septum  and  the  inner  aspect  of  the 

idle  turbinated  bone  is  named  the  olfactory  cleft  or  sulcus.     The  middle  meatus 

aatus  nasi  medius),  situated  below  and  to  the  outer  side  of  the  middle  turbinated 

le,  is  a  roomy  passage,  and  is  continued 

wards    into    a    slightly    depressed    area 

med  the  atrium  meatus  nasi,  which  lies 

mediately    above     the    vestibule.       The 

ium  is  limited  above  and  in  front  by  a 

?  ridge,   the   agger  nasi,  the  representa- 

e  of  the  naso-turbinal  found  in  many 

imals.     On  raising  or  removing  the  middle 

rbinated  bone  a  rounded   elevation,  bulla 

imoidalis,  caused  by  the  middle  ethmoidal 

:-celIs,   is  seen.     This  varies  in  size  and 

directed  downwards  and  forwards,  whilst 

ening  either  on  it  or  above  it  are   the 

ifices  of  the  middle  ethmoidal  cells.     Curv- 

g  upwards  and  forwards,  below  and  in  front 

the  bulla  ethmoidalis,  is   a  deep,  narrow 

oove,  the  hiatus  semilunaris,  into  which  the  anterior  ethmoidal  cells  and  the 

trum  of  Highmore  open.     The  opening  from  the  antrum  (ostium  maxillare)  is 

uated  near  the  lower  and  back   part   of  the  hiatus,  and  is  placed   near   the 


Or^ns  of  JaE!dbfu>ii 

Fig.  564. — Sbction  through  Nosb  of  Kiiten, 
showing  position  of  Jacobson's  oi^n. 
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'iG.  555.- -View  of  the  Outer  Wall  op  the  Nose— the  Turbinated  Hones  havin(;  been  removed. 


tstibule. 

;>ening  of  antrum  of  Highmore. 

[atiifl  seiiiiluiians. 


4.  Bulla  othmoidalis. 

f).  Agger  nasi. 

•'.  OiH-niug  of  anterior  ethmoidal  cells. 


7.  Cut  edge  of  superior  turbinated  bone. 

8.  Cut  etlge  of  middle  turbinated  bone. 
*.».  rharyngeal  orifice  of  Euslacliian  tube. 


F  of  the  antral  cavity.  A  second  opening  (ostium  accessorium)  is  not  infrequently 
a  in  the  middle  meatus  above  the  posterior  part  of  the  inferior  turbinated  bone. 
I  middle  meatus  extends  upwards  and  forwards,  and,  becoming  narrowed,  is 
tinned  into  the  inftindibulum  or  channel  leading  into  the  frontal  air-sinus. 
inferior  meatus  (meatus  nasi  inferior)  lies  below  the  inferior  turbinated  bone, 
50 
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Fig.  556. — Section  through  the  Olfactory  Mucous  Membrane. 
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under  cover  of  the  anterior  part  of  which  is  found  the  slit-like  orifice  of  the  nasal 

duct  (see  p.  741). 

Mucous   Membrane  (membrana  mucosa  nasi). — The   Schneiderian   or  na.sal 

mucous   meiubranv 
n  is      thick,     highlj 

-'— "'  "*^°'' vascular,  and  firmly 

bound  to  the  sub- 
jacent  i)erio8teum 
and  perichondrium. 
It  is  continuous, 
through  thechoanae, 
with  the  mucous 
lining  of  the  naso- 
pharynx ;  through 
the  nasal  duct  and 
lachrymal  canals, 
wdth  the  conjunc- 
tiva ;  and,  through 
the  apertures  lead- 
ing into  the  air- 
sinuses,  with  the 
delicate  lining  d 
these  cavities. 
Throughout  the 

respiratory  region   it  is  covered  by  columnar,  ciliated   epithelium,   interspersed 

amongst  which  are  goblet  or  mucin  cells,  whilst  between  the  bases  of  the  columnar 

cells  smaller  pyramidal  cells  are  interpolated.     It  contains  a  freely  anastomosing 

venous     plexus,     which 

in    some  parts,  e.g.  over 

the   inferior    turbinated 

lx)nes,  fonns   a  kind  of 

cavernous  tissue  (plexus 

cavernosus    concharum). 

Many    acinous    glands, 

secreting  a  watery  fluid, 

are  embedded  in  it,  and 

are  especially  large  and 

numerous  in  the  posterior 

half  of  the  nasal  fossa\ 

while  in  children  it  con- 
tains     11      considerable 

amount     of    adenoid 

tissue. 

In     the    olfactory 

region  the  mucous  mem- 
brane   is    yellowish    in 

colour,  more  delicate,  and 

covered   by  non-eiliated 

columnar        epithelium 

(Figs.  556,   557).     Km- 

bedded  in  it  are  numerous 

tubular     and      often 

branched  glands,  the 

glands  of  Bowman  (gl.  oltactoriic) ;  these  are  lined  by  polygonal  cells  and  open  by 

tine    ducts   on   its  free  surface.      The  epithelium   covering   the   olfactory  regiou 

consists  of:  (1)  supporting  cells,  (2)  olfactory  cells,  and  (3)  basal  cells. 

1.  Supporting  Cells. — The  outer  part  of  these  cells  is  columnar  in  shape  ind 

contains  fine  granules  of  yellow  ])igment,  whilst  the  deeper  portion  is  attenuated 

and  frequently  branched.     They  contain  elliptical  or  oval  nuclei,  which  are  si tuatfld 
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the  deep  ends  of  the  columnar  parts  of  the  cells,  and  form  what  is  termed  the 
le  of  oval  nuclei. 

2.  OlfSEwtory  Cells. — They  are  spindle-shaped  and  lie  between  the  deeper, 
enuated  parts  of  the  supporting  cells ;  their  nuclei  are  circular  and  form  the 
le  of  round  nuclei.  Each  cell  gives  off  a  peripheral  and  a  central  process,  the 
mer  of  which  is  rod-like  and  ends  on  a  level  with  the  free  extremities  of  the 
)porting  cells,  where  it  is  surmounted  by  a  pencil  of  short  filaments,  termed  the 
kctory  hairs.  A  fine  membrane,  the  membrana  limitans  externa,  covers  in  mxny 
mals  the  free  surface  of  the  epithelium,  and  is  pierced  by  the  olfactory  hairs  and 
the  ducts  of  Bowman's  glands. 

The  central  process  is  a  very  delicate  varicose  filament,  which  passes  inwards 
1  is  continuous  with  a  fibril  of  the  olfactory  nerve.  Each  of  these  nerve  fibrils 
)bably  retains  its  independence  from  its  point  of  origin  in  an  olfactory  cell  to  its 
mination  in  the  olfactory  bulb,  in  the  glomerular  layer  of  which  it  forms  a  free 
)ori8ation. 

3.  Basal  Cells. — These  cells  are  branched,  and  lie  on  a  basement  membrane 
;ween  the  deep  extremities  of  the  supporting  and  olfactory  cells. 

Olfactory  Nerves. — These  nerves  arise  from  the  under  aspect  of  the  olfactory 
lb  and  are  transmitted  through  the  foramina  in  the  cribriform  plate  of  the 
imoid  bone.  They  are  at  first  lodged  in  the  bony  canals  or  grooves  situated  on 
\  inner  and  outer  walls  of  the  olfactory  area,  and,  reaching  the  deep  surface  of 
I  mucous  membrane,  are  continued  into  the  central  processes  of  the  olfactory 
Is.     The  olfactory  nerves  possess  no  medullary  sheath. 

The  fifth  cranial  nerve  supplies  branches  of  ordinary  sensation  to  the  nasal  mucous  membrane 
oUows :  The  septum  is  chiefly  supplied  by  the  naso-palatine  nerve,  but  its  posterior  part 
dves  some  filaments  from  Meckel's  ganglion  and  the  Vidian  nerve,  and  its  anterior  portion 
n  the  nasal  branch  of  the  ophthalmic  The  outer  wall  is  supplied— (1)  by  the  upper  nasal 
Qches  of  the  Vidian  nerve  and  Meckel's  ganglion  ;  (2)  by  the  lower  nasal  branches  derived  from 
anterior  palatine ;  and  in  front  by  (3)  the  outer  division  of  the  nasal  branch  of  the  ophthalmic 
i  floor  ana  anterior  part  of  the  inferior  meatus  are  supplied  by  a  nasal  branch  of  the  anterior 
erior  dental  nerve. 

Blood-vessels. — Arteries. — The  chief  artery  of  the  nose  is  the  spheno-palatine  branch  of  the 
smal  maxillary  artery.  This  reaches  the  nasal  cavity  through  the  spheno-palatine  foramen,  and 
ides  into— (a)  posterior  nasal,  which  ramifies  over  the  turbinated  bones  and  sends  branches  to 
antrum  and  to  the  frontal  and  ethmoidal  cells ;  and  (b)  naso-palatine,  the  artery  of  the 
turn.  Twigs  are  given  to  the  upper  portion  of  the  cavitv  by  the  anterior  and  posterior 
moidal  arteries,  while  its  posterior  part  receives  some  small  branches  from  the  descending 
aline  vessel  The  nostrils  are  supplied  by  the  lateral  nasal  branch  of  the  facial,  and  by  the 
tal  artery  of  the  superior  corona^}^  The  antrum  is  partly  supplied  by  the  infraorbital  artery, 
ilflt  the  sphenoidal  sinus  gets  its  chief  supply  from  the  ptery  go -palatine  vessel.  The  veins 
m  a  dense  plexus  almost  resembling  cavernous  tissue  in  structure.  This  condition  is  well  seen 
the  respiratory  region,  and  especially  so  over  the  middle  and  inferior  turbinated  bones  and  on 
t  lower  part  of  tlie  septum.  The  venous  blood  is  carried  in  three  chief  directions,  viz. 
v:<irds  into  the  facial  vein,  hackvxirds  into  the  spheno-palatine  vein,  and  upitxirds  into  the 
imoidal  veins.  The  ethmoidal  veins  communicate  with  the  ophthalmic  veins  and  the  veins  of 
i  dura  mater ;  further,  an  ethmoidal  vein  passes  up  through  the  cribriform  plate  of  the 
inioid,  and  either  opens  into  the  venous  plexus  of  the  olfactory  bulb  or  directly  into  one  of  the 
ns  of  the  orbital  part  of  the  frontal  lobe  of  the  brain.  The  lymphatics  form  an  irregular  net- 
rk  in  the  superficial  part  of  the  mucous  membrane,  and  can  be  injected  from  the  subdural  or 
arachnoid  space.  The  larger  vessels  are  directed  backwards  towards  the  choanae,  and  are 
lectetl  into  two  trunks,  of  which  the  larger  passes  to  a  lymphatic  gland  in  front  of  the 
s  vertebra,  and  the  smaller  to  one  or  two  glanas  situated  near  the  great  comu  of  the  hyoid 
le. 

The  development  of  the  nose  is  described  in  the  section  which  deals  with 
reneral  Embryology  "  (p.  38). 


THE  EYE. 

The  eyeball  or  globe  of  the  eye  (bulbus  oculi)  constitutes  the  chief  part  of  the 
jan   of  sight   (organon   visus);   but,    associated    with   its   description,   certain 
lessory  structures,  such  as  the  eyelids  and  the  lachrymal  apparatus,  fall  to  be 
isidered. 
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Situated  in  tlie  anterior  ]»art  of  the  orbitiil  cavity,  the  eyeball  is  protected  in 
front  ]»y  tlie  eyelids  and  by  their  luucous  lining,  the  conjunctiva,  and  is])ierced 
behind  by  the  optic  nerve,  or  nerve  of  siglit,  which  spreads  out  to  form  its  innermcsi 
tunic,  the  retina.  The  tendons  of  the  ocular  muscles  are  attached  to  its  outer 
surface  a  short  distance  in  front  of  its  equator,  while  its  posterior  two-thirds  are 
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enveloped  by  a  loose  nienil)rane,  termed  the  capsule  of  Tenon,  or  fascia  bulbi,  which 
separates  it  from  the  siirroundiug  orbital  fat. 

The  eyeball  is  not  quite  spherical,  being  composed  of  the  segments  of  two 
spheres,  viz.  an  anterior,  transi>arent,  corneal  segment,  possessing  a  radius  of  7  or 
8  mm.,  and  a  posterior,  opacjue,  scleral  segment,  with  a  radius  of  about  12  mxn. 
(Fig.  558).     The  anterior  or  corneal  segment,  in  consequence  of  its  shorter  radius, 
projects  as  a  dome  in   front  of  the  scleral  portion,  the  union  of  the  two  parts 
being  indicated   externally  by  a  slight  groove,  the   sulcus   sclerae.     The  centrd 
points    of    the    anterior    ami    posterior    curvatures    of    the    eyelmll    constitute 
respectively  its  anterior  and  posterior  poles,  while  a  straight  line  joining  the  twx) 
poles  is  termed  its  sagittal  axis  (axis  optica).     The  axes  of  the  two  eyeballs  aw 
almost  parallel,  diverging  only  slijihtly  in  front ;  but  the  axes  of  the  optic  uervw 
converge  behind,  and,  if  prohmged  backwanls,  would  meet  in   the  region  of  the 
dorsum  sclhi-  of  the  sjilKMund.     An  imaginary  line  encircling  the  globe  midway 
betwct'U  its  two  poles  is  named  its  equator,  and  meridional  lines  (meridiani)  may  be 
drawn  from  pole  to  pole  at  right  jingk^s  to  the  equator.     Its  sagittal  and  transveT>(6 
diameters  are  nearly  e([ual — about  24  nnn.:  its  vertical  diameter  is  about  23'5  mm. 
All  three  diametei-s  are  rather  less  in  the  female  than  in  the  male,  but  the  size  of 
the  eyeball  is  faiily  constant  in  the  .same  sex.     What  are  popularly  described  as 
large  eyes  owe  their  api»arent  increase  in  size  to  a  greater  ])rominence  of  the  globe 
and  to  a  widar  fissun*  between  the  eyelids. 
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At  birth  the  eyeball  is  nearly  spherical  and  has  a  diameter  of  about  17 '5  mm.  By 
age  of  puberty  this  has  increased  to  20  or  21  mm.,  after  which  it  rapidly  reaches  its 
It  size. 

The  eyeball  (Fig.  558)  consists  of  three  concentric  tunics  or  coats,  contained 
hin  which  are  three  transparent  refracting  media.  The  three  tunics  are  :  (1)  an 
er  fibrous  coat,  the  sclero-cornea,  consisting  of  an  opaque  posterior  part,  the 
ra,  and  a  transparent  anterior  portion,  the  cornea;  (2)  an  intermediate 
cular,  pigmented,  and  partly  muscular  tunic,  the  tunica  vasculosa  oculi,  com- 
ing from  behind  forward  the  chorioid,  the  ciliary  body,  and  the  iris;  (3)  an 
3rual  nervous  tunic,  the  retina.  The  three  refracting  media  are  named, 
u  before  backwards,  the  aqueous  humour,  the  crystalline  lens,  and  the  vitreous 

y. 

SCLERA. 

The  sclera,  sclerotic  coat,  or  white  of  the  eye,  is  a  firm,  opaque  membrane,  which 
ms  something  like  the  posterior  five-sixths  of  the  outer  tunic.  Thickest 
iteriorly  (about  1  mm.),  it  thins  at  the  equator  to  0*4  mm.-0'5  mm.,  and  again 
reases  to  0*6  mm.  near  the  sulcus  scleras.  In  the  child  it  is  thinner  than  in  the 
lit,  and  presents  a  bluish  appearance,  caused  by  the  pigment  of  the  chorioid 
ning  through  it,  while  in  old  age  it  assumes  a  yellowish  tinge.  Its  outer  surface 
jovered  by  a  layer  of  endothelium  and  is  in  contact  with  the  capsule  of  Tenon — 
ymph  space,  the  suprascleral  l3rinpliatic  space,  only  intervening.  In  front  of  the 
lator  it  is  roughened  by  the  attachment  of  the  tendons  of  the  ocular  muscles, 
ile  its  anterior  part  is  covered  by  mucous  membrane,  the  conjunctiva.  Its  deep 
•face  presents  a  brownish  colour,  and  is  loosely  attached  to  the  chorioid,  except  at 
5  optic  entrance  and  in  the  neighbourhood  of  the  sulcus  sclerae.  It  is  pierced  behind 
the  optic  nerve,  the  entrance  for  which  is  funnel-shaped,  wide  behind  and  narrow 
front,  and  is  situated  1  mm.  below  and  3  mm.  to  the  nasal  side  of  the  posterior 
le  of  the  eyeball.  The  fibrous  sheath  of  the  nerve  blends  with  the  outer  part  of 
J  sclera,  while  the  nerve  bundles  pass  through  a  series  of  orifices ;  this  perforated 
rtion  is  named  the  lamina  cribrosa  sclerse.  Around  the  entrance  of  the  optic  nerve 
J  some  fifteen  or  twenty  small  apertures  for  the  passage  of  the  ciliary  nerves  and 
3rt  ciliary  arteries.  The  two  long  posterior  ciliary  arteries  pierce  it,  one  on 
her  side,  some  little  distance  from  the  optic  entrance ;  while  a  little  behind  the 
uator  are  four  openings,  two  above  and  two  below,  for  the  exit  of  veins,  called 
lUB  vorticosa.  Near  the  sulcus  sclerae  it  is  perforated  by  the  anterior  ciliary 
^ries.  Its  inner  surface  is  lined  by  flattened  endothelial  cells ;  and  between  it 
d  the  chorioid  is  an  extensive  lymph  space,  the  spatium  perichorioideale,  which 
traversed  by  the  ciliary  nerves  and  arteries  just  mentioned,  and  by  an  irregular 
«hwork  of  fine,  pigmented,  connective  tissue,  the  lamina  fusca,  which  loosely 
aches  the  sclera  to  the  chorioid.  At  the  corneo-scleral  junction  the  fibrous 
sue  of  the  sclera  passes  continuously  into  that  of  the  cornea,  and  in  the  di^eper 
't  of  this  junction  there  is  a  circular  canal,  the  sinus  venosus  sclene,  or  canal  of 
tlemm,  which  communicates  externally  with  the  scleral  veins,  and  internally, 
ough  numerous  small  openings,  with  the  anterior  chamber  of  the  eyeball. 
The  sclera  consists  of  bundles  of  white  fibrous  tissue,  together  with  some  fine 
4tic  fibres,  the  bundles  forming  e(iuatorial  and  meridional  layers,  which  inter- 
}  with  each  other.  Numerous  spaces  containing  connective  tissue  cells  and 
^ratory  cells  exist  between  the  fibres.  Pigmented  cells  are  plentiful  in  the 
lina  fusca,  and  a  few  are  also  found  in  the  tissue  of  the  sclera,  near  the  optic 
ranee  and  in  the  region  of  the  corneo-scleral  junction.  The  sclera  receives 
blood-supply  from  the  short  posterior  ciliary  and  anterior  ciliary  arteries,  while 
veins  open  into  the  venje  vorticosye  and  anterior  ciliary  veins.  The  cell  spaces 
y  the  part  of  lymphatics,  and  communicate  with  the  perichorioidal  and  siipra- 
jral  lymph  spaces.  Its  nerves  are  derived  from  the  ciliary  nerves,  which,  after 
ng  their  medullary  sheath,  pass  between  the  fibrous  bundles ;  their  exact  mode 
mding  is  not  accurately  known. 
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COENEA. 

The  cornea  forms  the  anterior  sixth  of  the  outer  tunic  and  is  tram 
order  to  admit  light  into  the  interior  of  the  eyeball ;  its  index  of  rei 
from  1-33  to  1-35.  Its  anterior  surface  (facies  anterior)  is  covered  by  6 
epithelium,  continuous  with  that  which  lines  the  conjunctiva  ;  its  poster 
(facies  posterior)  is  directed  towards  the  anterior  chamber  of  the  eyeball 
contact  with  the  aqueous  humour.  Its  degree  of  curvature  varies  ii 
individuals ;  it  is  always  greater  in  youth  than  in  old  age,  and  is,  as  a  ru! 
greater  in  the  vertical  than  in  the  horizontal  plane.  It  diminishes  ak 
centre  to  its  periphery,  and  is  less  on  the  nasal  than  on  the  temporal  i 
anterior  pole.     The  anterior  surface  of  the  cornea  is  almost,  but  not  quit- 

measuring    11    mm. 
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Fio.  559. — Vertical  Section  of  Cornea  (magnified). 
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covers  the  free  surface  of  the  conjunctiva  and  consists  of  six  or  ei| 
of  nucleated  cells.  Deepest  of  all  is  a  single  layer  of  perpendicularly 
columnar  cells,  the  flattened  and  often-expanded  bases  of  which  rest  on  tt 
elastic  lamina,  while  their  opposite  ends  are  rounded  and  contain  t 
Superficial  to  this  layer  are  three  or  four  strata  of  nucleated,  polygonal 
majority  of  which  exhibit  finger-like  processes  which  join  with  the  corr 
processes  of  neighbouring  cells.  The  more  superficial  layers  assume  th 
nucleated  squames.  The  entire  thickness  of  this  stratified  epithelium  is  a 
at  the  centre  and  about  80  fx  at  the  periphery  of  the  cornea. 

2.  The  anterior  elastic  lamina  (lamina  elastica  anterior,  Bowmani 
19-20  fJL  thick,  and  may  be  regarded  merely  as  a  differentiation  of  the  out 
the  substantia  propria  from  which  it  is  with  difficulty  separated.  It  is  b 
yellow  by  picrocarmine,  thus  differing  from  true  elastic  tissue,  and  its 
development  varies  in  different  animals. 

3.  The  substantia  propria  presents,  in  a  fresh  condition,  a  homogeneo 
ance ;  but,  with  the  assistance  of  reagents,  it  is  seen  to  consist  of  moc 
nective  tissue,  with  some  few  elastic  fibres.  An  amorphous  interstitial 
binds  the  fibres  into  bundles,  and,  in  turn,  cements  the  bundles  into  lame 
are  directly  continuous  with  the  fibrous  tissue  of  the  sclera.  The  fibi 
one  lamella  cross  those  of  adjacent  lamellae  almost  at  right  angles, 
superimposed  lamellae  are  joined  by  sutural  fibres  and  by  amorphous 
Between  the  lamellae  are  found  the  cell  spaces  or  lacun»  of  the  come 
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larly  stellate  in  shape,  and  communicating  freely  with  each  other  by  means  of  fine 
canaUculL  The  corneal  cells  or  corpuscles  are  contained  in  these  lacunar,  witliout, 
however,  completely  filling  them,  the  remainder  of  the  cavities  being  occupied  by 
lymph.  These  cells  are  nucleated,  flattened,  and  star-like,  and  their  branched  pro- 
cesses join  those  of  neighbouring  cells  in  the  canaliculi.  Migrator}'  or  lymph  cells 
are  also  found  in  cell  spaces. 

In  old  age  a  grayish  opaque  ring,  Ih  to  2  mm.  in  breadth,  is  frequently  seen  near  the  peri- 
phery uf  the  cornea  ;  it  is  termed  the  areas  senilis,  and  results  from  a  deposit  of  fat  granules  in 
the  lamellaj  and  corneal  corpuscles. 

4  The  posterior  elastic  lamina  (lamina  elastica  posterior,  Demoursi,  Descemeti) 
is  a  clear,  structureless  membrane,  covering  the  posterior  aspect  of  the  substantia 
propria  and  possessing  a  thickness  of  6-8  ft  at  the  centre  and  10-12  fi  at  the  peri- 
phery of  the  cornea.  Less  firmly  attached  than  the  anterior  elastic  lamina,  it  may 
be  stripped  off,  when  it  will  be  found  to  roll  up  with  its  attached  surface  inwards. 
Between  the  ages  of  twenty  and  thirty  small  wart-like  projections  appear  on  its  deep 
surface,  near  its  periphery,  and  these  increase  in  size  and  number  as  years  advance, 
80  that  in  old  age  the  membrane  may  attain  a  thickness  of  20  /x.  Towards  the 
periphery  of  the  cornea  the  lamina  divides  into  three  sets  of  fibres — anterior, 
middle,  and  posterior.  The  anterior  fibres  pass  behind  the  canal  of  Sclilemm  into 
the  sclera,  the  middle  give  attachment  to  the  ciliary  muscle,  while  tlie  posterior  are 
continued  as  radiating  and  anastomosing  fibres  into  the  substance  of  the  iris,  and 
constitute  the  ligamentum  pectinatmn  iridis.  A  number  of  irregular  spaces,  the 
QMces  of  Fontana,  or  s^mtia  anguli  iridis,  exist  between  the  fibres  of  this  pc»ctinate 
ligament.  Better  developed  in  the  horse  and  ox  than  in  man,  these  spaces  are 
lined  by  a  prolongation  of  the  corneal  endothelium,  and  communicate  internally 
with  the  anterior  chamber  and  the  lymph  spaces  of  the  iris,  and  externally  with 
the  canal  of  Schlemm. 

5.  The  layer  of  endothelium  (endothelium  camerse  anterioris)  consists  of  a  single 
stratum  of  nucleated,  flattened,  polygonal  cells,  which  present  a  fibrillar  structure 
and  are  continued  as  a  lining  to  the  spaces  of  Fontana  ;  this  layer  of  endothelium 
is  also  reflected  on  to  the  anterior  surface  of  the  iris. 

Vascular  and  Nervous  Supply  of  the  Cornea. — In  the  foDtus  the  coniea  is  traversed,  almost 
as  far  as  its  centre,  by  capillaries ;  but  in  the  adult  it  is  devoid  of  blood-vessels,  except  near  its 
uiargiiL  The  capillaries  of  the  conjunctiva  and  sclera  pass  into  this  marginal  area  for  a  distance 
of  about  1  mm.,  where  they  terminate  in  loops.  All  the  remainder  of  the  cornea  is  nourished  by 
the  Ivmph  which  circulates  in  its  cell  spaces  and  canaliculi. 

Tlie  nerves  of  the  cornea,  discovered  by  Schlemm,  an»  derived  from  the  ciliary  nerves. 
Aronnd  its  periphery  they  form  a  plexus,  the  plexus  annularis,  from  which  fibres  pass  into  the 
cornea,  where,  after  a  distance  of  1  or  2  mm.,  they  losc^  their  medullary  sheaths  and  ramify  in  the 
sulwtaatia  propria,  forming  what  is  termed  the  fundament'il  or  stroma  ])lexus.  Perforating  tibres 
(fibrae  m^rforantes)  extend  from  this  plexus  through  the  anterior  elastic  lamina  and  form  a  sub- 
tpitlielial  jdexus,  from  which  line  filaments  ramify  between  the  eph'^ielial  cells  as  far  as  the  suj)er- 
ficial  lavers.     From  the  an-  , 


^ular  and  stroma  plexuse.s 
fibrils  pass  to  the  substantia 
propria  and  come  into  close 
delation  with  the  corneal 
corpuscles. 
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VxVSCULAR     AND     PIG- 
MENTED TUNIC. 


The  middle,  vascular, 
and  pigmented  tunic 
Ctunica  \'asculosa  oculi) 
comprises,  from  behind 
forwards,  the  chorioid, 
the  ciliary  hody,  and  the 
iris  (Fig.  558). 

The  chorioid  (chorioidea)  intervenes  between  the  sclera  and  the  retina, 
as  Car  forwards  as  the  ora  serrata  of  the  latter  (p.  731).     Dark  brown  or 
colour,  it  is  pierced  posteriorly  by  the  optic  nerve,  and  is  here  ftxTcvVY 
50/^ 


Fig.  560.— Vertical  Section  op  Chorioid  and  Inner 
OF  Sclera. 
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to  the  sclera.  Thicker  behind  than  in  front,  its  outer  surface  is  flooculent  and 
is  connected  to  the  sclera  by  the  ciliary  vessels  and  nerves,  and  by  the  loose  kinina 
fusca.  Its  inner  surface  is  smooth  and  adheres  to  the  outermost  or  pigmented 
layer  of  the  retina. 

The  chorioid  consists  of  blood-vessels  and  branched  pigment  cells  embedded  in 
a  loose  connective  tissue,  and  presents  from  without  inwards  three  layers,  viz.: 
(a)j  the  lamina  suprachorioidea ;  (6)  the  proper  tissue  of  the  chorioid ;  and  (c)  a 
thin  transparent  membrane,  the  lamina  basalis  or  membrane  of  Bruch  (Fig.  560). 
1.  The  lamina  supra-chorioidea  resembles  the.  lamina  fusca  of  the  sclera,  and 
consists  of  a  series  of  fine  non- vascular  lamellae,  each  containing  a  delicate  networi^ 

of  elastic  fibres, 
amongst  which  are 
stellate,  pigmented 
cells,  together  with 
amoeboid  cells.  The 
spaces  between  the 
laminae  are  Uned  with 
endothelium,  and  to- 
gether form  the 
spatium  perichorio- 
ideale,  already  refened 
to  (p.  725). 

The  proper  tima  of 
the  chorioid  consists  of 
blood-vessels   and 
numerous    pigmented 
cells^  supported  hj 
connective  tissue  and 
elastic  fibres,  together 
with     some     smooth 
muscular   fibres.    ItB 
outer  part  contains  the 
larger    blood  -  veaseb, 
and    is     named    the 
lamina  yascnloM^  while 
its   inner    portion  ia 
composed  of  a  netwo^ 
of     fine      capillariaB, 
and    is    termed    tho 
lamina  choiiocapUIaiia; 
these  two  laminte  aie 
joined  by  a  thin  iatar- 
mediate  stratum.    The 
arteries  of  the  chari<nd 
are  derived  from  Uie 
short  posterior  ciliaiy 
vessels,  which  pieroe 
the  sclera  around  the 
optic  entrance  and  form  a  wide -meshed  plexus  in  the  lamina  vasculoaa.     Their 
circular  muscular  coat  is  well  developed,  and  longitudinal  muscular  fibres  are  also 
})re8ent  in  the  larger  branches.     The  veins,  destitute  of  muscular  tissue,  are  super- 
ficial to  the  arteries;   they  are  surrounded  by  peri -vascular  lymphatic   sheaths 
and   converge  to   form  whorls,  which   open   into  the   venae  vorticosfie.      In   the 
tissue  between  the  blood-vessels  are  numerous  stellate,  flattened,  and  pigmented 
cella 

The  lamina  chorio-capillaris,  or  membrane  of  Ruysch,  is  composed  essentially  of 
.small  capillaries,  which  fonn  an  exceedingly  close  network,  embedded  in  a  finely 
granular  or  almost  homogeneous  tissue.  The  intermediate  stratiim  between  the 
inalina  vajsculosa  and  lamina  chorio-capillaris  consists  of  a  network  of  delioate 
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Fig.  561.— Diagram  of  thb  Circulation  in  thb  Eye  (Leber). 
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)8tic  fibres  and  contains  almost  no  pigment  cells ;  it  is  lined  next  the  lamina 
torio-capillaris  by  a  continuous  layer  of  endothelium. 

The  lamina  basalis,  or  membrane  of  Bruch,  is  transparent  and  nearly  structure- 
's. Its  outer  surface  presents  a  trellis-like  network  of  fibres  which  unite  it  to 
le  membrane  of  Buysch,  while  its  inner  surface  is  smooth  and  is  in  contact  with 
le  pigmented  layer  of  the  retina. 

Tapetnm. — In  many  animals  a  brilliant  iridescent  appearance  is  seen  on  the  postero-external 
iTi  of  the  chorioid  to  which  the  name  tapetom  is  applied.  Absent  in  man,  it  ma\'  be  due,  as 
the  horse,  to  a  markedly  fibrous  condition  of  the  stratum  intermedium  (tapetum  nbrosum),  or 
in  the  seal,  to  the  presence  of  some  five  or  six  layers  of  flattened  iridescent  cells  lying  imme- 
ately  outside  the  lamina  chorio-capillaris  (tapetum  cellulosum). 

The  ciliary  body  (corpus  ciliare)  connects  the  chorioid  to  the  circumference  of 
16  iris  (Fig.  562),  and 
resents  the  following 
iree  zones,  viz. :  (a)  the 
rbiculus  ciliaris,  (b)  the 
iUary  processes,  and  (c) 
be  cUiary  muscle. 

The  orbicnltis  ciliaris 
)nii8  a  zone  of  about 

mm.  in  width  im- 
lediately  adjoining  the 
borioid,  and  exhibits 
umerous  radially- 
rranged  ridges. 

The  cilii^  ixrocesses 
processus  ciliares),  about 
Bventy  in  number,  form 
circle  of  radial  thicken- 
ttgs,  each  of  a  somewhat 
riangular  shape.  The 
•ase  of  the  triangle  is  di- 
ected  forwards  towards 
be  equator  of  the  lens, 
[hile  the  apex  is  con- 
inuous  behind  with  some 
iree  or  four  ridges  of  the 
•biculus  ciliaris.  They 
iry  in  size,  the  largest 
aving  a  length  of 
'5  mm.  The  structure  of 
le  orbiculus  ciliaris  and 
liary  processes  is  similar 
>  that  of  the  chorioid, 
it  the  capillaries  are 
rger  and  more  tortuous, 
id  there  is  no  lamina 
orio-capillaris.  The  deep  aspect  of  the  ciliary  processes  is  covered  by  two  strata 
columnar  epithelium,  the  anterior  layer  of  which  is  pigmented ;  these  two  strata 
rm  a  direct  continuation  forwards  of  the  retina  and  constitute  the  pars  ciliaris 
dn».  This  epithelium  is  invaginated  to  form  more  or  less  tubular  glands,  which 
ly  take  a  share  in  the  secretion  of  the  aqueous  humour. 

The  ciliary  muscle  (m.  ciliaris)  is  triangular  on  antero- posterior  section,  and 
Qsist-s  of  two  sets  of  fibres — radial  and  circular  (Fig.  562).  The  radial  fibres 
brae  meridionales,  Brlickei)  spring  from  the  corneo-scleral  junction  behind  the 
nal  of  Schlemm  and  from  the  ligamentum  pectinatum  iridis,  and  radiate  back- 
trds,  to  be  attfiched  to  the  ciliary  processes  and  orbiculus  ciliaris.  When  they 
Qtract  the  chorioid  is  drawn  forwards  and  the  lens  becomes  more  convex,  owing 
the  relaxation  of  its  suspensory  ligament  (see  p.  736).     The  circular  fibres  (^£bY«. 
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circulares,  Mtilleri)  form  a  triangular  zone  behind  the  ligamentum  pectinatum 
iridis,  claso  to  the  periphery  of  the  iris,  and  also  extend  backwards  under  the  radial 
fibres.  Considerable  individual  differences  are  found  as  to  the  degree  of  develoi»- 
ment  of  these  two  portions  of  the  ciliary  muscle.  The  radial  fibres  are  always  more 
numerous  than  the  circular  fibres,  the  latter  being  absent  or  rudimentary  in  myopic 
eyes,  but  well  developed,  as  a  rule,  in  hyi)ermetropic  eyes. 

The  iris  forms  a  contractile  diaphragm  in  front  of  the  lens,  and  is  pierced  a 
Uttle  to  the  nasal  side  of  its  centre  by  an  almost  circular  aperture,  the  papil 
(pupilla),  which,  during  life,  is  continually  varying  in  size  in  order  to  regulate 
the  amount  of  light  admitted  into  the  interior  of  the  globe.  It  divides  the  .space 
between  the  cornea  and  lens  into  two  parts,  which  are  filled  by  the  aqueous  humour, 
and  named  respectively  the  anterior  and  posterior  chambers  of  the  eyeball.  Its 
peripheral  border,  or  margo  ciliaris,  is  directly  continuous  with  the  ciliary  body,  and, 
through  the  medium  of  the  ligamentum  pectinatum  iridis,  with  the  posterior  elastic 
lamina  of  the  cornea.  Its  free  edge,  or  margo  papillaris,  forms  the  circumference  of 
the  pupil,  and  rests  uix)n,  but  is  not  attached  to  the  anterior  surface  of  the  capsule 
of  the  lens. 

The  distinctive  colour  of  the  eye,  in  diflfereut  individuals,  depends  on  the  arrangement 
of  the  pigment  in  the  iris ;  in  the  blue  eye  this  is  limited  to  the  posterior  surface  of  the 
iris,  but  in  the  brown  or  black  eye  it  is  also  scattered  throughout  its  stroma.     In  the  albiw 
the  pigment  is  entirely  absent,  and  the  red  api)earance  of  the  eye  in  such  a  case  is  pro-     i 
duced  by  the  network  of  blood-vessels  in  the  iris. 

The  pupil  is  closed,  during  the  greater  part  of  foetal  life,  by  a  thin  transparent 
vascular  membrane,  the  membrana  papillaris,  continuous  with  the  pupillary  margin  of 
the  iris.  Its  vessels,  derived  partly  from  the  vessels  of  the  iris  and  partly  from  those  of 
the  capsule  of  the  lens,  converge  towards  the  middle  of  the  membrane,  near  which  they 
form  l(^)ps  so  tis  to  leave  the  central  part  non-vuscular.  Al)Out  the  seventh  month  the 
vessels  begin  to  be  obliterated  from  the  centre  towards  the  circumference,  and  this  is 
followed  by  a  thinning  and  absorption  of  the  membrane,  which  becomes  perforated  by  the 
aperture  of  the  pupil.  This  perforation  gradually  enlarges,  and  at  birth  the  membrane 
has  entirely  disiippeared,  although  in  exceptional  cases  it  persists. 

On   the  anterior  surface  (facies  anterior)  of  the  iris  is  a  layer  of  flattened 

endothelium,    placed    on  a 
basement     membrane,    and 
continuous  with  that  which 
lines  the  spaces  of  Fontana 
and  covers  the  back  of  the 
cornea.  Depressionsor  crypts 
are  here  and  there  seen  in 
which  the  endothelium  and 
basement  membrane  are  ab- 
sent, and  are,  by  some,  re- 
garded as  stomata,  througb 
which  the  lymphatics  of  the 
iris   communicate  with  the 
cavity  of  the  anterior  cham- 
ber.     Its  i)08t€rior  surface 
(facies  posterior)  is  covered 
by  a  basement  membrane,  on 
which  are  placed  two  layers 
of  colunmar,  pigmented  epi- 
thelium, continuous  with  the 
pars     ciliaris     i-etime    and 
termed  the  pars  iridica  rettna. 
The  proper  tissue  of  the  iris, 
or  stroma  iridis,  consists  of 

delicate  connective  tissue  and  elastic  fibres,  with  pigmented  cells,  blood-\'e98el8, 

nerves,  and  non-strii>ed  muscle. 

The  blood-vessels  of  the  iris  (Fig.  563)  are  derived  from  the  long  and  anterior 
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ciliary  arteries.  The  long  ciliary  arteries,  two  in  number,  pierce  the  sclera  on  the 
inner  and  outer  side  of  the  optic  nerve  respectively,  and  extend  forwards  between 
the  sclera  and  chorioid  towards  the  ciliary  margin  of  the  iris.  Here  each  divides 
into  an  upper  and  a  lower  branch,  and  the  resulting  four  branches  anastomose  in 
the  form  of  a  circle,  termed  the  circnluB  arteriosus  major.  This  circle  is  joined  by  a 
varying  number  of  anterior  ciliary  arteries  derived  from  the  lachrymal  and 
muscular  branches  of  the  ophthalmic  artery,  and,  after  supplying  the  ciliary 
muscle,  sends  converging  branches  inwards  towards  the  aperture  of  the  pupil, 
around  which  a  second  circle,  the  eircnltis  arteriosus  minor,  is  formed.  The  veins 
proceed  towards  its  ciliary  margin,  and  communicate  with  the  veins  of  the  ciliary 
processes  and  with  the  canal  of  Schlemm.  The  convergence  of  the  blood-vessels 
towards  the  aperture  of  the  pupil  gives  to  the  anterior  surface  of  the  iris  a  striated 
appearance. 

The  non-striped  muscular  fibres  are  arranged  in  two  sets :  (a)  circular,  (b)  radial. 
The  circular  fibres  form  a  band  around  the  pupillary  aperture,  by  the  contraction  of 
which  its  size  is  lessened,  and  hence  it  is  termed  the  m.  sphincter  pupillsB.  The 
radial  fibres  extend  outwards  from  the  sphincter  to  the  ciliary  margin  and  constitute 
the  m.  dilatator  pupilla.  Many  anatomists  regard  the  radial  fibres,  in  man  and 
most  mammals,  as  being  elastic  and  not  muscular.  In  animals,  where  the  radial 
tibres  are  muscular,  the  degree  of  their  development  varies  considerably ;  they  are 
feebly  marked  in  the  rabbit,  but  well  developed  in  the  bird,  and  still  more  so  in  the 
otter. 

The  nerves  of  the  chorioid  and  iris  are  derived  from  the  long  and  short 
ciliary  nerves.  The  former,  two  or  three  in  number,  are  branches  of  the  nasal 
nerve;  the  latter,  varying  from  eight  to  fourteen,  are  derived  from  the  cUiary 
ganglion.  Piercing  the  sclera  around  the  optic  entrance  the  nerves  traverse  the 
perichorioidal  lymph  space,  where  they  form  a  plexus,  rich  in  nerve-cells,  from  which 
tilaments  are  supplied  to  the  blood-vessels  of  the  chorioid.  In  front  of  the  ciliary 
muscle  a  second  plexus,  also  rich  in  nerve-cells,  is  formed,  which  supplies  the  muscle 
itself,  and  sends  tilaments  into  the  iris  as  far  as  its  pupillary  margin,  for  the  supply 
of  its  muscular  fibres  and  blood-vessels.  The  sphincter  pupillae  is  supplied  by  the 
third  cranial  nerve,  whilst  filaments  from  the  sympathetic  are  distributed  to  the 
dilatator  pupillre. 

THE  RETINA. 

The  retina,  or  nervous  tunic  of  the  eyeball,  is  a  soft,  delicate  membrane,  in  which 
he  fibres  of  the  optic  nerve  are  spread  out.  It  consists  of  two  strata,  viz. :  (a)  an 
uter,  pigmented  layer  (stratum  pigmenti),  attaclied  to  the  chorioid ;  and  {h)  an 
liner  nervous  lamina,  the  retina  proper,  in  contact  with  the  hyaloid  membrane  of 
he  vitreous  body,  but  only  attached  to  it  at  the  optic  entrance  and  in  the  region 
•f  the  ciliary  processes.  Expanding  Irom  the  entrance  of  the  optic  nerve  the 
etina  appears  to  end,  a  short  distance  behind  the  cUiary  body,  in  a  wavy  border, 
he  ora  serrata.  Here  its  nervous  elements  cease  and  the  membrane  becomes 
uddenly  thinned,  but  a  delicate  continuation  of  it  is  prolonged  over  the  posterior 
spect  of  the  ciliary  body  and  iris.  This  continuation  consists  of  the  stratum  pig- 
lenti,  together  with  a  layer  of  columnar  epithelium,  and  constitutes  the  pars  ciliaris 
stinse  and  pars  iridica  retina  already  referred  to  (pp.  729  and  730).  The  portion 
ehind  the  ora  serrata  is  termed  the  "  physiological  retina,"  or  pars  optica  retin», 
ad  its  thickness  gradually  diminishes  from  0'4  mm.,  near  the  optic  entrance,  to 
1  mm.  at  the  ora  serratii.  Viewed  from  the  front  it  presents,  at  the  pasterior 
ole  of  the  eyeball,  and  therefore  directly  in  the  axis  of  the  globe,  a  small  yellowish 
X)t,  the  macula  lutea.  Somewhat  oval  in  sliape,  the  greatest  or  transverse 
iameter  of  the  macula  measures  from  2-3  mm. ;  its  central  part  is  depressed  and 
amed  the  fovea  centralis.  About  3  mm.  to  the  nasal  side  of  the  posterior  pole 
ttd  about  1  mm.  below  its  level  is  a  whitish,  circular  disc,  the  optic  disc,  or  poms 
[)ticus,  which  corresponds  with  the  entrance  of  the  optic  nerve  and  has  a  diameter 
f  about  1*5  mm.  The  circumference  of  the  optic  disc  is  slightly  raised  and  is 
amed  the  collicnlus  nervi  optici,  while  its  depressed  central  portion  is  termed  the 
;>tic  cup,  or  excavatio  papillae  nervi  optici.    The  optic  disc  consists  mat^l^  ol  \iLfeTN%- 
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fibres,  the  other  layers  of  the  retina  being  absent,  and  constitutes  the  "blind spot" 
of  physiologists. 

The  nervous  layer  of  the  retina  is  transparent  during  life,  but  becomes  opaque 
and  of  a  grayish  colour  soon  after  death.  If  an  animal  be  kept  in  the  dark  Wore 
the  removal  of  its  eyeball,  the  retina  presents  a  purple  tinge,  due  to  the  presence  of 
a  colouring  matter  named  rhodopsin  or  visual  purple,  which,  however,  becomes 
rapidly  bleached  on  exposure  to  sunlight.  This  colouring  matter  is  absent  from 
the  macula  lutea,  and  also  over  a  narrow  zone,  3-4  mm.  in  width,  near  the  era 
serrata. 

Structure  of  the  Retina  (Figs.  564,  565,  566).— The  nervous  elements  of  the 
retina  arc  supported  by  non-ner\'oii8  or  sostentacular  fibres,  and  are  arranged  in  scveu 
layers,  to  which  must  be  added  the  stratum  pigmenti. 

Our  conception  of  the  minute  structure  of  tho  retina,  as  of  all  nervous  tissues,  has  of 
late  years  been  greatly  advanced  by  the  discoveries  of  Ramon  y  Cajal,  on  whose  obsem- 
tions  the  foUowiug  description  is  based  (Fig.  565) : — 

The  layers  from  within  outwards,  i.e.  from  vitreous  body  to  chorioid,  are : 

1.  Layer  of  nerve-fibres  (stratum  opticum). 

2.  Layrir  of  nerve-cells  (ganglionic  layer). 

3.  Inner  molecular  or  inner  plexiform  layer. 

4.  Inner  nuclear  layer  or  layer  of  inner  granules. 

5.  Outer  molecular  or  outer  plexiform  layer. 

6.  Outer  nuclear  layer  or  layer  of  outer  granules. 

7.  Layer  of  rods  and  cones  (bacillary  layer). 

8.  Layer  of  pigmented  epithelium  (stratum  pigmenti). 
1.  Layer  of  nerve-fibres  or  stratum  opticum. — The  fibres  of  this  stratum  are 

nearly  all  centripetal,  and  are  mostly  continuations  of  the  non-medullated  axons  of  the 

cells  in  the  ganglionic  layer.  Some,  however,  are 
centrifugal  and  end  in  branched  clubbed  extremities 
in  the  inner  molecular  or  inner  nuclear  layers. 

2.  Ganglionicornerve-celllajrer.— Thecdk 
of  this  stratum  vary  in  size,  are  oval  or  pyrifonnin 
shape,  and  form  a  single  layer,  except  at  the  macula 
lutea,  where  several  strata  are  present.  Each  cell 
contains  a  large  nucleus,  and  gives  off,  from  itt 
inner  aspect,  an  axon  which  is  continued  as  a  fibre 
of  the  nerve-fibre  layer.  From  the  outer  surface 
of  each  cell  numerous  dendrites  arise,  which  form 
arborisations  in  the  inner  molecular  layer.  The  celb 
may  be  divided  into  unistratified,  multistratified,  and 
diftuse,  according  as  their  dendrites  ramify  in  one 
or  in  several  stnita  of  the  inner  molecular  layer,  or 
extend  throughout  nearly  its  whole  thickness. 

3.  Innermolecularorinnerplexiformlayer. 
— This  is  chiefly  constituted  by  the  interlacement  of 
the  dendritic  arborisations  of  the  cells  of  the  g^ 
gl ionic  layer  with  those  of  the  inner  nuclear  layer, 
and  has  been  divided  by  Ramon  y  Cajal  into  Ave 
strata.  It  sometimes  contains  horizontal  cells  or 
spongioblasts,  whoso  branched  processes  ramify  in  it 

4.  Inner  nuclear  layer  or  lajer  of  inner 
granules. — This  is  the  most  complicated  of  the 
retinal  strata,  and  consists  of  numerous  cells  which 
may  be  divided  into  three  groups,  viz. :  (a)  bipolar 
cells,  (h)  horizontal  cells,  and  (c)  spongioblA8t&, 
or  amacrine  cells. 

(a)  The  bipolar  cells,  by  far  the  most  numerous 
are  fusiform  and  nucleated,  and  each  gives  off  an  external  and  an  internal  process.  The 
internal  ])rocesses  terminate  in  flattened  tufts  at  different  levels  in  the  inner  molecular 
layer,  while  the  external  produce  an  abundant  ramification  in  the  external  sone  ol  the 
outer  molecular  layer.  These  bipolar  cells  are  divided  into  rod  bipolars,  cone  bipoluB, 
and  giant  bif)olars.  The  rod  bipolars  end  peripherally  in  vertical  arborisations  around  the 
buttOD-likc  ends  or  spherules  of  the  rod  fibres,  and,  centrally,  in  branched   extfemities 
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which  mostly  hecome  applied  to  the  cells  of  the  ganglionic  layer.      The  cone  bipolars 
end  peripherully  in  flattened  arborisations  in  the  outer  molecular  layer  in  contact  with 


Fio.  565. — Pbrpendicular  Sbotioms  of  Mammalian  Retina  (Cajal). 

-A.,  Layer  of  rods  and  cones  :  B,  Outer  nuclear  layer  ;  C,  Outer  molecular  layer  :  D,  luuer  nuclear  layer ;  E, 
Inner  molecular  layer  ;  F,  Ganglionic  layer ;  G,  Stratum  opticum  ;  r,  rods  ;  c,  cones,  r.g,  rod  granules  ; 
c.<7,  cone  granules  ;  r.6,  rod  bipolars  ;  c.6,  cone  bipolars  ;  cr^  contact  of  rod  bipolars  with  jthe 
spherules  of  the  rod  fibres  ;  cc,  contact  of  cone  bipolars  with  the  branches  of  the  cone  fibres ;  ar^ 
internal  arborisation  of  cone  bipolars  ;  a/,  internal  arborisation  of  rod  bipolars  ;  c.riy  centrifugal  nerve 
fibre ;  A,  horizontal  cells ;  «.«,  stratified  spongioblasts  ;  d.s^  diffuse  spongioblasts ;  s.g^  stratified 
ganglion  cell ;  M,  Sustentacular  fibre  of  Miiller. 

the  ramifications  of  the  foot-plates  of  the  cone  fibres,  and,  centrally,  ramify  in  some  one  of 
the  five  strata  of  the  inner  molecular  layer.  The  giant  bipolars  form,  peripherally,  an 
extensive  horizontally  arranged  arborisation  in  the  outer  mole- 
cular layer ;  centrally,  they  ramify  in  one  or  other  of  the  strata 
of  the  inner  molecular  layer. 

(6)  The  horizontal  cells  are  of  two  varieties :  (1)  small, 
flattened,  star-like  cells,  lying  immediately  below  the  outer 
molecular  layer,  and  sending  a  tuft  of  dendrites  outwards 
towards  the  bases  of  the  cone  fibres,  while  their  axons  are 
directed  horizontally  for  a  variable  distance ;  (2)  large,  irregular 
cells,  lying  internal  to  the  above  and  ending  in  finger-like 
ramifications  in  the  outer  molecular  layer.  Their  axons  run 
horizontjilly  for  some  distince,  and  end  in  extensive  varicose 
arborisations  under  the  spherules  of  the  rod  fibres. 

(c)  The  spongioblasts  arc  situated  in  the  innermost  part 
of  tiie  inner  granular  layer  and  have  not  yet  been  shown  to 
possess  axons.  Their  dendrites  ramify  in  the  inner  molecular 
layer,  it  may  be  in  one  stnitum  (stratified  spongioblasts)  or 
in  several  strata  (diffuse  spongioblasts). 

5.  Outer  molecular  or  outer  plexiform  layer.— 
This  is  constituted  by  the  interlacement  of  the  dendrites  of 
the  bipolar  and  horizontal  cells,  just  described,  with  the 
spherules  of  the  rod  fibres  and  the  ramifications  of  the  foot- 
plates of  the  cone  fibres.  It  is  divided  into  two  strata :  (a) 
external,  indicating  the  contact  of  the  rod  bipolars  with  the 
spherules  of  the  rod  fibres ;  (6)  internal^  the  line  of  contact 
■l)etween  the  cone  bipolars  and  the  branches  of  the  cone  fibres. 

6.  Outer  nuclear  layer  or  layer  of  outer  granules  — 
This  is  made  up  of  clear  granules  somewhat  resembling  tliose 
of  the  inner  nuclear  layer,  and  arc  divisible  into  two  kinds  :  {a) 
cone  granules,  (fj)  rod  granules.     The  cone  granules  are  the  Fio.  ISQQ, 
larger,  and  each  contains  an  oval  nucleus  ;  they  lie  immediately   A,  A  cone  an<l  two  ro«ls  from  the 
inside  the  outer  limiting  membrane,  through  which  they  are        human  retina  (raodified  from 
continuous  with  the  cones  of  the  next  layer,      P^ach  is  prolonged        ^"^  Schultze) ;    B    Outer 

„  .      •    1  ^  «.i_  1  •   I  i_-       ^i        \.  1  P*^rt  of   rod  separated  into 

mtemally  as  a  straight  fibre,  which,  on  reaching  tlic  outer  mole-        5i»cs. 

cular  layer,  expands  to  form  a  foot-plate,  from  which  several 

horizontal   fibrils   are   given  off;     The   rod  granules  are  far  more   numerous  than  the 

cone   granules,  and  each  contains  a  small  oval  nucleus,  which  is  transversely  «»ttva.\ft,d. 
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Fio.  568. — Section  through  outb   / 
Layers  op  Retina  (aemi-ditgram- 
niatic). 


Their  outer  processes  are  continuous,  through  the  outer  limiting  membrane,  with  the 
rods  of  the  next  layer,  while  their  inner  processes  pass  into  the  outer  molecular  layer 
and  end  in  free,  unbranched  spherules  amongst  the  arborisations  of  the  rod  bipolars. 

7.  Layer  of  rods  and  cones. — This  consists  of  two  sets  of  structures,  viz.  rodi 
and  cones.  Except  at  the  macula  lutea  the  rods  are  far  more  numerous  than  the  coDes 
and  assume  the  form  of  elongated  cylinders,  while  the  cones  are  shorter  than  the  rod* 
and  taper  externally  to  fine  points.     Each  rod  and  cone  consists  of  two  segments — inner 

and  outer.  The  inner  segment  of  the  rod  only  slightly  exceeds  in 
diameter  its  outer  segment,  whereas 
the  inner  segment  of  the  cone  greatly 
exceeds  its  outer  part.  The  inner 
segments  of  both  rods  and  cones  have 
an  affinity  for  staining  reagents,  and 
consist  of  a  basal  homogeneous  portion 
and  an  outer  longitudinally  striated 
,^^  part,  the  proportion  of  the  latter  to 

I^B^^J^     the  former  being  greater  in  the  cones 
^^  than  in    the  rods.      The   outer   seg- 

ments have  not  the  same  affinity  for 
'"k.^L;i.Tor^l  -agents,  but  tend   to   break   trans- 
MAN  Retina  (viewed   versely  mto  numerous  discs  (Fig.  566, 
from  the  surface).         B).     The  colouring  matter,  rhodopsin, 
already  referred  to,  is  found  only  in 
the  outer   segments  of   the   rods,  the   terminal    parts  of 
which  extend  into  the  layer  of  pigmented  epithelium. 

8.  Layer  of  pigmented  epithelium  (stratum  pigmenti). — This  consists  of  a  single 
stratum  of  cells  which,  on  surface  view,  are  hexagonal  (Fig.  567),  their  outer  flattened 
surfaces  being  firmly  attached  to  the  chorioid.     When  seen  in  profile  the  outer  part  of     i 
each  cell  contains  a  large  oval  nucleus  and  is  devoid  of  pigment,  while  the  inner  portion     i 
is  filled  with  pigment  and  extends  as  a  series  of  thread-like  processes  amongst  the  outer     I 
segments  of  the  rods  and  cones.      When  the  eye  is  kept  in  the  dark   the  pigment 
accumulates  near  the  outer  part  of  the  cell,  but  when  exposed  to  light  it  streams  in 
between  the  rods  and  cones  (Fig.  568). 

It  will  be  seen  from  the  foregoing  description  that  there  is  no  direct  continuity 
between  the  nervous  elements  which  form  the  different  layers  of  the  retina.  In  the  inner 
molecular  layer  there  is  merely  an  interlacement  between  the  dendrites  of  the  ganglionic 
layer  and  the  arlx)risation8  of  the  cells  of  the  inner  granular  layer,  and  a  similar  inter- 
lacement in  the  outer  molecular  layer  between  the  rod  and  cone  elements  and  the 
processes  of  the  outer  granules. 

Sustentacular  fibres  of  the  retina  (fibne  Mulleri).— These  support  the  uenm 
structures  and  extend  from  within  outwards  through  the  thickness  of  the  retina  as  far  as 
the  bases  of  the  rods  and  cones  (Fig.  565,  M).  They  begin  at  the  inner  surface  of  the 
nerve-fibre  layer  in  single  or  forked  expanded  bases,  by  the  apposition  of  which  a  delicate 
membrane,  the  membrana  limitans  interna,  is  formed.  In  the  ganglionic  layer  they  give 
ofl*  a  few  lateral  branches,  and,  on  passing  through  the  inner  nuclear  layer,  supply  latenl 
ramifications  amongst  the  inner  granules  for  their  support;  in  this  part  of  each  fibre 
there  is  seen  an  oval  nucleus.  In  the  outer  nuclear  layer  they  break  up  into  a  network 
of  fibrils  which  surround  the  rod  and  cone  fibres,  and  end  externally  at  the  bases  of  the 
rods  and  cones  in  a  delicate  membrane,  the  membrana  limitans  externa. 

Structure  of  the  macula  lutea  and  fovea  centralis.— The  yellow  colour 
of  the  macula  is  due  to  the  presence  of  pigment  in  the  inner  layers  of  the  retina.  At  the 
circumference  of  the  macula  the  nerve-fibre  layer  is  greatly  thinned  and  the  rods  are  few 
in  number:  the  ganglionic  layer,  on  the  other  hand,  is  thickened  and  may  contUD 
from  seven  to  nine  strata  of  cells,  while  the  outer  granular  layer  is  also  thicker  and  its 
bipolar  cells  have  an  oblique  direction.  At  the  fovea  centralis  the  retina  is  much  thinned, 
since  here  its  nerve-fibre  and  ganglionic  layers  are  absent  and  its  other  strata  greatly 
attenuated.  The  stratum  pigmenti,  on  the  other  hand,  is  thicker  and  its  pigmentation 
more  pronounced.  The  cone  nuclei  are  situated  some  distance  internal  to  the  cater 
limiting  membrane,  and  thus  the  thin  inner  and  outer  granular  layers  are  in  apposition. 
There  are  no  rods,  and  the  cones,  closely  crowded  together,  are  narrower  and  their 
outer  segments  more  elongated  than  elsewhere,  so  that  the  line  of  their  bases,  indicated 
by  the  membrana  limitans  externa,  presents  a  convexity  directed  forwards.  The  foTea 
centralis  and  macula  lutea  are  spoken  of  by  the  physiologist  as  the  "region  of  distinct  viuoQ." 
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Structure  of  the  Ofa  serrata. — Here  the  nervous  layers  of  the  retina  suddenly 
cease ;  the  layer  of  rods  and  cones  first  failing,  to  be  immediately  followed  by  the  disappear- 
Mce  of  the  other  nervous  strata.  In  front  of  the  ora  serrata  the  retina  is  prolonged  over  the 
ciliary  processes  m  the  form  of  two  layers  of  cells :  (a)  an  inner  layer  of  columnar  epithelium, 
and  (6)  an  outer,  consisting  of  the  stratum  pigmenti,  the  two  forming  the  pars  ciliaris 
retinse.  The  same  two  layers  are  prolonged  over  the  back  of  the  iris,  where  both  are 
pigmented  and  form  the  pars  iridica  retinte. 

Vessels  of  the  retina  (Fig.  569).— The  retina  is  supplied  by  the  arteria  centraUs 
retilUB,  a  branch  of  the  ophthalmic  artery,  which  pierces  the  sheath  of  the  optic  nerve  about 
three^uarters  of  an  inch  behind  the  eyeball,  and  makes  its  appearance  in  the  centre  of  the 
optic  disc.  Here  it  divides  into  an  upper  and  a  lower  branch,  and  each  of  these  again  bifur- 
cates into  an  internal  or  nasal,  and  an  external  or  temporal,  branch.  The  resulting  four 
branches  ramify  towards  the  periphery  of  the  retina,  and  are  named  the  superior  and 
inferior  temporal  and  the  superior  and  inferior  nasal  arteries.  The  temporal  arteries 
pass  outwards  above  and  below  the  macula  lutea,  to  which  they  give  small  branches ; 


? 

1 


Upper  temporal  branch 


,^..    ^-       x^  .     ™^      >^  ^  ,_  Upper  and  lower  macular 

I  Optic  disc  f—^..       \-^      )^>''^"'^  *rteries 

}  k-p-ii.,^Jc^J(fc  ^  ^- Macula  lut«a 

;  Lower  nasal  branch  "\~>-^-''^4  ^"^'^''^^^tf '^"'"^^ /- T^wer  temporal  branch 


Fig.  569. — Blood-vesseub  of  the  Retina. 

these  do  not,  however,  extend  as  far  as  the  fovea  centmlis,  which  is  devoid  of  blood-vessels. 

The  macula  also  receives  two  small  arteries  (superior  and  inferior  macular)  directly  from 

the  poms  opticus.     The  larger  vessels  run  in  the  nerve-fibre  layer  near  the  membrana 

'iniitans  interna  and  form  two  capillary  networks — an  inner,  in  the  nerve-fibre  layer,  and 

^n  outer,  in  the  inner  nuclear  layer.     The  inner  network  arises  directly  from  the  arteries 

^nd  sends  numerous  small  branches  to  the  outer  network,  from  which   the  veins  take 

^^rigiu.     The  vessels  do  not  penetrate  deeper  than  the  inner  gmnular  layer,  nor  do  the 

Arteries  anastomose  except  through  the  capillary  plexuses.     The  veins  follow  the  course  of 

the  arteries  ;  they  have  no  muscular  coats,  but  consist  merely  of  a  layer  of  endothelial  cells, 

Dutside  which  is  a  perivascular  lymphatic  sheath,  surrounded  by  delicate  retifonn  tissue. 

EEFRACTING  MEDIA  OF  THE  EYEBALL. 

The  vitreous  body  (corpus  vitreum)  is  a  transparent,  jelly-like  ftubstance  situated 
U*tween  the  crystalline  lens  and  the  retina,  and  occupy iu»^  the  posterior  four- fifths 
of  the  glol)e  (Fig.  558).  In  front  it  presents  a  deep  concavity,  the  fossa  patellaris,  i'or 
the  reception  of  the  posterior  convexity  of  the  lens.  It  is  enclosed  within  a  thin 
transpiireut  membrane,  the  membrana  hyaloidea,  which  is  in  conUict  with  the 
membrana  limitans  interna  of  the  retina  and  adherent  to  it  at  the  oi)tic  entrance. 
The  i)ortion  of  the  membrana  hyaloidea  in  front  of  the  ora  serrata  is  thickened 
and  strengthened  by  radial  fibres,  and  is  termed  the  zonule  of  Zinn,  or  zonula  ciliaris. 
Situated  behind  the  ciliary  body  the  zonula  is  radially  fold<id  and  i>resents  a  series 
of  alternating  furrows  and  elevations.  The  ciliary  ])rocesses  are  received  into,  and 
are  firmly  adlierent  to,  the  furrows,  with  the  result  that,  if  removed,  some  of  theii* 
pigment  remains  attached  to  the  zonula.  The  elevations  of  the  zonula  are  not 
attached  to  the  interciliary  depressions,  but  are  separated  by  a  series  of  lymj)h 
8i>ace8  (receasus  camerie  posterioris) ;  these  may  Ix;  regarded  as  diverticula  of  the 
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Fig.  570. —Canal  ok  I»etit  distkndkd 
AND  VIEWED  KiiOM  THE  FiioNT  (eularged). 


posterior  chamber  with  which  they  communicate.  As  the  zonula  approaches  the 
equator  of  the  lens  it  splits  into  two  chief  layers,  viz. :  (a)  a  thin  posterior  kmina. 
which  covers  that  portion  of  the  membrana  hyaloidea  which  lines  the  fossa  pateUaris; 
and  (b)  a  thicker  anterior  layer,  termed  the  suspensory  ligament  of  the  lens  (Fig. 
558),  which  blends  with  the  front  of  the  lens  capsule  a  short  distance  from  its 
equator.  Scattered  fibres  of  this  ligament  are  also  attached  to  the  equator  itaelf 
and  to  the  regions  immediately  anterior  and  posterior  to  it.  By  this  suspensoiy 
ligament  the  lens  is  retained  in  position,  and  its  convexity  varies  inversely  with 
the  degree  of  tension  of  the  ligament.  The  radial  fibres  of  the  ciliary  muscle,  by 
pulling  forward  the  ciliary  processes  and  the  attached  zonule  of  Zinn,  relax  the 
ligament,  and  thus  allow  the  lens  to  become  more  convex.  Behind  the  suspensoiy 
ligament  a  sacculated  lymph  space  surrounds  the  equator  of  the  lens ;  it  is  named 
the  canal  of  Petit,  and  may  easily  be  inflated  on  introducing  a  fine  blow-pipe 
through  tlie  suspensory  ligament  (Fig.  570).     In  the  foetus  a  blood-vessel,  termed 

the  arteria  hyaloidea,  is  continued  from  the  arteria 
centralis  retinae  forwards  through  the  vitreous 
body  for  the  supply  of  the  capsule  of  the  leni 
Its  position,  in  the  adult,  is  represented  by  a  lymph 
channel,  termed  ttie  canalis  hyaloideiui  of  Stilling 
(Fig.  558),  the  presence  of  which  may  be  d^ 
monstrated  by  shaking  up  the  vitreous  body  in  a 
solution  of  picrocarmine,  when  some  of  the  pig- 
ment may  be  seen  to  extend  along  the  canal 
(Anderson  Stuart). 

When  the  vitreous  body  is  treated  by  a  weak 
solution  of  chromic  acid  it  presents  a  series  of 
concentric,  peripherally  arranged  stria,  toge&er 
with  numerous  radial  striae  converging  towiids 
its  centre.  Between  these  the  more  fluid  part  lies,  and  it  frequently  contains 
vacuolated  amcbboid  cells  scattered  through  it.  The  vitreous  body  consists  of  98*4 
per  cent  of  water,  having  in  solution  about  1*4  j^r  cent  of  sodium  chloride  and 
traces  of  extractives  and  albumen. 

The  crystalline  lens  (lens  crystallina)  lies  in  front  of  the  vitreous  body  and 
behintl  the  iris,  and  is  a  biconvex,  transparent  body  (Fig.  558).  It  is  enclosed  in 
a  thin,  transparent,  homogeneous  capsule,  the  capsule  of  the  lens  (capsula  lentifl). 
The  central  points  of  its  anterior  and  posterior  surfaces  are  termed  respectivelj  its 
anterior  and  posterior  poles,  a  line  joining  which  is  known  as  its  axis  (axis  lentis]: 
its  peripheral  circumference  is  named  the  equator  ({equator  lentis).  Its  axial 
laeasureuient  is  4  mm.,  and  its  transverse 
diameter  trom  9- 1 0  mm.  Its  anterior  surface 
(fiicies  anterior  lentis)  is  less  curved  than 
the  [)osteri()r,  and  its  central  part  corresponds 
with  the  aperture  of  tlie  pupil  and  is  directed 
towards  the  anterior  chamber.  Around  the 
aperture  of  the  pupil  the  pupillary  margin 
of  the  iris  rests  upon  the  lens,  but  its  peri- 
pheral part  is  separated  from  it  by  the 
aqueous  humour  of  the  posterior  chamber. 
Its  posterior  surface  (facies  posterior  lentis), 
more  convex  than  the  anterior,  occupies  the 

fossa  patellarifl  of  the  vitreous  body.  The  Fiu.  57 1.— Lens  hardened  in  Forvalin  aso 
relations  of  its  equator  to  the  suspensory 
ligament  and  the  canal  of  Petit  have  already 
been  referred  to.  The  superficial  jmrt  of  the  lens  possesses  a  refractive  index  of 
about  14,  and  its  central  part  or  nucleus  one  of  alwut  1'45.  The  curvatures  of 
its  surfcxces,  especially  that  of  the  anterior,  are  constantly  varying  during  life  for 
the  purpose  of  focusing  rays  from  near  or  distant  objects  on  the  retina. 

The  lens  substamie  (substantia  lentis)  consists  of  a  soft  outer  part,  the  substaiitta 
corticalis,  easily  crushed  between  the  finger  and  thumb,  and  of  a  dense  central  part, 
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Fig.  572. 


-Diagram MATio  Repuksentation  of  the  Radii 
Lbntis  of  the  Fcetal  Lens. 

A,  Seen  from  the  front ;  B,  From  behind. 


dens  lentiB.  Faint  lines  (radii  lentis)  radiate  from  its  anterior  and  posterior 
owards  its  equator.  In  the  fcetus  they  are  three  in  number,  and  form  with 
•ther  angles  of  120°  (Fig.  572).  From  the  anterior  pole  one  ray  ascends 
lUy  and  the  other  two  diverge  downwards,  while  from  the  posterior  pole  one 
ascends  vertically  and  the 
two  diverge  upwards.  In 
alt  the  rays  may  be  increased 
or  more.  They  represent 
je  edges  of  a  corresponding 
)T  of  septa  which  dip  into 
ibstance  of  the  lens,  and 
which  the  extremities  of  the 
nt  groups  of  lens  fibres  come 
contact,  and  are  attached 
ilear,  amorphous  substance, 
ns,  when  hardened,  exhibits 
iS  of  concentrically  arranged 
e  (Fig.  571),  superimposed  like  the  coats  of  an  onion  and  attached  to  each 
by  a  clear,  amorphous  substance.  Each  lamina  is  split  along  the  radiating 
and  consists  of  a  series  of  hexagonal,  riband-like  fibres,  the  fibrce  lentis, 
are  adherent  to  each  other  by  their  margins ;  those  of  the  deeper  laminae 
are  smaller  and  serrated,  but  non-nucleated ;  while  those  of 
the  superficial  coats  are  larger  and  nucleated,  but  non-serrated. 
Tlie  fibres  extend  in  a  curved  manner  from  the  rays  on 
the  anterior  surface  to  the  rays  on  the  posterior  surface,  but 
no  fibre  extends  from  pole  to  pole.  Fibres  which  start  at  or 
near  one  pole  end  at  or  near  the  equator  on  the  opposite 
surface,  and  vice  versa,  while  the  intervening  fibres  take  up 
intermediate  positions.  Between  the  substantia  lentis  and  the 
anterior  part  of  the  capsule  there  is  a  layer  of  nucleated 
columnar  epithelial  cells,  the  epithelium  lentis.  On  being 
traced  towards  the  equator  its  cells  become  gradually  elongated 
and  transformed  into  lens  fibres,  which,  when  fully  formed, 
lose  all  trace  of  their  nuclei,  except  in  the  more  superficial 
laminae.  Each  lens  fibre  represents,  therefore,  a  greatly 
elongated  columnar  cell  (Fig.  573). 

In  the  foetus  the  lens  is  soft,  of  a  pinkish  colour,  and  nearly 
spherical ;  while  in  old  age  it  becomes  more  flattened  than  in 
the  adult,  and,  losing  its  transparency,  assumes  a  yellowish 
tint. 

Chambers  of  the  Eye  and  Aqueous  Humour  (Fig.  558>— 
As  already  stated  (p.  730),  the  space  between  the  cornea  and 
the  lens  is  divided  by  the  iris  into  two  unequal  parts,  viz.  the 
anterior  chamber  in  front  and  the  posterior  cliamber  behind. 
These  are  filled  by  the  aqueous  humour,  and,  in  the  adult, 
communicate  freely  through  the  aperture  of  the  pupil,  })ut  in 
the  fcetus  are  separated  from  each  other  by  the  pupillary 
membrane.  The  anterior  chamber  (camera  oculi  anterior)  is 
bounded  in  front  by  the  cornea,  behind  by  the  iris  and  lens, 
whilst  peripherally  it  communicates  with  the  spaces  of  Fontana. 
r  through  the  The  posterior  chajnber  (camera  oculi  posterior)  is  triangular 
tor  of  the  Lens.  ^^  section,  and  is  bounded  in  front  by  the  iris,  ])ehind  by 
5  the  grjuiuai  tran-  the  circumferential  part  of  the  lens  and  its  suspensory  hga- 
leis^^fiw^  Ufter  ^^^^^  5  ^/hc  basc  of  the  triangle,  situated  externally,  corresponds 
chin).  with  the  thick,  anterior  extremities  of  the  ciliary  processes.  ^  It 

communicates  with  the  recessus  camerae  posterior  and  canal 
bit.     The  aqueous  humour  has  a  refractive  index  of  about  1*336,  and  consists 
»ut  98  per  cent  of  water,  with  1*4  per  cent  of  sodium  chloride  and  traces  of 
len. 
51 
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EYELIDS. 

The  eyelids  or  palpebrse  are  two  movable  cutaneous  curtains  situated  ii 
of  the  eyeball,  and  named,  from  their  position,  upper  and  lower.  The  upper 
larger  and  more  movable,  being  provided  with  a  special  elevator  muscle, 
levator  palpebrae  superioris.  The  interval  between  the  lids  is  termed  the  pt 
fissure  (rinia  palpebrarum),  and  mefisures  transversely  about  30  nun-,  but 
considerably  in  different  individuals  and  in  different  racea  When  the  eye  ; 
the  fissure  is  elliptical  in  shape,  but  when  closed  it  assumes  the  form  of  a  trai 
slit,  which  lies  on  a  level  with  the  lower  margin  of  the  cornea.  The  two  lid 
at  the  extremities  of  the  fissure,  and  form  the  outer  and  inner  angles,  or 
Their  free  margins  are  flattened  and  are  surmounted  by  eyelashes  from  the  e: 


Tendon  of  levator  pi 
superiorU 


Coi\}unc3ti'?a 


Meibomian  gland  in  iMjhn] 

plSLUt 


Muscle  of  Riolar 


Skiu 


OrbiculariA  palpebm 


Fig.  574. — Vertical  Sbction  through  Uppbb  Etrud. 


cauthus  to  a  point  about  5  mm.  from  the  inner  canthus — a  point  indicate 
small  papilla,  the  papilla  lacrimalis.  Internal  to  this  papiUa  the  margi 
rounded  and  destitute  of  eyelashes,  and  form  the  upper  and  lower  boui 
of  a  triangular  space,  termed  the  lacus  lacrimalis,  which  is  occupied  by  a 
pale-red  body,  the  caruncula  lacrimalis.  This  caruncula  consists  of  a  i 
island  of  modified  skin,  and  contains  sweat  glands,  sebaceous  glands,  and  fine 
Posteriorly  the  lids  are  lined  by  a  mucous  membrane,  the  conjunctiva,  and 
contact  with  the  eyeball,  except  near  the  inner  canthus,  where,  between  the  i 
and  the  caruncula  lacrimalis,  there  intervenes  a  vertical  ifold  of  conjunctiva,  th 
semilunaris  conjunctivse.  This,  which  in  many  animals  contains  a  plate  of  cai 
is  the  representative  of  the  membrana  nictitans,  or  third  eyelid  of  birds,  etc. 
In  each  lid  there  exists  a  framework  of  condensed  fibrous  tissue,  whict 
consistence  and  shape  to  the  lid,  and  is  termed  the  tarsal  plate  or  tanros.  Ii 
of  the   tarsus  are   the   fibres  of  the  orbicularis  palpebrarum  musde  ai 
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itegument,  while  embedded  in  its  posterior  surface,  and  covered  hj  the  conjunctiva, 
re  numerous  modified  sebaceous  glands  named  the  tarsal  or  Meibomian  glands. 
iJhe  superior  tarsal  plate  (tarsus  superior)  is  larger  than  the  inferior  and  of  a  half 
)Yal  shape,  with  its  greatest  vertical  diameter  measuring  about  10  or  11  mm.  Its 
ipper  margin  is  thin  and  convex,  and  is  continuous  with  the  tendon  of  the  levator 
palpebrse  superioris  muscle,  while  its  lower  edge  is  thick  and  straight.  The  inferior 
lareal  plate  (tarsus  inferior)  is  a  thin,  narrow  strip,  with  a  nearly  uniform  vertical 
liameter  of  about  5  mm.  The  extremities  of  the  two  plates  are  continuous 
^th  the  external  and  internal  tarsal  ligaments.  The  external  tarsal  ligament  is  a 
oarrow  band  attached  to  the  malar  bone ;  it  divides,  at  the  outer  canthus,  into 
upper  and  lower  pieces  which  are  fixed  to  the  margins  of  the  respective  tarsal 
plates.  The  internal  tarsal  ligament  is  a  strong  band  attached  to  the  nasal  process 
of  the  superior  maxillary  bone  directly  in  front  of  the  lachrymal  groove ;  it  divides 
at  the  inner  canthus  into  two  slips,  one  for  either  tarsal  plate. 

The  eyelids  are  further  strengthened  by  membranous  expansions,  termed  the 
snperior  and  inferior  palpebral  ligaments,  which  extend  into  them  from  the  margin 
3f  the  orbit.  The  superior  ligament  is  continuous,  along  the  upper  margin  of  the 
3rbit,  with  the  pericranium  and  with  the  periosteal  lining  of  the  orbit,  and  blends 
below  with  the  tendon  of  the  levator  palpebrse  superioris.  The  inferior  ligament  is 
3rolonged  from  the  under  edge  of  the  inferior  tarsal  plate  to  the  lower  margin  of 
;he  orbit,  where  it  is  continuous  with  the  periosteum  of  the  face  and  orbital  floor. 
Externally  the  two  palpebral  ligaments  fuse  to  form  the  external  tarsal  ligament, 
^hiie  internally  they  become  thinned,  and,  separating  from  the  internal  tarsal 
igament,  are  attached  to  the  lachrymal  bone  behind  the  lachrymal  sac.  These  two 
)alpebral  ligaments  form  a  kind  of  septum  or  diaphragm,  the  septnm  orbitale, 
>etween  the  superficial  and  deep  structures  of  the  eyelids;  this  septum  is  perforated 
)y  the  vessels  and  nerves,  which  extend  from  the  orbital  cavity  to  the  face  or 
calp. 

Tlie  skin  covering  the  lids  is  thin  and  delicate,  and  is  continuous,  at  their  margins, 
vith  their  conjunctival  lining.  It  contains  numerous  small  sweat  glands  and  fine 
lairs,  the  latter  being  provided  with  sebaceous  follicles.  Branched  pigment  cells 
ire  present  in  the  cutis,  and  pigment  also  exists  in  the  deep  layers  of  the  epidermis. 
The  subcutaneous  tissue  is  loose  and  devoid  of  fat,  and  in  it  are  found  the  fibres  of 
•he  orbicularis  palpebrarum  muscle — a  small  separate  bundle  of  which,  termed  the 
nuscle  of  Biolan,  occupies  the  margin  of  the  lids  behind  the  eyelashes.  The 
ifieibomian  glands,  or  glandulse  tarsales,  are  elongated  sebaceous  glands  with 
Himerous  lateral  offshoots  ;  they  are  embedded  in  the  tarsal  plates  and  filled  with 
'ubical  epithehum.  There  are  from  twenty-five  to  thirty  in  the  upper  lid,  and  from 
wenty  to  twenty-five  in  the  lower;  they  open  by  small  ducts,  about  1  mm.  in 
ength,  along  the  lid  margins  behind  the  eyelashes ;  the  ducts  are  lined  by  stratified 
pithelium  placed  on  a  basement  membrane.  Between  the  eyelashes  and  the 
luscie  of  Riolan  are  two  or  three  rows  of  modified  sweat  glands,  termed  the  glands 
f  Moll ;  the  blocking  of  a  duct  of  one  of  these  glands  frequently  gives  rise  to  a  stye. 

H.  ]V[iiller  described  a  layer  of  non-striped  muscle  in  each  lid  :  in  the  upper  extending  from 
b(-  tendon  of  the  levator  palpebrse  superioris  to  the  upper  tarsal  plate,  and  in  the  lower 
oimecting  tlie  inferior  tarsal  plate  with  tne  inferior  oblique  muscle. 

The  tendon  of  the  levator  palpebrae  superioris  divides  into  three  parts — an 
nterior,  passing  between  the  bundles  of  the  orbicularis  to  the  deep  surface  of  the 
dn ;  a  middle,  attached  to  the  superior  tarsal  plate ;  and  a  posterior,  to  the  fornix 
)njunctiv8e :  there  is  no  corresponding  muscle  in  the  lower  lid.  The  eyelashes  are 
irv^ed,  silky  hairs  which  project  from  the  free  margins  of  the  lids ;  in  the  upper 
d  they  are  longer  and  more  numerous  than  in  the  lower,  and  are  curved  upwards, 
hile  those  of  the  lower  lid  are  bent  downwards. 

Conjunctiva. — This  is  the  name  applied  to  the  mucous  membrane  which  lines 
le  back  of  the  lids  (tunica  conjunctiva  palpebrarum),  and  is  continued  on  to  the 
out  of  the  eyeball  (tunica  conjunctiva  bulbi).  The  line  along  which  it  is  reflected 
om  the  lids  on  to  the  globe  of  the  eye  is  termed  the  fornix  coDJunctivsB.  The 
ilpebral  portion  adheres  intimately  to  the  tarsal  plate  and  presents  numerous 
ipillae.  It  is  covered  by  a  layer  of  columnar  epithelial  cells,  beneath  the  bases 
51a 
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of  which  are  small  flattened  cells.  Near  the  fornix  a  number  of  acino-tabalai 
glands,  much  more  plentiful  in  the  upper  than  in  the  lower  Ud,  open  on  its  free 
surface.  The  conjunctiva  bulbi  is  thinner  than  that  lining  the  lids,  and  is  loosely 
attached  to  the  sclera  by  submucous  tissue.  The  plica  semilunaris  conjunctivje  has 
already  l)een  referred  to  (p.  738).  On  the  cornea  the  conjunctiva  is  represented 
merely  by  the  stratified  epithelium  already  described  (p.  726). 

Vessels  and  Nerves. — The  chief  arteries  of  the  eyelids  are  tlie  superior  and  inferior  palpf- 
bral  brandies  of  the  ophthalmic,  wliicli  pierce  tlie  septum  ori^itale  above  and  below  the  inUrnal 
tarsal  hgament,  and  rim  tortuously  outwaixls  in  the  corresponding  lid  near  its  free  margin.  On 
reacliing  the  region  of  the  outer  cantlius  they  anastomose  with  each  other  and  with  twigs  from 
tlie  la^'lirymal,  superficial  temixmil,  and  transverse  facial  arteries,  and  in  this  way  an  an.L  tf 
formed  in  each  lid  (ui)j)er  and  lower  tarsal  arches).  Secondary  smaller  arches  are  found,  oBe 
al)ove  the  primary  arch  m  the  upmn-  lid,  and  another  l)elow  that  of  the  lower  lid,  while  theupj»r 
lid  also  receives  branches  from  the  supmorbital  and  fi-outal  arteries.  The  veins  are  arrangi'd  in 
t  wo  sets  :  (a)  subconjunctival  or  retrotarsal,  opening  into  the  muscidar  tributaries  of  the  ophthalmic 
vein,  and  (6)  pretai-sal,  into  the  angular  and  sui)erficial  temporal  veins.  The  lymphatki, 
like  the  veins,  form  pre-  and  retrotarsid  networks,  which  communicate  with  each  other  through 
the  tarsal  platt^s.  The  lymi>h  is  chiefly  drainexl  into  the  perauricular  and  parotid  lymphatic 
glands,  Vjut  i>artly,  by  vessels  which  accompany  the  facial  vein,  into  the  submaxillary  lymphatic 
glands.  The  sensory  nerves  of  the  eyelids  are  suppliwl  by  the  fifth  cranial  nerve — the  npper 
lid  chiefly  by  the  suj)raorbita,l  and  supratn)chlear  branches  of  the  ophthalmic;  the  lower, V 
the  infraorbital  branch  of  the  su|)erior  maxillary.  The  i*egion  of  the  out*^r  canthus  rect-ircs 
some  filaments  from  the  lachrymal  nerve,  that  of  the  iimer  fiom  the  infratrochlear.  Th«f 
sensory  nerves  form  a  marginal  plexus  behind  the  orbicularis  2>alpcbrarum  muscle.  Tlie  levator 
palpebral  muscle  is  supplied  by  the  thir^l  cranial  nerve  and  the  non-8trii)ed  fibres  of  the  lids  br 
the  sympathetic. 

LACHRYMAL  APPARATUS. 

The  laduymal  apparatus  (apparatus  lacrimalis)  consistH  of :  (1)  the  lachijmal 
gland,  which  secretes  the  tears  ;  (2)  the  lachrymal  canals,  by  which  they  are  drained 
from  the  front  of  the  globe  ;  and  (3)  the  lachrymal  sac  and  nasal  duct,  which  convey 
them  into  the  nasal  cavity. 

The  lachrymal  gland  is  a  flattened,  oval  body  situated  in  the  upper  and  outer 
part  of  the  orbital  cavity,  and  consists  of  two  ][M)rtions — orbital  and  palpebral— 
imperfectly  separated  from  each  other  by  the  expansion  of  tlie  tendon  of  the  levator 
palpebne  superioris  muscle.  The  orbital  portion,  or  glandula  lammalls  snperiar, 
is  tirm  and  much  larger  than  the  palpebral  part ;  it  measures  transverstdy  aboat 
20  mm.,  and  sagittally  from  12-14  mm.  It  occupies  the  fossa  lacrimalis  on  the  innei 
as^ject  of  the  external  angular  process  of  the  frontal  bone,  and  is  fixed  by  fibroiB 
bands  to  its  periosteum,  while  its  inferior  surface  is  in  contact  with  the  levator 
palpebral  superioris  and  external  recti  muscles  w^hich  intervene  between  it  and  the 
gloFje  of  the  eye.  Tlie  smaller,  palpebral  portion,  or  glandula  lacrimalis  inferior. 
consists  of  small,  loosely  aggregated  lolmles.  It  lies  below  and  in  iront  of  the  orbital 
portion,  and  projects  into  the  posterior  part  of  the  upper  eyelid,  where  its  deep 
surface  is  in  contact  with  the  conjunctiva.  The  ducts  which  drain  the  orbital 
portion  are  from  three  to  five  in  nunil)or ;  they  pass  between  the  lobules  of  the 
palpebral  portion,  and  open  at  the  upper  and  outer  part  of  the  fornix  conjunctivje. 
The  ducts  of  the  palpebral  portion  number  from  three  to  nine  ;  some  of  them  join 
those  from  the  orbital  part,  while  others  open  separately  at  the  fornix  conjunctiva?. 
The  lachrymal  gland  has  a  structure  similar  to  that  of  the  parotid,  and  is  supplied 
by  the  sympathetic  and  lachrymal  nerves  and  by  the  lachrymal  artery,  while  it? 
veins  are  drained  into  the  ophthalmic  vein. 

The  lachrymal  canals  (ductus  lacrimales)  commence  by  minute  orifices,  termed 
the  puncta  lacrimalia,  at  the  apices  of  the  papilla?  lacrimales  already  refemwi  to  (p. 
738).  Tlie  u])per  canal  is  the  smaller  of  the  two,  and  at  first  ascends  for  a  short 
distance,  and  then  runs  inwanls  and  slightly  downwards  ;  the  lower  descends  for  a 
short  distance  and  then  runs  horizontally  inwards.  At  the  angle  where  they 
change  their  direction  each  is  dilated  into  an  ampulla  (ampulla  ductus  lacrimalis) 
They  occupy  the  margins  of  the  lids,  where  these  bound  the  lacus  lacrimalis,  and 
the  two  canals  open  close  together  into  the  outer  and  fore-part  of  the  lachrymal 
sac,  a  little  below  its  middle ;  sometimes  they  open  sej)arately  into  a  pouch-like 
iilatation   of  the   sac,  termed  the  sinus  of  Maier.      Each  canal  is  lined  by  • 
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ied  epithelium  placed  on  a  tunica  propria,  outside  which  is  a  layer  of 
1  muscular  fibres  derived  from  the  tensor  tarsi  muscle.  These  muscular 
are  arranged  somewhat  spirally  around  the  canals,  but  at  the  bases  of 
ipillae  they  are  circular  in  direction  and  form  a  species  of  sphincter.  On 
ction  they  serve  to  empty  the  contents  of  the  lachrymal  canals  into  the 
mal  sac. 

le  lachrymal  sac  and  nasal  duct  together  form  the  peissage  by  which  the  tears 
aveyed  from  the  lachrymal  canals  to  the  nose. 

le  lachrymal  sac  (saccus  lacrimalis)  is  the  upper  expanded  part  of  the  passage, 
leasures  from  12-15  mm.  in  length,  about  7  mm.  antero-posteriorly,  and 
[-5  mm.  transversely.  It  lies  in  the  groove  formed  by  the  lachrymal  bone 
asal  process  of  the  superior  maxilla,  and  ends  above  in  a  rounded,  blind 
aity  or  fundus,  while  it  narrows  below  into  the  nasal  duct.  Here  a  fold  of 
IS  membrane,  named  the  valve  of  Beraud,  together  with  a  laterally  directed 
,  the  sinus  of  Arlt,  are  sometimes  present.  Near  its  superior  extremity  it 
jsed  in  front  by  the  internal  tarsal  ligament,  from  the  upper  and  lower 
of  which  the  orbicularis  palpebrarum  takes  origin,  while  behind  it  is  the 
tarsi  muscle,  or  muscle  of  Homer. 

e  na43al  duct  (ductus  naso-lacrimalis)  averages  about  18  mm.  in  length,  and 
diameter  of  from  3-4  mm.  Bather  narrower  near  its  middle  than  at  its  upper 
)wer  extremities,  it  is  directed  downwards  and  slightly  backwards,  and  opens 
le  inferior  meatus  of  the  nose  at  the  junction  of  its  anterior  with  its  posterior 
fourths,  i.e.  a  distance  of  30-35  mm.  from  the  posterior  boundary  of  the 
Its  lower  orifice  is  somewhat  variable  in  form  and  position,  and  is 
)nally  duplicated.  It  is  frequently  guarded  by  a  fold  of  mucous  membrane, 
I  the  valve  or  plica  lacrimalis  of  Hasner.  Through  this  orifice  the  mucous  lining 
duct  is  continuous  with  that  of  the  nose.  The  mucous  membrane  of  the  duct 
)wn  into  inconstant  folds,  several  of  which  have  been  described  as  valves. 
Lthelium  is  columnar  and  in  part  ciliated  ;  opening  into  the  lower  part  of  the 
re  numerous  glands  similar  to  those  in  the  nasal  mucous  membrane.  The 
of  the  lachrymal  canals  and  sac  are  derived  from  the  infratrochlear  branch 
nasal ;  their  arteries  from  the  inferior  palpebral  and  nasal.  The  veins  of  the 
luct  are  large  and  numerous,  forming  a  sort  of  erectile  tissue  similar  to  tliat 
nose. 

Development  of  the  Eye. 

}  retina  and  optic  nerveare  developed  from  a  hollow  outgrowth  of  the  fore-brain,  termed 
lie  vesicle  (see  pp.  478  and  595).     This  extends  towards  the  side  of  the  head,  and  its 


Lens  rudiment 
Optic  cup 
optic  stalk 


Outer  layer  of  optic  cup 
Inner  layer  of  optic  cup 
I^ns 


5. — ^Sections  through  Portions  op  the  Hbads  of  Fcetal  Rabbits,  to  illustrate  the  connexion 
of  the  optic  cap  with  the  fore-brain,  and  the  invagination  of  the  ectoderm  to  form  the  lens. 

ion  with  the  brain  is  gradually  elongated  to  form  the  optic  stalk.     The  ectoderm 
ng  the  optic  vesicle  becomes  thickened,  invaginated,  and  ftnallv  cu\.  oii  «a  «u\v^cy« 
516 
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island  of  cells,  which  is  developed  into  the  lens  and  is  named  the  lens  vesicle.  This  lent 
rudiment  indents  the  outer  and  lower  part  of  the  optic  vesicle,  which  mow  assumes  theforn 
of  a  cup  (optic  cup),  lined  by  two  layers  of  cells  continuous  with  each  other  at  the  margii 
of  the  cup.  The  inner  of  these  strata,  thicker  than  the  outer,  is  named  the  Tetinal  lijer 
and  becomes  differentiated  into  the  nervous  and  supporting  elements  of  the  retina;  whil 
the  outer,  named  the  pigmentary  layer,  forms  its  pigmented  epithelium.  The  edge  of  tbi 
optic  cup  extends  in  front  of  the  equator  of  the  lens,  and  bounds  the  future  aperture  o 
the  pupil.  In  front  of  the  lens,  and  also  opposite  its  equator,  the  retinal  layer  18  thio 
and  represented  only  by  a  stratum  of  columnar  cells  which  becomes  closely  applied  t< 
the  pigmentary  layer,  the  two  forming  the  pars  ciliaris  and  pars  iridica  retina;.  Tlie  in 
dentation  of  the  optic  cup  extends  as  a  groove  for  some  distance  along  the  postero-inferio; 
aspect  of  the  optic  stalk,  forming  what  is  termed  the  chorioidal  fissure  (Fig.  576).  Througl 
this  fissure  the  mesoderm  passes  inwards  between  the  lens  and  the  retina  to  form  the  vitreoiu 
body,  while  the  arteria  centralis  retina)  also  becomes  enclosed  in  it  and  so  gains  its  futon 
position  in  the  centre  of  the  optic  nerve.  The  arteria  centralis  is  prolonged  fonrardi 
from  the  porus  opticus  through  the  vitreous  body,  as  a  cone  of  branches,  as  f ar  as  tlx 
back  of  the  lens.  By  the  fifth  or  sixth  mouth  all  these  branches  have  disappeared  except 
one,  the  arteria  hyaloidea,  which  persists  until  the  last  mouth  of  fostal  life,  when  itabt 
atrophies,  leaving  only  the  canalis  hyaloideus  to  indicat'C  its  position. 

The  lens  rudiment,  at  first  in  contact  with  the  ectoderm,  from  which  it  is  derived 
soon  becomes  separated  from  it  by  mesoderm,  and  then  consists  of  a  rounded  vesicle  linet 

by  epithelium.     The  epithelium  which  lines  the  anterio 

part  of  the  vesicle  remains  as  a  single  layer  of  cells- 

the  anterior  lens  epithelium  of  the  adult.     The  cell 

lining  the  posterior  part  of  the  vesicle  become  elongate 

into  lens  fibres,  and  by  the  forward  grow^th  of  these  tb 

cavity  of  the  vesicle  is  obliterated.    This  elongation  int 

lens  fibres  is  greatest  at  the  centre  of  the  lens,  vliil 

near  the  equator  the  fibres  are  shorter,  and  here  th 

gradual  transition  between  the  anterior  epithelium  an 

Fig.  576.— Omc  Cvv  and  Lens  viewed  the  lens  fibres  is  seen  (Fig.  573).     The  lens  becomi 

FROM  Behind  and  Below,  to  show  enveloped  in  a  vascular  tunic,  which  receives  its  vessel 

:X"::oft.f;r;rieS«t  from  the  art.na  centralis  retin»  and  fn>m  the  ve«, 

tin«  (from  model  by  Ziegler).  ot  the  iris.     The  front  part  of  this  tunic  forms  til 

membrana     pupillaris,    and    this,    like    the    rest  ( 
the  tunic,  disappear  before  birth. 

The  hollow  stalk  of  the  optic  cup  becomes  solid  by  the  thickening  of  its  walls  and  tl 
obliteration  of  its  cavity,  and,  acquiring  nerve-fibres,  becomes  the  optic  nerve.  These  iien< 
fibres  are  mostly  centripetal,  and  are  derived  from  the  nerve-cells  of  the  retina  ;  but  a  fe 
are  centrifugal  and  have  their  origin  in  the  brain.  The  further  development  of  the  retii 
resembles,  in  certain  respects,  that  of  the  spinal  cord. 

Cainoron  stattvs  ("  The  Develoi>nient  of  the  Retina  in  Amphibia,"  Joum.  Anat  and  Pkftioi 
London,  vol.  xxxix.)  that  in  the  early  Btages  of  the  development  of  the  inner  or  retinal  layer  t 
the  optic  fuj)  all  the  structures,  described  by  His  as  being  present  in  the  spinal  cord  of  th 
liuinan  embryo,  are  to  be  found,  viz.  (a)  spongioblasts,  (6)  germinal  cells,  and  (c)  neuroblasts. 

Tht»  spongioblasts  undergo  ramification  and  form  a  network  or  myelo6pK>nffium,  and  also  gi^ 
rise  to  the  inner  and  outer  limiting  membranes ;  the  latter  is  next  the  original  cavity  of  the  opti 
vesicle,  and  therefore  corresponds  to  the  inner  limiting  membrane  of  the  spinal  coid.  Th 
Hjxmgioblasts  also  form  the  groundwork  of  the  inner  and  outer  molecidar  layers  into  which  th 
processes  of  the  neuroblasts  grow  and  arborise. 

The  germinal  cells  are  always  situate^l  beneath  the  external  limiting  membrane,  and  by  the 
division  give  rise  to  the  neuroblasts.  The  first-formed  neuroblasts  are  larger  than  thoee ' 
Kucceetling  generations,  and  are  found  in  the  site  of  the  future  ganglionic  layer.  The  germiu 
celk  in  the  middle  of  the  convexity  of  the  retinal  cup  c^ase  to  divide  at  an  earlv  stage 
development,  and  become  directly  transformed  into  the  rod  and  cone  cells  from  which  the  ro 
and  cones  develop  as  processes  ;  hence  these  structures  appear  first  over  the  middle  of  tl 
convexity  of  the  retina,  and  graduallv  extend  towards  the  margin  of  the  retinal  cujk 

The  nuclei  of  the  retinal  neurobhists  undergo  a  progressive  diminution  in  size— in  eoi 
cases  to  one-fourth  of  that  of  their  earlier  stages.  Cameron,  after  a  careful  study  of  the  new 
blasts,  not  only  in  the  retina,  but  in  the  wall  of  the  cerebral  vesicle  and  spinal  cord,  is  of  opini 
that  the  neuroblastic  nuclei  are  destitute  of  a  protonlasmic  investment,  and  that  what  has  be 
described  as  a  zone  of  "  clear  protoplasm  "  surrouncling  these  nuclei  during  the  prooesfl  of  kan 
kinesis  is  simply  the  achromatic  nuclear  substance  set  free  by  the  disappearance  of  the  nuA 
membrane  ;  and,  further,  that  the  processes  which  grow  out  from  the  neuroblasts  in  reality  va 
from  the  substance  of  the  nuclei  and  thus  cause  the  gradual  diminution  in  size  of  the  latt 
"  The  processes  of  the  retinal  *  gangUon-<»llB'  and  of  the  cells  of  the  inner  nuclear  layer  fixst  ih< 
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tlves  as  protrusions  of  the  nuclear  contents,  while  the  rods  and  cones  are  at  first  also 
sions  of  the  nuclei  of  the  external  nuclear  layer.  The  rod  and  cone  elements,  when  they 
ppear,  do  so  as  perfectly  clear  spherical  globules  consisting  of  nothing  more  than  nuclear 
latin.  The  axis-cylinders  of  the  optic  nerve  arise  as  processes  of  the  nuclei  in  the 
Dnic  layer,  and  the  ^reat  difficulty  which  is  experienced  in  staining  the  individual  fibres 
retinal  nerve-fibre  layer  is  due  to  the  fact  that  they  are  composed  of  the  achromatic 
r  substance  of  the  ganglionic  nuclei  The  origin  of  the  axis-cylmders  from  these  nuclei 
•ts  the  contention  of  those  who  insist  on  the  fact  that  the  axis-cylinder  process  of  a  nerve- 
ti  be  traced  right  into  the  nucleus  of  that  celL" 

e  molecular  layers  make  their  appearance  as  plexuses  of  myelospongium.  The  internal 
liar  layer  is  first  developed  at  the  centre  of  the  retinal  cup,  and  gradually  extends  towards 

Smai^in,  and  into  it  the  processes  from  tlie  nuclei  on  either  side  grow  and  ramify.     The 
cone  fibres,  and  the  outer  processes  of  the  internal  nuclear  layer,  grow  into  and  arborise 
I  the  external  molecular  layer. 

le  most  interesting  points  with  reference  to  the  development  of  the  nuclear  layers  are, 
i  extrusion  of  the  various  processes  from  the  nuclei  as  already  described,  and  (2)  the  free 
ir  in  which  these  nuclei  multiply  by  direct  division  during  the  metamorphosis.  It  is 
Bting  to  note  that  the  retinal  nuclei  are  formed  during  the  early  stages  dv  mitotic  or 
ct  aivision  of  the  germinal  cells,  while  later  they  appear  capable  oi  multiplying  by 
tic  or  direct  division  only. 

le  fin^t  evidences  of  the  rods  and  cones  are  in  the  form  of  clear,  absolutely  achromatic 
les,  which  lie  between  the  nuclei  of  the  external  nuclear  layer  and  the  outer  limiting 
rane.  Whenever  these  are  protruded  beyond  this  membrane  they  grow  with  great 
ty,  and  exert  an  influence  on  the  retinal  pigment  cells,  causing  them  to  protrude  their 
aes,  the  pigment  of  which  they  seem  to  digest  and  absorb,  since  they  now  stain  deeply 
iron-alum-haematoxylin.  This  cives  us  a  clue  to  the  mode  by  which  the  rhodopein 
on  of  the  rods  in  the  adult  is  conducted,  for  these  structures  actually  owe  their  growth  and 
)pment  to  the  ingestion  of  pigment  from  the  pigment-cell  processes. 

be  condensed  mesoderm  surrounding  the  optic  cup  becomes  the  sclera  and  chorioid. 
e  portion  of  the  mesoderm  which  lies  in  front  of  the  lens  a  cleft-like  fissure  appears, 
ivides  it  into  a  thick  anterior  and  a  thin  posterior  layer.  The  former  becomes  the 
antia  propria  of  the  cornea ;  the  latter,  the  stroma  of  the  iris  and  anterior  part  of  the 
lar  tunic  of  the  lens.  The  fissure  represents  the  future  anterior  chamber,  and  its 
;  cells  form  the  layer  of  endothelium  on  the  back  of  the  cornea  and  front  of  the 

he  eyelids  arise  as  two  integumentary  folds  above  and  below  the  cornea,  each  being 
ed  on  both  its  surfaces  by  the  ectoderm.  By  the  third  month  the  folds  meet  and 
with  each  other  at  their  edges,  the  eyelids  being  only  permanently  opened  shortly 
e  birth ;  in  many  animals  they  are  not  opened  until  after  birth.  The  ectoderm 
I  the  epithelium  of  the  conjunctiva  and  the  stratified  epithelium  of  the  cornea.     It 

0  invaginated  at  the  lid  margins  to  form  the  hair  follicles  and  the  lining  cells  of  the 
miian  glands  and  glands  of  Moll,  and,  at  the  fornix  conjunctivae,  to  form  the  lining 
?  alveoli  and  ducts  of  the  lachrymal  gland. 

le  nasal  duct,  lachrsrmal  sac,  and  canals  represent  the  remains  of  the  furrow  which 
ds  from  the  inner  angle  of  the  eye  to  the  nasal  cavity  between  the  superior  maxillary 
ateral  nasal  processes  (p.  40).  It  is  at  first  filled  by  a  solid  rod  of  cells,  which 
aes  hollowed  out  to  form  the  duct  and  canals. 

THE  EAR. 

he  ear  or  organ  of  hearing  (organon  auditus,  Fig.  577)  consists  of  three  portions 
bemal,  middle,  and  internal — the  last  constituting  its  essential  part,  as  within 
J  distributed  the  peripheral  terminations  of  the  auditory  nerve. 

EXTERNAL  EAR. 

he  external  ear  ^  includes  — (a)  the  pinna  or  auricula,  attached  to  and  pro- 
ig  from  the  side  of  the  head ;  and  (b)  the  passage  or  external  auditory  meatus 
bus  acusticus  externus),  leading  inwards  from  the  most  depressed  part  of  the 

1  as  far  as  the  tympanic  membrane  or  outer  wall  of  the  middle  ear. 

The  Pinna. 

'he  pinna  or  auricula  (Fig.  578)  presents  two  surfaces,  outer  and  inner,  the 
r  forming  an  angle  (cephalo-auricular  angle)  of  about  30*",  with  the  side  of  the 

Lltboagh  it  is  usaal  to  speak  of  the  external,  middle,  and  internal  ear,  it  would  be  more  correct  to  use 
lus  external,  middle,  and  internal  pi/rtions  of  the  ear. 
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head.     The  outer  surface  is  irregularly  concave,  but  presents  several  well-n 
elevations  and  depressions.     The  deepest  of  the  depressions  is  situated  ne 

middle. 

Tympanic  cavity,  with  chain  of  ossicles 


Dactua 


Dtricl6 


Eti^tacbiJiii  tii^H 

Mombnum  tyniptini 

Extvmal  auditory  fiicAtu^ 


Fio.  577. — Diagrammatic  View  of  the  Orcian  of  Heafino. 


and  18  1 
the  concha  (concht 
cube).  It  is  d 
by  an  almost  tran 
ridge,  the  cnui  1 
into  an  upper,  si 
and  a  lower,  larg( 
tion :  the  fonu 
termed  the  cymb 
cha;  the  latter, 
leads  into  the  u 
the  cavnm  condue. 
teriorly,  the  cms 
is  continuous  wii 
margin  of  the  pii 
helix,  which  is 
over,  in  the  greats 
ofitsextent,liket 
ofahat,andisdire 
first  upwards,  an 
backwards  and 
wards,  to  become ; 
ally  lost  a  little 

the  middle  of  the  pinna.     Near  the  point  where  the  helix  begins  to  turn 

wards  a  small  tubercle,  the  taberculam  superius  (Darwini),  is  often  seen ;  it  ^ 

again  referred    to.     In   front  of  the  descending  part  of  the   helix   is  a 

elevation,  the  antihelix.     Single  below,  it  divides  superiorly  into  two  limbs,  1 

the  cmra  antihelicis,  between  which 

is  a  triangular  depression,  the  fossa 

of  the  antihelix,  or  fossa  triangularis. 

The  elongated  furrow  between  the 

helix  and  antihelix  is  named  the 

fossa  of  the  helix  or  scapha.     The 

concavity  of  the  concha  is  over- 
lapped in  front  by  a  tongue-like 

process,  the  tragus,  and  behind  by 

a  triangular  projection,  the  anti- 

tragus;  the  notch,  directed  down- 
wards and  forwards  between  these 

two  processes,  is  named  the  incisura 

intertragica.      The    tragus    really 

consists    of    two    tubercles,    the 

upper  of   which    constitutes    the 

taberculam  supratragicam  of  His, 

and  is  separated  from  the  helix  by  a  groove,  the  sulcus  aaris  anterior.     The 

(lobulus  auriculae)  is   situated   below  the  incisura  intertragica,  and  is  th( 

dependent  part  of  the  pinna. 

The  inner  or  cranial  surface  is  also  irregular,  and  presents  elevations 

spending  to  the  depressions  on  its  outer  surface,  e.g.  eminentia  conchsB,  em 

triangularis,  etc. 

The  pinna  is  usually  Bmaller  and  more  finely  modellerl  in  the  female  than  in  the  m 

f)re8ent8  great  variations  in  size  and  shape  in  ditFerent  individuals.     In  the  newly -bom  < 
ength  is  about  one-thiiti  of  that  of  the  adult,  while  it  incre^ises  slightly  in  length  and 
in  old  age. 

The  relation  of  the  width  to  the  height  is  termed  the  auricular  index,  and  ifl  expr< 
follows : — 

width  of  pinna  X  100^  ^^^^^„  j^^,^ 
length  of  pinna 


Cnis  antiheliiitii  mpprfor 
Fossa  trlanE(:nlaria 

Cms  antiheliL'in  iiifpiiof 
Cyuiba  L'Oiichii-^ 


Cni«  haUcU 


I  lie  i  ram  Intertrrngfca 


Fk;.  578.- 


-ViEw  OF  Outer  Surface  of  Lkft  P 
(half  natural  size). 
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r  is  less  in  white  tlian  in  dark  races. 

Uo-aaricnlar  angle  may  be  practically  absent,  as  in  those  cases  where  the  skin  of  the 

irectly  on  to  the  outer  surface  of  the  pinna,  or  it  may  be  increased  to  nearly  a  right 

,  the  outer  surface  of  the  pinna  looks  directly  forwards.     The  tubercnlnm  sapenus, 

ce  of  which  was  recognised  by  Darwin,  is  a  somewhat  triangular  prominence  which 

ards  when  the  helix  is  well  rolled  over,  but  backwards  and  upwards  when  the 

the  helix  has  been  arrested.    More  frequently  present  in  men  than  in  women,  it  is 

ntal  interest  since  it  has  been  shown  to  be  well  marked  at  the  sixth  month  of  fcetal 

*e  pinna,  at  this  stage,  resembling  in  appearance  that  of  the  adult  macaque. 

e  may  be  small  ana  sessile  or  considerably  elongated  ;  it  may  adhere  to  the  skin  of 

.  webbed),  or  may  tend  to  bifurcate  at  its  lower  extremity. 

ire  of  the  Pinna. — The  greater  part  of  the  pinna  consists  of  a  lamella 
fibro-cartilage,  the  cartila«o  auriculsB ;  the  cartilage  is,  however,  absent 
bule,  which  is  composed  of  fat  and  connective  tissue.  When  laid  bare, 
;inous  lamella  (Figs.  579,  580)  presents,  in  an  exaggerated  condition,  all 
lities  of  the  pinna,  and 
)e  prolonged  inwards,  to 
siderable  portion  of  the 
luditory  meatus.  The 
F  the  helix  projects  an- 
a  conical  eminence,  the 
s,  whilst  its  inferior  ex- 
tends downwards  as  a 
ocess,  the  canda  helicis, 
parated  from  the  lower 
an ti tragus  by  a  fissure, 
fissura  antitragohelicina. 
ge  of  the  pinna  is  con- 
h.  that  of  the  meatus  by 
ithmus  (isthmus  cartila- 
measuring  from  8-9  mm. 

This  isthmus  corresponds  externally  with  the  deepest  part  of  the 
ertragica,  and  internally  it  forms  the  outer  boundary  of  a  deep  fissure, 
b  terminalis  amis,  which  separates  the  cartilage  of  the  meatus  from 
I  concha.     The  upper  edge  of  the  tragus  fits  into  an  angle  t)elow  the 


M.  hc^lldft  tniOoi' 


M.  hflliciit  inittor 


M,  trvglouf. 
Fisaiiw  of 

gill  la  4urfA 


liiciHura  terminaliH 

M.  antitragicus 
:^<ira  antitragohelicina 
CHivIa  helicfM 


Fig.  579.- 


-OuTER  Surface  op  Cartilaoe  op  Piwna 
(one -half  natural  size). 


isura  terminalis  auris,  together  with  the  isthmus  and  the  incisura  intertragica,  be 
esenting  the  boundary  between  the  cartilage  of  the  pinna  and  that  of  the  meatus,  it 
he  tragus  really  forms  a  part  of  the  meatal  cartilage, 

cranial  aspect  of  the  cartilage  (Fig.  580)  the  eminences  produced  by  the 
fossa  triangularis  are  separated  by  a  transverse  furrow,  the  sulcus  anti- 
jversus,  corresponding  with  the  crus  antihelicis  inferior;  further,  the 

eminentiaconchaeiscrossed  horizontally 
by  a  groove,  the  sulcus  cruris  helicis,  and 
almost  vertically  by  a  slight  ridge,  the 
ponticulus:  the  latter  indicates  the 
attachment  of  the  M.  auricularis  pos- 
terior. 

In  addition  to  the  fissures  described, 
others,  termed  the  fissures  of  Santorini, 
are  found,  usually  one  in  the  tragus 
and  one  or  more  in  the  cartilage  of  the 
meatus. 

Ligaments  of  the  Pinna. — The 
cartilage  of  the  pinna  is  attached  to 
the  skull  by  two  fibrous  bands  which 
form  its  extrinsic  ligaments,  viz. :  an 
•etching  from  the  zygoma  to  the  spina  helicis  and  tragus ;  and  a  posterior, 
n  the  eminentia  conchae  and  upper  wall  of  the  meatus  to  the  mastoid 
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process.     Small  ligamentous  bands  pass  between  individual  parts  of  the  pinna,  an 
form  what  are  termed  its  intrinsic  ligaments. 

Muscles  of  the  Pinna  (Figs.  579,  580). — The  muscles  of  the  pinna  are  divide 
into  two  groups,  extrinsic  and  intrinsic.  The  extrinsic  muscles  pass  from  the  pini 
to  the  skull  or  scalp,  and  are  described  in  the  section  on  Myology.  The  intrina 
muscles,  on  the  other  hand,  are  confined  to  the  pinna  and  are  six  in  number,  foi 
on  its  outer  and  two  on  its  cranial  aspect. 

(a)  On  the  outer  surface  (Fig.  579) — 

1.  M.  helicis  major,  passes  upwards  from  the  spina  helicis  along  the  ascendii 
part  of  the  helix.  2.  M.  helicis  minor,  covers  the  crus  helicia  3.  M.  tn^a 
quadrangular  in  shape,  consists  of  fibres  running  vertically  over  the  great 
part  of  the  tragus.  Some  of  its  fibres  are  prolonged  upwards  to  the  spina  helic 
and  constitute  the  m.  pyramidalis.  4.  M.  antitragiens,  covers  the  antitiagi 
and  passes  obliquely  upwards  and  backwards  as  far  as  the  antihelix  and  cauc 
helicis. 

(b)  On  the  cranial  surface  (Fig.  580) — 

1.  M.  transversns  auricula,  consists  of  scattered  fibres,  which  stretch  from  tl 
eminentia  conchae  to  the  convexity  of  the  helix.  2.  M.  obliquns  anricnla  (Tod 
comprises  a  few  fasciculi,  which  run  obliquely  or  vertically  across  the  furrow  corn 
spending  with  the  crus  antihelicis  inferior.  A  small  muscle,  the  stylo-auriculari 
sometimes  extends  from  the  root  of  the  styloid  process  to  the  cartilage  of  tl 
meatus. 

Skin  of  the  Pinna. — The  skin  covering  the  pinna  is  thin  and  smooth,  and 
prolonged  inwards,  in  the  form  of  a  tube,  as  a  lining  to  the  external  auditoi 
meatus.  It  adheres  firmly,  on  the  outer  surface  of  the  pinna,  to  th6  subjaoei 
perichondrium.  Hairs  are  well  developed  on  the  tragus  and  antitragus,  and  ak)  i 
the  incisura  intertragica,  forming  the  barbula  hirei,  which  guard  the  entrance  to  tl 
concha.  Soft  downy  hairs  are  found  over  the  greater  part  of  the  pinna  and  poii 
towards  Darwin's  tubercle.  Sebaceous  glands,  present  on  both  surfaces  of  the  pinn 
are  most  numerous  in  the  concha  and  fossa  triangularis.  Sweat  glands  are  foai 
on  both  surfaces,  but  are  much  more  numerous  on  the  cranial  aspect. 

Vessels  of  the  Pinna. — The  arteries  for  the  piiuia  are  derived — (a)  from  the  superficial  tei 
poral,  which  seuds  two  or  three  branches  to  the  outer  surface  ;  and  (6)  from  the  posterior  auricuL 
which  gives  three  or  four  branches  to  the  cranial  surface.  From  the  latter  two  sets  of  twigs  i 
prolonged  to  the  outer  surface,  one  turning  round  the  free  margin  of  the  helix,  and  the  oth 
passing  through  small  fissures  in  the  cartilage.  The  veins  firom  the  outer  surface  open  into  t 
superficial  tem|X)ral  vein  ;  those  from  the  cranial  surface  chiefly  join  the  posterior  auricular  vd 
but  some  communicate  with  the  mastoid  emissary  vein.  The  lymphatics  take  three  directioi 
viz. :  (a)  forwards  to  the  parotid  lymphatic  glands,  and  especially  to  the  preauricular  gland 
front  of  the  tragus ;  {h)  downwards  to  the  lymphatic  glands  which  accompany  the  external  jujul 
vein,  and  to  the  glands  under  the  stemomastoid ;  and  (c)  backwards  to  me  mastoid  lympha 
glands. 

Nerves  of  the  Pinna.— The  muscles  of  the  pinna  are  supplied  by  the  seventh  cranial  ner 
The  nkin  nuMfives  its  sensory  nerves  from — (a)  the  great  auricular,  which  suppUes  nearly  t 
whole  of  the  cranial  surface,  and  sends  filaments  in  company  with  the  branches  of  the  poeteri 
auricular  artvry  to  the  outer  surface ;  (6)  the  auriculo-temporal,  which  suppUes  the  tragus  a 
ascending  }>art  of  the  heUx  ;  (c)  the  small  occipital,  which  sends  a  branch  to  the  upper  part  of  t 
cranial  surface. 

External  Auditory  Meatus. 

The  external  auditory  meatus  (meatus  acusticus  externus)  (Figs.  580,  581) 
the  passage  leading  inwards  from  the  concha  as  far  as  the  membrana  tympani  ] 
average  length,  measured  from  the  bottom  of  the  concha,  is  about  one  in 
(24  mm.),  but,  if  measured  from  the  level  of  the  tragus,  nearly  one  inch  and 
half  (35  mm.)  On  account  of  the  obliquity  of  the  membrana  tympani  its  anteri 
and  inferior  walls  are  longer  than  the  posterior  and  superior.  The  tube  consists 
two  parts,  viz. :  (a)  an  external  flbnxartilaginous  portion,  the  pars  cartilagim 
having  a  length  of  about  8  mm. ;  and  (b)  an  internal  osseous  portion,  the  pars  oss 
measuring  about  16  mm.,  and  foi-med  by  a  portion  of  the  temporal  bona  T 
entire  meatus  forms  a  somewhat  S-shaped  bend  (Fig.  582),  and  may  be  divided  ii 
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Meinbrana 

tympani 

Internal  carotid 
artery 


Ctms  antihelicis  inferior 
Cynibft  conch  JO 


Cms  helicis 


Tars  cartila^inea  of 
I'xtenial  auditory  meatus 
C'avunj  conchiv 


Tjower  boundary  of 
iucisura  intertragica 


tree  portions,  viz.:  (1)  pars  externa,  directed  inwards,  forwards,  and  slightly 
pwards  for  about  7  mm. ;  (2)  pars  media,  inclining  inwards  and  backwards  for 
oout  5  mm.;  (3) 
us  interna,  the 
)nge8t  of  the  three, 
lassing  forwards,  in- 
wards, and  slightly 
lown  wards.  On 
transverse  section 
the  canal  is  seen  to 
be  elliptical,  its 
greatest  diameter 
having  an  inclina- 
tiondown  wards  and 
backwards.  Widest 
at  its  outer  ex- 
tremity, it  becomes 
somewhat  narrower 
at  the  inner  end  of 
the  pars  cartila- 
ginea ;  once  more 
expanding    in   the 

outer  part  of  the  pars  ossea,  it  is  again  constricted  near  the  inner  end  of  the  latter, 
where  its  narrowest  part,  or  isthmus,  is  found  at  a  distance  of  about  19  mm.  from 
the  bottom  of  the  concha.  The  inner  extremity  of  the  meatus  is  nearly  circular 
and  is  closed  by  the  membraua  tympani. 

Bezold  gives  the  diameters  of  the  meatus  as  follows : — 

At  the  commencement  of  the  pars  cartilagiiiea. 

At  the  end  „  „  „         .         .         . 

At  the  commencement  of  the  pars  ossea 

At  the  end  „  n       >»  ... 

The  lumen  of  the  pars  cartilaginea  is  influenced  by  the  movements  of  the 
lower  jaw,  being  increased  when  the  jaw  is  depressed.     This  can  be  easily  verified  by 

inserting  a  finger  into 
themeatus,and  then  al- 
ternately opening  and 
shutting  the  mouth. 
The  condyle  of  the 


Fig.  581. 


-Vertical  Transversb  Section  of  Right  Ear  ;  Anterior  Half 
OF  Section,  viewed  from  behind  (natural  size). 
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pars  ossea,  while  be- 
tween the  jaw  and  the 
pars  cartilaginea  there 
intervenes  a  portion  of 
the  parotid  gland.  Be- 
low the  meatus  is  the 
retro-mandibular  part 
of  the  parotid  gland. 
Behind  the  pars  ossea, 
and  separated  from  it 
by  a  thin  plate  of  bone, 
are  the  mastoid  air- 
cells. 

Structure  of  the  Meatus. — The  cartilage  of  the  meatus,  directly  continuous 
rith  that  of  the  pinna,  is  folded  on  itself  to  form  a  groove,  opening  upwards  and 
ackwards,  the  margins  of  which  are  connected  by  fibrous  tissue.  The  inner  end  of 
lie  cartilage  is  firmly  fixed  to  the  outer  margin  of  the  bony  meatus,  whilst  its  outer 
Ktremity  is  continuous  with  the  cartilage  of  the  tragus  (vide  p.  745).     A^covvjl^  ol 


Fio.  582.— Horizontal  Section  through  Right  Ear;  Upper  Half  of 
Section  seen  from  below  (natural  size). 
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fissures,  the  fissures  of  Santorini,  exist  in  the  anterior  portion  of  the  cartilage  of  the 
meatus,  and  are  filled  by  fibrous  tissue.  In  the  outer  part  of  the  meatus  the  cartilage 
forms  about  three-fourths  of  its  circumference ;  but,  on  passing  inwards,  the  propor- 
tion of  cartilage  to  fibrous  tissue  diminishes,  with  the  result  that  near  the  inner 
end  of  the  pars  cartilaginea  the  cartilage  forms  merely  a  part  of  the  anterior  ami 
lower  boundaries  of  the  canal. 

The  os.S(H>u8  portion  (j)iir8  ossea)  of  the  meatus  is  described  on  p.  117  ;  but  it  may  be 
well  to  Plate  luTe  that  m  the  newly-bom  child  it  is  represented  only  by  an  incompW 
ring  of  l)one,  tlie  annnlos  tympanicus,  together  with  a  small  portion  of  the  sf^naniou; 
temporal,  whi<;h  articulates  witli,  and  bridges  over  the  interval  Iwtween,  the  extremitit«  of  the 
ring  superiorly.  In  tlie  concavity  of  the  annulus  is  a  well-definerl  groove^  the  salens  tympaaiau. 
in  wliidi  the  circumference  of  tlie  membrana  tympani  is  fixed.  On  the  inner  a8]H'ct  of  thf 
anterior  part  of  tlie  annulus,  a  little  below  its  free  extremity,  a  groove,  the  solciu  iiiiuloolirii,^ 
directed  downwards  and  forwai-ds.  It  transmits  the  proi'essus  gracilis  and  anterior  ligament 
of  the  malleus,  the  tympanic  artery  and  the  cliorda  tympani  nerve.  It  is  limited  above  h\  i 
wcll-marktKl  ridge,  the  crista  spinarum  of  Henle,  which  ends  in  front  and  bidiind  in  a  8])ino!u 
T)i-(x'(«d  (spina  tympanica  anterior  and  posterior).  Below  the  sulcus  malleolaris  there  is  a  aecoiyl, 
less  pi-oniinont  ridge,  the  crista  tympanica  of  Gruber,  which  sul>sequently  unites  with  a  procta 
of  the  te^'uien  tympani,  and  so  shutti  off  the  canalis  musculo-tubarius  from  the  Qlaserian  fijwirft 
A  fibrous  pljite,  the  tympanic  fibrons  plate  (Symington),  intervenes  between  the  aiinuliK 
tympanicus  and  the  inner  end  of  the  cartilage  of  the  meatus,  and  into  this  plate  the  bony  ring 
extends.  Tlie  bony  outgrowth  does  not,  however,  proceed  unifomdy  throughout  itn  dwoni- 
ference,  but  occurs  most  rapidly  in  the  anterior  and  })o«jterior  parts  of  the  ring.  Tliose  outgrowths 
fuse  about  the  end  of  the  second  year  of  life,  so  as  to  surround  a  foramen  in  the  floor  of  thr 
mexitus  (foramen  of  Buschke),  which  is  iLsually  clode<l  by  the  fifth  year,  but  persists  until  adnlt 
life  in  some  19  i)er  c^nt  of  skulls  (Biirkner). 

The  lumen  of  the  meatus  in  the  newly-bom  child  is  extremely  small :  its  outer  part  i»  funnel- 
sliajjed  ;  its  inner  a  mere  slit,  l>ounded  below  by  the  tymj)anic  fibrous  plate  and  above  by  tlw 
obh(pifly-j>laciH^l  membrana  tympani. 

The  skin  which  envelopes  the  pinna  lines  the  entire  meatus,  and  covers  also  the 
outer  fturiace  of  the  tympanic  membrane.  It  is  thick  in  the  pars  cartilaginea,  and 
contains  line  hairs  and  sebaceous  glands,  the  latter  extending  inwards  for  some 
distance  along  the  postero-superior  wall  of  the  pars  ossea.  The  sweat  glands 
are  enlarged  and  of  a  brownish  colour ;  they  constitute  the  glaadnlsB  cemmiiuM 
and  secrete  the  ear  wax  or  cerumen. 

Vascular  and  Nervous  Supply  of  the  Meatus. — The  meatus  receives  its  blood-supplT  fna 

the  iK^sterior  auricular  and  superficial  t<?imporal  arteries,  and  also  from  the  deep  auricular  bnnth 
of  the  internal  niaxillaiy  artery,  the  last  distributing  some  minute  branches  to  the  membruii 
tymj^ini.  The  veins  open  into  the  external  jugidar  and  int4^:mal  maxillary  veins,  and  also  into 
the  pterygoid  plexus,  while  the  lymphatics  have  a  similar  mcxle  of  termination  to  those  of  the 
])inna.  Sensory  nerves  are  suppliiKl  to  the  meatus  by  the  auriculo-temporal  braucli  of  the  fifth 
and  by  the  auricular  branch  of  the  vagus. 

MIDDLE  EAR  OR  TYMPANIC  CAVITY. 

The  tjrmpajiic  cavity  (cavum  tympani)  is  a  small  air  chamber  in  the  temporal 
bone,  which  intervenes  between  the  membrana  tympani  and  the  outer  wall  of  the 
internal  ear  or  labyrinth  (Figs.  581,  582).  lined  by  mucous  membrane,  it  contains 
a  chain  of  ossicles  (ossicula  auditus)  which  reaches  from  its  outer  to  its  inner  wall 
and  by  means  of  which  the  vibrations  of  the  membrana  tympani  are  transmitted 
across  the  cavity  to  the  internal  ear.  Attached  to  the  ossicles  are  several  ligaments, 
together  with  a  pair  of  small  muscles,  while  certain  nerves  are  either  distributed 
to  the  cavity  or  pass  through  it. 

The  tympanic  cavity  consists  of  two  portions:  (1)  The  tymiMUinm  poroper, or 
atrium,  lying  inMnediately  to  the  inner  aspect  of  the  membrana  tympani ;  and  (2) 
the  recessus  epitympanicus,  lying  above  the  level  of  the  membrane  and  containing 
the  greater  part  of  the  incus  and  the  u])per  half  of  the  malleus.  Including  this 
recess,  the  vertical  and  antero-posterior  diameters  of  the  tympanic  cavity  are 
rather  more  than  half  an  inch  (15  mm.)  The  distance  between  its  outer  and 
inner  walls  is  about  6  mm.  above  and  4  mm.  below,  while  at  its  central  part^ 
owiug  to  the  bulging  of  the  two  walls  towards  the  cavity,  it  measuree  only 
from  li  to  2  ram. 
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The  tympanic  cavity  presents  for  examination  a  roof,  a  floor,  and  four  walls,  viz. 
srior,  posterior,  external,  and  internal 

The  roof  (Fig.  583)  (paries  tegmentalis)  is  formed  by  a  thin  plate  of  bone,  the 
nen  tympani,  constituting  a  portion  of  the  upper  surface  of  the  petrous-temporal, 
ixtends  backwards  so  as  to  cover  in  the  mastoid  antrum,  and  forwards,  to  form 


Aiitruiii  ttiastujcletini 
Hfctuftu*  fpit  inn  pail  itcRi* 


Pyramid 
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FlcHflt^a  rotQudA 

Coorw  of  ^aviails  AicialJit 

Fio.  583. — Section  through  Left  Temporal  Bone,  showing  inner  wall  of  tympanic  cavity,  etc 

I  roof  of  the  canal  for  the  tensor  tympani  muscle.  It  separates  the  tympanum 
I  antrum  from  the  cranial  cavity,  and  may  contain  a  few  air-cells,  whilst  occasion- 
r  it  is  partly  deficient.  In  the  child  its  outer  edge  corresponds  with  the  petro- 
lamous  suture.  The  floor  (fundus  tympani  seu  paries  jugularis)  is  narrower  than 
1  roof,  and  consists  of  a  thin  plate  of  bone  which  separates  the  cavity  from  the 
Ml  jugularis ;  anteriorly,  it  extends  upwards  and  becomes  continuous  with  the 
iterior  wall  of  the  carotid  canal.  The  inner  orifice  for  Jacobson's  nerve,  or 
Qpanic  branch  of 
I  glosso-pharyn-. 
J,  is  st^en  near  the 
iction  of  the  floor 
-h  the  inner  wall. 
The  posterior 
U  (paries  mas- 
(iea)  presents, 
m  above  down- 
rds:  (1)  A 
nded  or  triaugu- 
opening,  which 
ends  backwards 
:n  the.  recessus 
tympanicus  aud 
ds  into  the 
stoid  antrum 
/.  588);  the  latter 
Ije again  referred 
p.  752).  (2)  A 
ression,  the  fossa 

idis  (Fig.  584),  which  lodges  the  extremity  of  the  sliort  proceas  of  the  incus ;  this 
a  is  situated  in  the  postero-inferior  part  of  the  recessus  ei)itympanicus.  (3)  A 
iut«  conical  bony  projection,  the  psrramid  or  emiiieutia  j^yramidalis  (Fig.  583),  the 
imit  of  which  is  perforated  by  a  round  aperture  for  the  passage  of  the  tendon  of 
sta|>edius  muscle.  This  ai>erture  is  continued  downwards  and  backwards  as  a  canal 
ront  of  the  Fallopian  aqueduct,  and  frequently  opens,  by  a  minute  orifice,  on  the 
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Fio.  584. — 1^E^•T  Mkmbkan\  Tympani  and  Ukcessus  Epitympanicus,  viewed 
from  within.  The  liead  and  neck  of  the  malleus  have  l)eeu  removed  to 
show  the  membrana  tlaccida  and  the  tympano-malh*oIar  folds,      x  3. 
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base  of  the  skull  in  front  of  the  stylo-mastoid  foramen.  It  communicates  with  the 
Fallopian  aqueduct  by  one  or  two  small  foramina,  through  which  the  vessels  and  nerve 
pass  to  reach  the  stapedius  muscle.  A  minute  spicule  of  bone  often  extends  from  the 
pyramid  to  the  promontory  on  the  inner  wall  of  the  tympanum.  (4)  A  small  aperture, 
the  apertura  tsnnpanica  canalicnli  chordsB  (Fig.  584),  which  is  situated  immediately 
internal  to  the  posterior  edge  of  the  membrana  tympani,  nearly  on  a  level  with  the 
upper  end  of  the  manubrium  mallei,  and  transmits  the  chorda  tympani  nerve.  (5^ 
A  rounded  eminence,  the  prominentia  styloidea,  is  sometimes  seen  below  the  last; 
it  is  caused  by  the  upward  and  forward  prolongation  of  the  styloid  process. 

The  anterior  wall  (paries  carotica)  is  narrowed  in  its  transverse  diameter  W 
the  approximation  of  the  outer  and  inner  boundaries  of  the  cavity,  and  in  its 
vertical  diameter  by  the  descent  of  the  roof  and  ascent  of  the  carotid  canaL  It 
presents  (Fig.  583)  two  parallel  canals,  one  above  the  other,  separated  by  a  thin 
lamella  of  bone,  the  processus  cochleariformis  (septum  canalis  musculo-tubani). 
These  run  forwards  on  the  outer  wall  of  the  carotid  canal  and  open  in  the  angfe 
between  the  petrous  and  squamous  parts  of  the  temporal  bone.  The  higher  and 
smaller  of  the  two  is  termed  the  canal  for  the  tensor  tsnnpani  muscle  (semicanalis 
m.  tensoris  tympani),  and  lies  immediately  below  the  tegmen  tympani.  It  has  a 
diameter  of  about  2  mm.,  and  extends  on  to  the  inner  wall  of  the  tympanic  cavity 
above  the  anterior  part  of  the  fenestra  ovalis.  The  lower  and  larger  canal  gradu- 
ally increases  in  size  from  before  backwards,  and  forms  the  bony  part  of  the 
Eustachian  tube  (semicanalis  tubae  auditivse).  It  opens  on  the  anterior  wall  of  the 
tympanic  cavity  opposite  the  orifice  leading  into  the  mastoid  antrum.  Below  the 
orifice  of  the  Eustachian  tube  the  anterior  part  of  the  tympanic  cavity  is  separated 
from  the  ascending  portion  of  the  carotid  canal  by  a  thin  plate  of  bone  in  which 
there  are  sometimes  gaps  or  deficiencies.  It  is  perforated  by  a  small  canal,  the 
carotico-tympanic  canal,  which  transmits  the  small,  deep  petrosal  nerve  from  the 
sympathetic  plexus  of  the  carotid  artery  to  the  tympanic  plexus.  The  Eustachian 
tube  is  described  on  p.  753. 

The  outer  wall  (paries  membranacea)  is  formed  almost  entirely  by  the  mem- 
brana tympani  (Fig.  584),  which  closes  the  inner  extremity  of  the  external  auditorj 
meatus,  and  is  fixed  throughout  the  greater  part  of  its  circumference  in  a  groove, 
the  sulcus  tsnnpanicus.  The  bony  ring  containing  this  sulcus  is  deficient  superiorly 
where  it  exhibits  a  distinct  notch,  the  notch  of  Bivinus.  On  a  level  with  the  upper 
edge  of  the  membrane,  and  in  front  of  the  ring  of  bone  in  which  it  is  fixed,  is  the 
inner  end  of  the  Glaserian  fissure,  or  remnant  of  the  fissura  petro-tsrmpanica.  This 
transmits  the  tympanic  branch  of  the  internal  maxillary  artery,  and  lodges  the 
processus  gracilis  and  anterior .  ligament  of  the  malleus.  Close  to  the  inner 
extremity  of  the  fissure  is  the  canal  of  Hnguier,  or  iter  chords  anterins  through 
which  the  chorda  tympani  nerve  leaves  the  tympanum. 

Membrana  T3rmpani — This  is  an  elliptical  disc,  its  greatest  diameter,  9  to 
10  mm.,  being  directed  from  above  and  behind,  downwards  and  forwards,  whilst 
its  least  diameter  is  from  8  to  9  mm.  Its  antero-inferior  portion  inclines  markedly 
inwards,  and  thus  the  membrane  is  placed  very  obliquely,  forming  an  angle  of 
about  55""  with  the  lower  and  anterior  walls  of  the  external  auditory  meatus;  iU 
antero-inferior  part  is,  therefore,  most  distant  from  the  outer  orifice  of  the  meatua 
The  membrane  is  said  to  be  more  oblique  in  cretins  and  deaf  mutes,  and  more  per- 
pendicular in  musicians. 

The  circumference  of  that  portion  of  the  membrane  which  is  fixed  in  the  sulctB 
tympanicus  is  considerably  thickened,  and  is  named  the  annulus  fibro-cartilagiiwoi. 
It  is  prolonged  from  the  anterior  and  posterior  extremities  of  the  notch  of  Bivinus 
to  the  aliort  process  of  the  malleus  in  the  form  of  two  ligamentous  bands,  the 
anterior  and  posterior  malleolar  folds  or  ligaments  (plica  malleolaris  anterior  et 
posterior).  The  small  triangular  portion  of  the  membrane  (Fig.  584)  situated  abote 
these  folds  is  tliin  and  lax,  and  constitutes  the  pars  flaccida  or  membrane  of 
Shrapnell;  the  main  portion  of  the  membrane  is,  on  the  other  hand,  tightly 
stretched  and  termed  the  pars  tensa.  A  small  orifice,  sometimes  seen  in  the  pais 
flaccida,  is  probably  either  a  pathological  condition  or  has  been  artificially  pro- 
duced during  manipulation.     The  handle  of  the  malleus  is  firmly  fixed  to  the  inner 
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of  the  membrana  tympani  and  draws  its  central  portion  inwards,  rendering 
r  aspect  concave.  The  deepest  part  of  this  concavity  corresponds  with  the 
xtremity  of  the  handle  of  the  malleus,  and  is  named  the  umbo  membranse 
B  or  nayel. 

membrane  tympani  consists  of  three  layers :  (1)  external,  integumentary 
n  cutaneum)  ;  (2)  middle,  fibrous  (membrana  propria) ;  (3)  internal,  mucous 
n  mucosum). 

external  layer  (stratum  cutaneum)  is  continuous  with  the  integumentary 
)f  the  meatus,  and  consists  of  a  thin  layer  of  cutis  covered  by  epidermis, 
iis  is  thickest  near  the  circumference ;  the  epidermis,  on  the  other  hand,  is 
i  near  the  centre  of  the  membrane. 

middle  layer  (membrana  propria)  consists  of  two  sets  of  fibres :  (a)  external 
ul  (stratum  radiatum),  situated  immediately  under  the  integument,  and 
ig  from  the  handle  of  the  malleus  to  the  annulus  fibro-cartilagineus ; 
mal  or  drctUar  (stratum  circulare),  the  fibres  of  which  are  numerous 
le  circumference,  but  scattered  and  few  in  number  near  the  centre  of 
nbrane  (Fig.  584).  Both  radial  and  circular  fibres  are  absent  from  the  pars 
,  which  is  constituted  merely  by  the  apposition  of  the  cutaneous  and  mucous 

Gruber  pointed  out  that,  in  addition  to  the  radial  and  circular  fibres,  there 
lext  the  stratum  mucosum,  a  series  of  dendritic  or  branched  fibres,  which 
;  developed  in  the  posterior  part  of  the  membrane. 

internal  layer  (stratum  mucosum)  is  continuous  with  the  general  mucous 
>f  the  tympanum.  It  is  thicker  over  the  upper  part  of  the  membrane  than 
.  centre,  and  is  covered  by  pavement  epithelium. 

:opic  Examination  of  the  Tympanic  Membrane  (Fig.  585).— The  membrane,  in  the 
of  a  "pearl-gray  "  colour,  but  may  present  a  reddish  or  yellowish  tinge,  depending  upon 

ition  of  its  mucous  lining  and  on  the  condition  of  the  cutaneous  lining  of  the  meatus  ;  the 
segment  is  usually  clearer 

t  anterior.    At  the  antero- 

r.rt,  close  to  its  periphery, 
point  appears  as  if  piXK 
Dwaids  the  meatus ;  this  is 
t  process  of  the  malleus, 
iownwards  and  backwards 
s  point  to  the  umbo  is  a 
ised  by  the  handle  of  the    Haniiie  of  duUbiii 

the  lower  extremity  of 
appears  rounded.  Two 
>rresponding  with  the  tym- 
lleolar  folds,  extend  from 

process  of  the  malleus,  one 

and  upwards,  the  other 
is  and  upwards.  Behind, 
the  lower  extremity  of  the 
f  the  malleus,  is  a  reddish 
rish  spot,  due  to  the  promontory  of  the  inner  tympanic  wall  shining  through.  If  the 
le  be  very  transparent,  the  long  process  of  the  incus  may  be  visible  behind  the  upper 
le  handle  of  the  malleus,  and  reaching  downwards  as  far  as  its  middle.  From  the  lower 
he  handle  of  the  malleus,  the  "  cone  of  light "  or  "  luminous  triangle "  extends  down- 
id  forwards,  its  apex  being  directed  towards  the  handle ;  this  triangle  varies  in  size  in 
people.  A  line  prolonging  the  handle  downwards  divides  the  membrane  into  two  parts, 
other,  drawn  at  right  angles  to  this  through  the  umbo,  will  subdivide  it  inU^  four  quad- 
L  postero-superior,  postero-inferior,  antero-superior,  and  antero-inferior  ;  this  sulxiivision 

in  enabling  the  otologist  to  localise  and  describe  accurately  the  seat  of  lesions  in  the 
le. 

alar  and  Nervous  Supply  of  the  Membrana  Tympani.— The  arteries  are  arranged  in 
one  on  the  cutaneous  and  another  on  the  mucous  surface.  These  anastomose  by  means 
branches  which  pierce  the  membrane,  especially  near  its  i)eriphery.  The  first  set  is 
irived  from  the  aeep  auricular  branch  of  the  internal  maxillary,  whilst  thase  on  the 
urface  are  small  and  proceed  from  the  tym})anic  branch  of  the  internal  maxillary,  and 
stylo-mastoid  branch  of  the  posterior  auricular.  Tlie  veins  from  the  cutaneous  surface 
)  the  external  jugular ;  those  from  the  inner  surface  partlv  into  the  venous  plexus  on 
ichian  tube,  and  partly  into  the  lateral  sinus  and  veins  oi  the  dura  mater.  The  outer 
f  the  membrane  receives  its  nerves  from  the  auriculo-temporal  branch  of  the  fifth  and 
auricular  branch  of  the  vagus  ;  the  inner  surface,  from  the  nerve  of  Jacobeon  (tympanic 
f  the  glosso-pharyngeal).     The  lymphatics,  like  the  blood-vessels,  are  arran^ged  m  \.^q 


Meinbraijm  JlitErcMa 
Antisrioi-  tycti|mTir>' 


Ant*rO'(nfetior 
qiufdrant 


Posterior  ty  mpanc 

malleolar  fold 

Short  process  of 

malleus 

Long  process  of 

incus 

Po«t«»ro-8Uperior 
quadrant 

Postero-inferior 
quadrant 

Cone  of  light 


FiQ.  685. — Left  Tympanic  Membrane  (as  viewed  from  the  external 
auditory  meatus),      x  3. 


752  THE  ORGANS  OF  SENSE. 

sets,  cutaneous  and  mucous,  wliich,  however,  communicate  freely  with  each  other.    Ke«el  hii 
described  as  lymj)batiiy  the  spaces  between  the  branches  of  Gruber's  dendritic  fibrea 

The  inner  wall  of  the  tympanic  cavity  (paries  labyrinthica)  is  formed  by  the 
outer  surface  of  the  internal  ear  or  labyrinth  (Fig.  583).     It  presents — (1)  a  rounded 
eminence,  the  promontory  (promontorium),  which  is  caused  by  the  first  coil  of  the 
cochlea,  and  is  grooved  for  the  tympanic  plexus  of  nerves.     (2)  An  oval  or  some- 
what reniform  opening,  the  fenestra  ovalis  sen  vestibnli,  which  is  situated  above 
and  bi.'ihind  the  promontory,  with  its  long  axis  directed  from  before  backwarJi 
It  measures  3  mm.  in  length  and  li  mm.  from  above  downwards,  and  lies  at  the 
bottom  of  a  funnel-shuped  recess,  the  fossula  fenestrse  vestibulL     In  the  macerated 
l)one  it  leads  into  the  vestibule  of  the  labyrinth,  but  is  closed  in  the  recent  sute 
by  the  foot  of  the  stapes,  surrounded  by  its  ligamentmn  annulare.     (3)  An  elevation, 
the  prominentia  canalis  facialis,  which  is  situated  above  the  fenestra  ovalis,  in  the 
recess  us  opitympanicus.     This  indicates  the  position  of  the  upper  part  of  the 
aqueduct  of  Fallopius,  which  contains  the  facial  nerve  and  is  continued  backwards 
and    do^vnwa^d8    behind    the    tympanic    cavity,   to   end    at    the   stylo  -  mastoid 
foramen.     (4)  The  processus  cochleariformis,  or  septum  canalis  musculo-tuharii; 
this  process  extends  backwards,  above  the  anterior  end  of  the  fenestra  ovalis,  where 
it  makes  a  sharp  outward  curve,  and  forms  a  pulley  over  which  the  tendon  of  the 
tensor  tympaui  muscle  plays.     (5)  A  funnel-shaped  recess,  the  fossula  feneitn 
cochlea,  which  is  situated  Ijehind  and  below  the  promontory,  and  almost  hidden  by 
its  overhanging  edge.     It  leads  forwards,  upwards,  and  inwards  to  an  irregularly 
oval  opening,  termed  the  fenestra  rotunda  seu  cochlesB,  which  in  the  macerated  bone 
communicates  with  the  cochlea,  but  in  the  recent  state  is  closed  by  a  membrane, 
the  membrana  tympani  secundaria.     This  membrane  appears  angularly  bent  along  a 
line  joining   its  antero-inferior  two-thirds  with   the  postero-superior   third.    It 
consists  of  three  layers :  (a)  external,  continuous  with  the  mucous  lining  of  the 
tympanum   and  containing  a  network  of  capillaries;   (6)    middle,   or  substantia 
propria,  the  fibres  of  which  radiate  chiefly  towards  the  periphery  of  the  membraDe 
— some  branched,  dendritic  fibres  are  also  present;  (c)  tn^ernoZ,  continuous  with 
the  epithelial  lining  of  tlie  labyrinth.     (6)  Between  the  fenestra  ovalis  alx)veand 
the  fossula  rotunda  below  is  a  small  circular  depression,  the  sinus  tympani,  which  is 
piTforated  by  one  or  two  minute  foramina  for  blood-vessels,  and  indicates  the 
position  of  the  ampuUated  extremity  of  the  posterior  semicircular  canal. 

Mastoij)  Antrum  and  Mastoid  Air-cells. 

The  mastoid  antrum  (antrum  mastoideum  seu  tymjjanicum)  is  seen  in  the  tem- 
poral bone  at  Ijirth  as  a  cavity,  having  a  vertical  measurement  of  7-9  mm.  and  a 
iransverse  of  9-11  mm.,  and  is  nearly  as  large  in  the  newly-born  child  as  in  the  ! 
adult.     Koofed  in  by  the  tegmen  tympani,  its  floor  and  inner  wall  are  formed  br 
the  petro-miLstoid,  while  externally  it  is  closed  by  the  junction  of  the  thin  outer  , 
part  of  the  squama  with  the  pars  mastoidea.     It  communicatijs  with  the  epitympank 
recess  by  a  triangular  or  rounded  opening,  on  the  inner  wall  of  which,  immediately 
above  and  behind  the  canalis  facialis,  is  a  smooth,  convex  area  of  bone  indicating  the 
position  of  the  ampullated  extremities  of  the  suj>erior  and  external  semicircohff 
canals.     At  birth  its  outer  wall  has  a  thickness  of  only  1-2  mnL,  but  by  the  ninth 
year  this  has  increased  to  about  10  mm.     Coincident  with  the  growth  of  the 
mastoid  process  the  mastoid  air-cells  are  developed  downwards  and  backwards  as 
diverticula  from  the  antrum,  and  present  the  greatest  possible  variations  in  different 
skulls.     They  may  be  large,  comparatively  few  in  numlier,  and  involve  the  whole 
process,  in  which  case  the  compact  bone  which  surrounds  theui  is  extremely  thin, 
and  the  innermost  cells  are  only  st»parated  by  a  transparent  lamella  from  the  lateial 
sinus — a  lamella  which,  in  some  instances,  is  partly  deficient.     In  other  cases  the 
cells  may  1)0  small  and  numerous,  only  invading  a  portion  of  the  process,  the  remainder 
consisting  of  diploetic  tissue.     No  definite  conclusion  can  be  come  to  as  to  thfflr 
condition  by  external  percussion  or  examination.     A  solid  process  is  oocasionally 
seen.     The  air-cells  are  not  limited  to  the  mastoid  process,  but  extend  forwaids 
over  the  roof  of  the  meatus,  upwards  towards  the  w^uama,  and  inwards  towards  Ab 
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mpoTO-occipital  suture,  whilst  in  a  few  csaes  they  are  seeu  to  invade  the  pars 
gularis  of  the  occipital  bone.  They,  together  with  the  antrum,  are  lined  by  thin 
ucous  membrane  continuous  with  that  of  the  tympanic  cavity ;  the  deep  surface 
the  mucous  membrane  is  firmly  fixed  to  the  periosteum,  while  its  free  surface  is 
)vered  by  a  layer  of  flattened,  non-ciliated  epithelium. 


phsLryughft 


Eustachian  Tube. 

The  Eustachian  tube  (tuba  auditiva  Eustachii)  leads  from  the  tympanic  cavity  to 
[lenaso-pharynx,  and  transmits  air  to  the  former,  in  order  that  the  pressure  on  the 
mer  and  outer  surfaces  of  the  membrana  tympani  may  be  equalised ;  it  may  also 
»rve  to  convey  mucous  secretion  away  from  the  tympanic  cavity.  Its  outer 
xtaremity,  the  OBtium  tympanicum  tnba  auditivs  (Fig.  583),  opens  into  the  anterior 
art  of  the  tympanic  cavity  below  the  canal  for  the  tensor  tympani  muscle. 
Hiected  downwards  and  inwards,  the  tube  ends  on  the  upper  part  of  the  naso- 
(haiynx  by  a  wide  orifice,  the  ostium  pharyngeum  tubs  aucUtivs  (Fig.  555).  It 
neasures  about  an  inch  and  a  half  (36  mm.) 
Q  length,  and  forms  with  the  horizontal 
•lane  an  angle  of  30°  to  40'', with  the  sagittal 
(lane  an  angle  of  about  45"^,  and  with  the 
lony  part  of  the  external  meatus  one  of 
35°  to  140°.  It  consists  of  two  portions : 
s)  an  antero-internal,  fibro-cartilaginous 
•art,  the  pars  cartilaginea  tubsB  auditivsB, 
aving  a  length  of  about  one  inch;  and 
h)  a  postero-external,  osseous  part,  the 
in  ossea  tubsB  auditivs,  measuring  half 
n  inch  in  length.  The  two  portions  are 
ot  in  the  same  plane,  the  cartilaginous 
art  inclining  downwards  a  little  more 
lan  the  osseous  portion,  and  forming  with 
a  wide  angle.  Its  lumen  is  widest  at 
le  ostium  pharyngeum,  narrowest  at  the 
mction  of  the  bony  and  cartilaginous 
3rtions,  ibrming  here  the  isthmus,  and 
^in  expanding  towards  the  tym^mnic 
ivity ;  hence  it  presents,  on  longitudinal 
!ction,  somewhat  the  apjHjarance  of  an 
^ur-glass.  The  pars  ossea  occupies  the 
agle  between  the  squamous  and  petrous  parts  of  tlie  temporal  bone,  and  is  separated 
y  the  processus  cochleariformis  from  the  canal  containing  the  tensor  tympani  muscle, 
'hikt  immediately  to  its  inner  side  is  the  carotid  canal.  The  pars  cartiluginea  con- 
ists  partly  of  cartilage  and  partly  of  fibrous  membrane.  The  cartilage  (cartilago 
ubaj  auditivje)  presents  the  form  of  an  elongated  triangular  plate,  of  whicli  the  apex 
J  firmly  attached  to  the  inner  end  of  the  pars  ossea,  while  the  base  is  I'rce,  and  fnnns 
.  projection  on  the  upper  and  posterior  aspects  of  the  pliaryngeal  orifice.  The 
ipper  edge  of  this  cartilaginous  plate  is  bent  outwards  in  the  form  of  a  hook,  and 

0  produces  a  furrow  open  below  and  externally,  the  furrow  being  converted  into 

1  complete  canal  by  the  fibrous  part  of  the  tube.  On  transverse  section  (Fig.  586) 
he  cartilage  presents  two  laminte  continuous  with  eacli  otlier  superiorly :  (jf) 
amina  medialis,  broad  and  tliick ;  and  (6)  lamina  latendU,  thin  and  hook-sliaped. 
It  the  ostium  pharyngeum  the  lamina  medialis  forms  the  entire  inner  wall  of  tlie 
abe,  but  it  gradually  diminishes  in  breadth  on  a])proaching  the  isthmus  tulw. 
Insures  are  often  seen  in  the  cartilage ;  sometimes  it  is  completely  separated  into 
jveral  pieces,  or  accessory  islands  may  be  observed  in  the  roof,  floor,  or  membranous 
irt 

The  upper  and  inner  asj)ects  of  the  cartilage  are  firmly  fixed  to  the  ])ase  of  the 
[uU,  where  it  lies  in  a  groove,  the  sulcus  tnb»  auditivs,  situated  between  the  gce^.t 
ing  of  the  sphenoid  and  the  petrous-temporaL    Extending  lotwaiA.'A  o\\  Vo  N\\^ 
b2 


Fro.  580. — Traxsveuse  Section  of  thk 
Caktilaginoi's  Kvkt  of  the  Eustachian  TrnK. 
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root  of  the  x^terygoid  process  this  sulcus  ends  at  a  projectioD,  the  proeassiiB  tobtrai 
on  the  middle  of  the  internal  pterygoid  plate.  The  tensor  palati  muscle  lies  tc 
the  outer  side  of  the  tube  and  receives  some  fibres  of  origin  from  its  lamiiu 
lateralis;  these  fibres  constitute  the  dilator  tubsB  mnscle  of  EUdinger.  To  th 
inner  side  of  the  cartilage  are  found  the  levator  palati  and  the  mucous  membram 
of  the  pharynx.  The  membranous  part  (lamina  membranacea)  consists  of  a  stronji 
fibrous  membrane,  stretching  between  the  two  edges  of  the  cartilage,  and  so  com- 
pleting the  under  and  outer  parts  of  the  canal.  Thin  above,  it  becomes  thickened 
below  and  forms  the  fiEiscia  salpingo-pharyngea  of  Troltsch,  which  gives  origin  u 
some  of  the  fibres  of  the  tensor  palati  muscle.  Between  this  fascia  and  the  mucoo! 
lining  of  the  tube  is  a  layer  of  adipose  tissue. 

The  pharyngeal  orifice  of  the  Eustachian  tube  (ostium  pharyngeum  tuba-),  tri- 
angular or  oval  in  shape,  is  situated  on  the  lateral  wall  of  the  naso-phaiynx,  the 
centre  of  the  opening  being  on  a  level  with  the  posterior  end  of  the  inferior  tur- 
binated bone.  It  is  bounded  above  and  behind  by  a  pad  or  cushion  produced  bj 
the  inner  end  of  the  cartilage,  which  here  abuts  against  the  mucous  membrtne 
The  posterior  part  of  this  cushion  is  very  prominent  and  forms  the  anterior  boundaij 
of  the  fossa  of  Bosenmiiller.  Prolonged  downwards  from  it  is  an  elevatioii 
of  tlie  mucous  membrane,  termed  the  plica  salpingo-pharsrngea,  which  covers  the 
small  salpingo-pharyngeus  muscle.  From  the  upper  part  of  the  cushion  an  indis- 
tinct fold,  the  plica  salpingo-palatina,  extends  to  the  palate. 

Tlie  mucous  lining  of  the  tube  is  continuous  behind  with  that  of  the  tympanit 
cavity,  and  in  I'ront  with  that  of  the  naso-pharynx.  It  is  thin  in  the  pars  oss« 
contains  few,  if  any,  mucous  glands,  and  is  firmly  fixed  to  the  bony  wall ;  whilst  ii 
the  pars  cartilaginea  it  is  loose  and  thrown  into  longitudinal  folds.  Numeroui 
mucous  trlauds  open  into  the  tube  near  its  pharyngeal  orifice,  and  here  also  then 
exists  a  considerable  amount  of  adenoid  tissue,  which  constitutes  the  "  tube-toosil' 
of  Gerlach.  This  adenoid  tissue  is  continuous  with  that  of  the  naso-pharynx,  and 
like  it,  is  especially  well  developed  in  children.  The  lumen  of  the  tube  is  linei 
with  ciliated  columnar  epithelium. 

The  tube^  is  opened,  during  deglutition,  by  the  dilator  tubse  and  salpingo 
pharyngeus  muscles.  The  former  springs  superiorly  from  the  cartilaginous  hook  a 
the  tube,  and  blends  inferiorly  with  the  tensor  palati.  When  the  dilator  tube 
ccmtracts,  the  cartilaginous  hook  and  membranous  part  of  the  tube  are  drawn  out- 
wards and  forwards.  Some  anatomists  are  inclined  to  tbe  view  that  the  entin 
tensor  palati  acts  chiefly  as  a  dilator  of  the  tube,  and  EUdinger  has  named  it  the 
abductor  tulxe.  The  salpingo-pharyngeus  muscle  draws  downwards  and  back- 
wards the  inner  cartilaginous  plate,  increasing  the  angle  between  it  and  the  outer 
plate.  Some  di  fibre  nee  of  opinion  exists  as  to  the  precise  action  of  the  levator 
palati ;  probably  it  assists  in  o^Mjuing  the  tube. 

The  Eustachian  tul)e  roceivca  ite  blood-supply  from  the  ascending  phar3rngeal  artery  and 
from  the  middle  meningeal  and  Vidian  brancnes  of  the  internal  maxillary  artery.  Ita  veini 
form  a  network  which  opens  into  the  pterygoid  venous  plexus.  The  sensory  nerves  of  the  tnbe 
are  derived  from  the  tymjjanic  plexus  and  from  the  pharyngeal  branches  of  the  second  division  of 
the  tifth  cranial  nerve. 

The  tube  of  the  child  differs  considerably  from  that  of  the  adult ;  its  lumen  is  rektivelT 
wider,  its  direction  more  horizontal,  and  its  pars  ossea  relativelv  shorter.  Kunkel  states  that  iti 
pharyngeal  orifice  is  below  the  level  of  the  hard  palate  in  the  fcctus ;  at  birth  it  is  on  the 
same  level  as  the  }>alate,  whilst  at  the  fourth  year  it  is  3  to  4  mm.,  and  in  the  adult  10  mm.,  abov« 
it.  The  pharyngeal  orifice  forms  a  narrow  fissure,,  and  its  cartilage  projects  less  towaids  llw 
middle  line. 

Tympanic  Ossicles. 

The  t3rmpanic  ossicles  (ossicula  auditus)  form  an  articulated  column  connecfr 
ing  the  outer  with  the  inner  wall  of  the  tympanic  cavity,  and  are  named,  froD 
without  inwards,  the  malleus  or  hammer,  the  incus  or  anvil,  and  the  stapes  a 
stirrup.  The  first  is  attached  to  the  inner  surface  of  the  membrana  tympani ;  tb 
liist  is  fixed  within  the  circumference  of  the  oval  fenestra. 

The  malleus  (Fig.  587,  B,  D),  the  largest  of  the  three  ossicles,  has  a  length  c 
8  to  9  mm.,  and  consists  of  a  head  (ea\)i\i\xlum  mallei),  a  neck  (collum  mallei),  and  > 
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landle  (manubrium  mallei),  together  with  two  processes,  viz. :  (a)  processus  longus 
leu  anterior,  (b)  processus  brevis  seu  lateralis.  The  head  and  neck  are  situated  in 
;he  epitjmpanic  recess ;  the  processus  brevis  and  manubrium  are  fixed  to  the  inner 
lurface  of  the  membrana  tympani ;  whilst  the  processus  longus  is  directed  forwards 
x>wards  the  Glaserian  fissure,  to  which,  in  the  adult,  it  is  connected  by  ligamentous 
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Fig.  587. — Tympanic  Ossicles  of  Lbft  Ear  (enlarged  about  three  times). 

Ji,  Incus,  seen  from  the  front ;  B,  Malleus,  viewed  from  behind  ;  C,  Incus,  and  D,  Malleus,  seen  from  inner 

aspect ;  £,  Stapes. 


'1.  Body  of  incus,  with  articular 
sur&ce  for  head  of  malleus. 

2.  Processus  longus. 

3.  Processus  lenticularis. 

4.  Articular  surface  for  incus. 
y  Head. 

<J.  Neck. 


7.  Processus  brevis. 

8.  ManubriuDL 

9.  Body. 

10.  Short  process. 

11.  Ix)njj  process. 

12.  Processus  longus. 

13.  Head. 


14.  Facet  for  inciui. 
lf».  Manubrium. 
IH.  Head. 

17.  Neck. 

18.  Crus  anicrius. 

19.  Crus  posteriiLs. 

20.  Foot-plate. 


The  head,  somewhat  rounded,  is  smooth  and  convex  above  and  in  front,  and 
pesents,  on  its  posterior  aspect,  a  facet  for  articulation  with  the  body  of  the  incus. 
Tlis  facet  is  directed  obliquely  downwards  and  inwards,  and  reaches  slightly  on  to 
its  mesial  surface.  More  or  less  elliptical  in  form,  it  is  constricted  near  the  middle 
■oas  to  resemble,  somewhat,  the  figure  8 ;  an  oblique  ridge,  corresponding  with  the 
constriction,  dividers  the  facet  into  two  parts — an  upper  and  larger,  directed  back- 
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Vards,  and  a  lower  and  lesser,  directed  inwards.  Opposite  the  lower  part  of  the 
Umstriction  the  inferior  edge  of  the  facet  is  very  prominent,  and  is  continued  up- 
'nkrds  into  the  oblique  ridge  just  referred  to ;  it  forms  a  tooth -like  process,  the  spur 
IT  cog-tooth  of  the  malleus.  On  the  back  of  the  head,  l)elow  this  spur,  is  an  oblique 
srsBt,  the  crista  mallei,  to  which  is  attached  the  external  ligament  of  the  malleus. 
rhe  neck  is  the  slightly  constricted  portion  immediately  below  the  head.  Flattetved 
rom  before  backwards,  its  outer  surface  is  directed  towards  the  mexnfexaTi^  ^^'c^K^'a., 
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whilst  its  inner  is  crossed  by  the  chorda  tympani  nerve.  The  handle  is  dire 
downwards,  inwards,  and  backwards  from  the  neck,  forming  with  the  long  axi 
the  head  an  angle,  opening  inwards,  of  126°  to  150°.  Its  upper  part  is  flatt< 
from  before  backwards,  but  towards  the  lower  end  it  is  twisted  on  itself,  so  tha 
surfaces  look  outwards  and  inwards ;  moreover,  the  lower  end  is  slightly  cu: 
the  concavity  being  directed  forwards  and  outwards.  It  is  fixed,  along  its  ei 
length,  to  the  membrana  propria  of  the  tympanic  membrane  by  its  periosteum 
by  a  layer  of  cartilage  (Gruber).  This  latter  intervenes  between  the  handle 
the  membrane,  and  must  be  regarded  as  a  residue  of  that  stage  of  development  \ 
the  entire  malleus  was  cartilaginous.  On  the  inner  aspect  of  the  handle,  ne« 
upper  extremity,  a  slight  projection  for  the  attachment  of  the  tendon  of  the  U 
tympani  muscle  may  be  seen.  The  long  process  is  a  slender  spicule  springing 
the  fore-part  of  the  neck  and  directed  forwards  towards  the  Glaserian  fissure, 
the  fttjtus  it  constitutes  the  longest  process  of  the  malleus  and  is  directly  contin 
with  Meckel's  cartilage.  In  the  adult  it  usually  assumes  the  form  of  a  small 
jection,  since  its  anterior  part  is  represented  merely  by  fibrous  tissue.  The  i 
process  may  be  looked  upon  as  the  upper  extremity  of  the  handle  projected 
wards ;  it  is  fixed  to  the  upper  part  of  the  membrana  tympani  by  the  cartilagi 
layer  already  referred  to,  and  to  the  extremities  of  the  notch  of  Kivinus  bj 
anterior  and  posterior  malleolar  folds. 

The  incus  (Fig.  587,  A,  C)  is  best  likened  to  a  bicuspid  tooth  with  wi 
divergent  fangs.  It  consists  of  a  body  (corpus  incudis),  a  long  process  (cms  long 
and  a  short  process  (crus  breve) ;  the  two  processes  form  with  each  other  an  ang 
90 '  to  100'.  The  body  and  short  process  are  situated  in  the  epitympanic  tc 
The  body  presents  a  more  or  less  saddle-shaped  surface  for  articulation  with 
head  of  the  malleus.  This  surface  is  directed  forwards,  and  its  lower  pa 
hollowed  out  for  the  accommodation  of  the  cog-tooth  of  the  malleus.  In  fro; 
this  hollow  it  is  prominent  and  spur-like.  The  short  process  is  thick,  trian( 
in  shape,  and  projects  horizontally  backwards ;  its  conical  extremity,  covered 
cartilage,  articulates  with  the  fossa  incudis  in  the  postero-inferior  part  of 
epitympanic  recess.  The  long  process  projects,  almost  perpendicularly,  downv 
from  the  body  into  the  tympanic  cavity,  where  it  lies  parallel  with,  but  IJ 
behind  and  internal  to,  the  handle  of  the  malleus.  Its  lower  end  is  bent  iin» 
and  narrowed  to  form  a  short  neck,  on  the  inner  extremity  of  which  is  a  small  I 
of  Ixnie,  the  processus  lenticularis,  for  articulation  with  the  head  of  the  at 
Until  the  sixth  month  of  foetal  life  this  process  exists  as  a  separate  ossicle,  tei 
the  OS  orbiculare. 

The  stapes  (Fig.  587,  E)  presents  a  head  (capitulum  stii^xidis),  a  neck  (cd 
stapedis),  two  crura  (crus  anterius  et  posterius),  and  a  base  or  foot-plate  (1 
sta})edis).  The  head,  directed  outwards,  is  concave  externally  for  articola 
witli  the  proct'ssus  lenticularis  of  the  incus.  The  neck  is  the  slightly  constri 
part  immediately  internal  to  the  head,  and  from  it  the  two  crura  sprii^; 
tendon  of  the  stapedius  muscle  is  inserted  into  the  posterior  aspect  of  the  neck, 
anterior  crus  is  shorter  and  less  curved  than  the  posterior.  Diverging  from  < 
other,  the  crura  are  directed  inwards  and  are  attached — one  near  the  anterior, 
other  near  the  posterior  end  of  the  foot-plate.  The  foot-plate  almost  compk 
fills  the  oval  fenestra,  and,  like  it,  is  somewhat  oval  or  reniform,  its  anterior 
being  the  more  pointed.  In  the  recent  condition  a  membrane  fills  the  arch  for 
by  the  crura  and  the  foot-plate,  the  crura  l)eing  grooved  for  its  reception.  In 
child  the  crura  of  the  stapes  are  less  curved  than  in  the  adult,  and  the  ope 
bounded  by  them  and  the  foot-plate  is  nearly  triangular. 

Articulations  of  the  Tympanic  Ossicles. — The  joint  between  the  head  of 
malleus  and  the  body  of  the  incus  (articulatio  incudomalleolaris)  is  diarthro 
and  may  be  described  as  one  of  reciprocal  reception.  It  is  surroundeil  by  a  cap 
ligament,  from  the  inner  surface  of  which  a  wedge-shaped  meniscus  projects  int4 
joint  cavity  and  incompletely  divides  it.  The  articulation  of  the  processus  I 
cularis  and  the  capitulum  stapedis  (articulatio  incudostapedia)  is  of  the  natu! 
ail  enarthrosis  and  is  surrounded  by  a  capsular  ligament.  An  interarticular  c 
lage  has  been  described  as  occurTuig  in  this  joint,  while  some  observeiB  den; 
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resence  of  a  synovial  cavity  and  regard  the  articulation  as  a  syndesmosis,  the 
rticular  surfaces  being  held  together  merely  by  fibrous  tissue. 

Ldgaments  binding  the  Ossioles  to  the  Walls  of  the  Tympanic  Cavity  (lig. 
Bsiculorum  auditus). — The  malleus  is  attached  to  the  walls  of  the  tympanum  by 
hree  ligaments  (Fig.  588),  viz.  anterior,  superior,  and  external.  The  anterior  liga- 
aent  (lig.  mallei  anterius)  consists  of  two  portions :  (a)  the  band  of  Meckel,  which  is 
-ttacbed  to  the  base  of  the  processus  longus,  and  passes  forwards  through  the 
jlaserian  fissure  to  reach  the  spine  of  the  sphenoid ;  it  represents  the  remnant  of  a 
lortion  of  Meckel's  cartilage,  and  was  formerly  described  as  the  laxator  tympani 
nuscle;  (6)  a  firm  bundle  of  fibres,  the  lig.  mallei  anterius  of  Helmholtz,  which 
utends  from  the  spina  tympanica  posterior  at  the  anterior  boundary  of  the  notch 
if  Eivinus  to  the  anterior  aspect  of  the  malleus,  above  the  base  of  the  processus 
ongos.  The  Buperior  ligament  (lig.  mallei  superius)  extends,  almost  vertically, 
3om  the  head  of  the  malleus  to  the  roof  of  the  epitympanic  recess.  The  external 
iisament  (lig.  mallei  laterale)  is  short  and  fan-shaped ;  its  fibres  converge  from  the 
posterior  half  of  the  notch  of  Eivinus  to  the  crista  mallei.  The  posterior  part  of 
this  ligament  is  strong  and  constitutes  the  ligamentum  mallei  posiicum  of  Helm- 
koltz.  It  forms,  together  with  the  Ugamentum  mallei  anterius,  the  axis  around 
which  the  malleus  rotates,  and  the  two  constitute  what  Helmholtz  has  termed  the 
"azis-Iigament "  of  the  malleus. 

The  posterior  extremity  of  the  crus  breve  of  the  incus  is  tipped  with  cartilage 
and  fixed  by  means  of  a  ligament,  the  ligamentum  incudis  posterius  (Fig.  588),  to  the 
fossa  incudis.  Some  observers  describe  this  as  a  diarthrodial  joint.  A  superior 
ligament,  the  ligamentum  incudis  superius,  is  sometimes  present,  but  consists  mainly 
of  a  fold  of  mucous  membrane.  The  vestibular  surface  and  the  circumference  of 
the  foot  of  the  stapes  are  covered  by  hyaline  cartilage,  and  a  similar  layer  lines 
the  opening  of  the  fenestra  ovalis ;  that  encircling  the  base  of  the  stapes  is  joined 
to  that  which  lines  the  fenestra  by  a  dense  ring  of  elastic  fibres,  named  the 
Bcamentnm  annulare  baseos  stapedis.  The  posterior  fibres  of  this  annular  ligament 
are  thicker  and  shorter  than  the  anterior,  and  thus  the  anterior  end  of  the  foot- 
plate is  free  to  make  greater  excursions,  during  the  movements  of  the  bone,  than 
the  posterior. 

Development  of  the  Tympanic  Ossicles. — It  is  generally  maintained  that  the 
Qalleus  and  incus  are  developed  from  the  upper  end"  of  MeckePs  cartilage,  and  that  the 
tapes  arises  from  the  mesoblast  in  the  region  of  the  fenestra  ovalis  where  it  is  developed 
round  a  small  artery,  the  stapedial  artery,  which  atrophies  in  man,  but  persists  in  many 
^mmals.  On  the  other  hand,  Gadow  (Phil.  Tran^.,  London,  vol.  clxxix.)  says  *'  the  whole 
jTstem  of  the  one  to  four  elements  of  the  middle  ear,  which  have  all  the  same  function, 
I  to  be  looked  upon  as  one  organ,  of  aiie  common  origin,  viz.  a  modification  of  the  hyo- 
landibula,  the  proximal  paramere  of  the  second  visceral  arch." 

Muscles  of  the  Tympanic  Cavity. — These  are  two  in  number,  viz.  m.  tensor 
yinpani  and  m.  stapedius. 

The  m.  tensor  tympani  is  the  larger,  and  takes  origin  from  the  roof  of  the  carti- 
aginous  part  of  the  Eustachian  tube  and  from  the  adjacent  part  of  the  <»reat  wing  of 
ibe  sphenoid.  It  also  receives  some  fibres  from  the  bony  canal  in  whic  h  it  lies,  and 
inds  in  a  tendon  which  bends  outwards,  nearly  at  a  right  angle  to  the  belly  of  the 
nuscle,  round  the  pulley -like,  posterior  extremity  of  the  processus  cochleariforniis. 
Passing  across  the  cavity  of  the  tympanum  this  tendon  is  inserted  into  the 
vHner  edge  and  anterior  surface  of  tlie  manubrium  mallei,  near  its  upper  end. 
When  the  muscle  contracts  it  draws  inwards  the  handle  of  the  malleus,  and  so 
tenders  tense  the  membrana  tympani ;  it  probably  also  slightly  rotates  the  malleus 
iround  its  long  axis.  It  receives  its  nerve  from  the  motor  division  of  the  fifth 
irauial  nerve  through  the  otic  ganglion. 

The  m.  stapedius  arises  witliin  the  pyramid,  and  from  the  canal  which  prolongs 
he  hollow  of  the  pyramid  downwards.  Its  tendon  emerges  from  the  apex  of  the 
»yramid  and  is  inserted  into  the  i)osterior  surface  of  the  neck  of  the  stapes. 
)n  contraction  it  draws  back  the  head  of  the  sta^K^s,  and  so  tilts  the  anterior  end  of 
ie  foot-plate  outwards  towards  the  tymi)anic  cavity  and  the  poalmoi  ^\i^  w«wc^^ 
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towards  the  labyrinth,  thus  rendering  tense  the  ligamentum  annulare — the  outward 
movement  of  the  anterior  end  of  the  loot-plate  being  greater  than  the  inward  move- 
ment of  its  posterior  end.     The  muscle  is  supplied  by  the  facial  nerve. 

Movements  of  the  Tympanic  Ossicles. — The  manubrium  mallei  follows  all  the 
movements  of  the  membrana  tympaui,  while  the  malleus  and  incus  move  together  arouud 
an  axis  extending  forwards  through  the  short  process  of  the  incus  and  the  anterior 
ligameut  of  the  malleus.  When  the  membrana  tyuipani  moves  inwards  it  carries  with  it 
the  handle  of  the  malleus,  and  the  incus,  moving  inwanls  at  the  same  time,  forces  the  foot 
of  the  stapes  towards  the  hibyrintli.  This  inward  movement  is  communicated  to  the  fluid 
(perilymph)  in  the  labyrinth,  and  causes  an  outward  bulging  of  the  secondary  tympuiic 
membrane,  which  cluses  the  fenestra  rotunda.  These  movements  are  reversed  when  the 
membnina  tympani  is  relaxed,  unless  the  outward  movement  of  the  membrane  be  excetdTe. 
In  such  a  condition  the  incus  does  not  follow  the  full  outward  movement  of  the  malleus, 
but  merely  glides  on  this  bone  at  the  incudo-malleolar  joint,  and  thus  the  fwcible 
dragging  of  the  foot  of  the  stapes  out  of  the  fenestra  ovalis  is  prevented.  The  cog-tooth 
arrangement,  already  described,  on  the  head  of  the  malleus  and  body  of  the  incus,  causes 
the  incudo-malleolar  joint  to  become  locked  during  the  inward  movements  of  the  haudle 
of  the  malleus,  the  joint  becoming  unlocked  during  its  outward  movements. 

Mucous  Lining  of  the  Tjrmpanic  Cavity  (tunica  mucosa  tympanica). — This  is 
continuous,  through  the  Eustachian  tube,  with  that  of  the  naso-pharynx ;  it  also 
extends  backwards  and  lines  the  mastoid  antrum  and  air-cells.  Thin,  transiianent. 
and  closely  united  with  the  subjacent  ])eriostcum,  it  covers  the  inner  aspect  of  the 
membrana  tympani  and  is  reflected  over  the  ossicles  and  their  ligaments.  It  also 
supplies  sheaths  for  the  tendons  of  the  tensor  tympani  and  stapedius  muscles,  and 
forms  tht^  following  mucous  folds,  viz. :  (a)  one  from  the  roof  of  the  epitympanic 
recess  to  the  lu*ad  of  tlu»  malleus  and  body  of  the  incus ;  (b)  one  enveloping  the 
chorda  tympani  nerve  and  long  process  of  the  incus ;  (c)  two  extending  from  the 
short  process  of  the  malleus — one  to  the  anterior,  the  other  to  the  posterior  maigin 
of  the  notch  of  Bivinus.  A  recess,  the  pouch  of  Prossak,  is  situated  between  the 
membrana  flaccida  and  the  neck  of  the  malleus.  Commimicating  behind  with  the 
tympanic  cavity,  this  pouch  may  serve  as  a  reservoir  to  confine  pus  or  other  fluid, 
since  its  opening  into  the  tympanum  is  al>ove  the  level  of  its  floor,  a  condition 
analogous  to  the  opening  from  the  antrum  of  Highmore  into  the  nasal  cavity.  The 
fold  of  mucous  membrane  which  extends  downwards  to  envelop  the  chorda  tympani 
nerve  gives  rise  to  two  pouches,  one  in  front  of,  and  the  other  behind,  the  handle 
of  the  malleus ;  these  are  named  the  anterior  and  posterior  recesses  of  TMtai 
The  epithelium  which  lines  the  mucous  membrane  is  flattened  over  the  membnu 
tympaui,  promontory,  and  ossicles,  but  ciliated  and  columnar  over  the  greater 
portion  of  the  rest  of  the  cavity. 

The  chorda  tympani  branch  of  the  facial  nerve  passes  from  behind,  upwards, 
and  forwards  through  the  t}Tnpanic  cavity.     Its  course  is  described  on  p.  687. 

Vessels  and  Nerves  of  the  Tympanic  Oavity.— The  arteries  which  supply  the  tymptnie 

Givity  .iFf  :  (1)  The  tympanic  artery,  a  branch  of  internal  maxillary,  which  reaches  the  lavitvbr 
way  of  the  Glaseriau  fissure.  (2)  The  stylo-mastoid  branch  of  pot*terior  auricular,  wliich  pi*» 
through  tht^  stylo-mastoid  fommeu  and  aqueduct  of  Fallopius  ;  it  su]>plies  l)ranche8  to  the  munoi 
antrum  and  air-cells,  to  the  stapedius  muscle,  to  the  floor  and  inner  wall  of  the  tyniitanic  cavity, 
and  forms  an  ana^^tomotic  circle,  around  the  membrana  tympani,  with  the  tympanic  arteiy.  W 
The  middle  meningeal  art-ery  sends  a  branch  to  the  tiinsor  tymmni  muscle,  and,  after  eotexiiig 
the  skull,  gives  off  its  i)etr(jsal  artery,  which  is  conducte<l  to  the  tympanum  along  the  hiit» 
Fallopii ;  some  twigs  from  the  jKisterior  division  of  the  middle  meningeal  reach  the  antrum  and 
epitympanic  ivcess  throuL'h  the  petro-squamous  fissure.  (4)  The  internal  carotid  artery,  in  it* 
pfidsa^'c  thi-uugh  the  canal  in  the  temporal  bone,  gives  off  one  or  two  tympanic  t^-igs,  w£ile  (5)i 
brancli  fix>m  the  ast^'iiding  pharyngeal  accompanies  the  nerve  of  Jacobsou.  The  TQilli  ditia 
their  contents  into  the  pterygoid  plexus,  the  middle  meningeal  vein,  and  suiHirior  petiosalaBtt 
The  nerves  which  supply  the  muscles  of  the  tympanic  cfivity  have  alrwuly  been  referred  to  ip^ 
757, 7.')«;.  The  mucous  niem))rane  receives  its  nerv(.»s  fi'um  the  tymjianic  plexus,  which  is  de«riibw 
on  p.  690. 

Early  Condition  of  Tympanic  Cavity.— During  the  greater  mit  of  intraut«^rine  exuten* 
the  tymjianic  cavitv  is  almost  completely  filUttl  by  a  soft,  reddish,  jelly-like  embryonic  ti#nfc 
The  narrow,  slit-like  sima*  is  lined  by  e])ithelium,  which  is  ciliatetl  over  the  promontory,  but 
squamous  elstiwhere.  'i<»wards  the  end  oH  fcctal  life  the  gelatinous  tissue  hecomcfi  thinnctiud 
the  cavity  corivsiKmdingly  enlargwJ.  At  birth  it  is  filled  with  fluid  which  becomes  aboorixi^ 
coinciiknt  with  (lie  ]»ai»sage  of  aii*  from  the  naso-pharynx  through  the  Eustachian  tube. 
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le  innermost,  and,  at  the  same  time,  the  essential  part  of  the  organ  of  hearing 
lated  in  the  substance  of  the  petrous-temporal  bone,  and  consists  of  two  sets 
uctures,  viz. :  (1)  a  series  of  cavities  hollowed  out  of  the  bone  and  constituting 
ony  labyrinth  (labyrinthus  osseus) ;  these  cavities  are  continuous  with  each 
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(viewed  from  outer  aspect). 


,  and  are  named  from  before  backwards  the  cochlea,  vestibule,  and  semicircular 
s  (Figs.  589,  590) ;  (2)  a  complex  arrangement  of  membranous  channels  (Fig. 
situated  within,  but  not  nearly  filling,  the  bony  labyrinth  and  fonning  the 
nranoiu  labsrrinth  (labyrinthus  membranaceus).  These  channels  are  named  the 
B  coehlearis,  utricle,  saccule,  and  membranous  semicircular  canals;  the  utricle 
laccule  are  lodged  within  the  bony  vestibule. 
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'estibule. — The  vestibule  forms  the  central  portion  of  the  osseous  labyrinth,  and 
lunicates  behind  with  the  semicircular  canals  and  in  front  with  the  cochlea.  It 
newhat  ovoid  in  shape,  its  long  axis  being  directed  forwards  and  outwards.  It 
ures  about  6  mm.  antero-posteriorly,  4-5  mm.  from  roof  to  floor,  and  about  3  mm. 
without  inwards.  Its  outer  wall  is  directed  towards  the  tympanic  cavity,  and 
is  seen  the  fenestra  ovalis,  which,  in  the  recent  state,  is  closed  by  the  foot  of 
tapea  Its  inner  wall  corresponds  with  the  bottom  of  the  internal  auditory 
us,  and  presents,  at  its  antero-inferior  part,  a  rounded  depression,  the  recessus 
ricus,  which  lodges  the  saccule.  This  recess  is  perforated  by  some  twelve  or 
n  small  foramina,  which  constitute  the  macula  cribrosa  media,  and  transmit  the 
ents  of  the  auditory  nerve  for  the  supply  of  the  saccule.  The  recessus 
ricus  is  limited  above  and  behind  by  an  obUque  ridge,  the  crista  vestibuli,  the 
ior  extremity  of  which  is  triangular  in  shape  and  named  the  psrramid  (pyraiiiis 
buli).  Posteriorly  this  crista  divides  into  two  limbs,  between  which  is  a  small 
jssion,  the  recessus  coehlearis  of  Eeichert,  perforated  by  some  eight  small  fora- 
,  which  give  passage  to  the  nervous  filaments  for  tlie  supply  of  the  posterior 
»mity  of  the  ductus  coehlearis.  Above  and  behind  the  crista  vestibuli,  in  the 
and  inner  wall  of  the  vestibule,  is  an  oval  depression,  tlie  recessus  ellipticus, 
ti  lodges  the  utricle.  Tlie  pyramid  and  adjacent  i)art  of  the  recessus  ellij)ticu8 
erforated  by  some  25-30  small  apertures,  which  constitute  the  macula  cribrosa 
lor  sen  major.  The  foramina  in  the  pyramid  transmit  the  nerves  to  the 
le;  those  in  the  recessus,  the  nerves  to  the  ampullary  ends  of  the  supi^rior 
external  semicircular  canals.  Behind  and  below  the  recessus  ellipticus  is  u 
w,  gradually  deepening  to  form  a  canal,  the  aqueductus  vestibuli,  which  passes 
wrards  through  the  petrous  bone,  and  opens,  as  a  slit-like  fissure,  about  midway 
een  the  internal  auditory  meatus  and  the  groove  for  the  lateral  sinus.     Thia 
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a(iueduct  measures  8-10  mm.  in  length,  and  gives  passage  to  the  ductus  endo- 
lymphaticus  and  a  small  vein.  The  posterior  part  of  the  vestibule  receives  the 
five  rounded  apertures  of  the  bony  semicircular  canals;  its  anterior  part  leads,  by 
an  elliptical  opening,  into  the  scala  vestibuli  of  the  cochlea.  This  opening  is 
bounded  inferiorly  by  a  thin  osseous  lamella,  the  lamina  spiralis  ossea,  which 
springs  from  the  floor  of  the  vestibule  immediately  to  the  outer  side  of  the  reoessns 
spha3ricus,  and  forms,  in  the  cochlea,  the  bony  part  of  the  septum  between  the  scala 
tympani  below  and  the  scala  vestibuli  above.  From  the  anterior  part  of  the  floor 
of  the  vestibule  a  narrow  cleft,  the  fissura  vestibuli,  extends  forwards  into  the  bimy 
canal  of  the  cochlea.  It  is  bounded  internally  by  the  lamina  spiralis  ossea  just 
referred  to,  and  externally  by  a  second,  smaller  lamina,  the  lamina  spizaUi 
secundaria,  which  projects  inwards  from  the  outer  wall  of  the  cochlecL  These  two 
lamina  are  continuous  with  each  other  around  the  posterior  extremity  of  the 
fissure. 

Semicircular  Canals  (canales  semicirculares  ossei). — The  semicircular  canals 
(Figs.  589,  590),  three  in  number,  are  situated  above  and  behind  the  vestibule. 
They  are  distinguished  from  each  other  by  their  position,  and  are  named  superiw, 
posterior,  and  external.  They  open  into  the  vestibule  by  five  apertures,  since  the 
inner  extremity  of  the  superior  and  the  upper  extremity  of  the  posterior  join  to 
form  a  comuion  canal  or  crus  commune.  Differing  slightly  in  length,  each  forms 
about  two-thirds  of  a  circle,  one  extremity  of  which  is  dilated  and  termed  the 
ampulla  (ampulla  ossea).  Somewhat  compressed  laterally,  their  greatest  internal 
diameter  is  from  1  to  1*5  mm.,  whilst  the  diameter  of  the  ampulla  is  about  2  mm. 

The  superior  semicircular  canal  (canalis  semicircularis  superior),  15-20  mm.  in 
length,  is  vertical  and  placed  transversely  to  the  long  axis  of  the  petrous  bone- 
Its  convexity  is  directed  upwards,  and  its  position  is  indicated  on  the  anterior  sur- 
face of  the  petrous-temporal  by  an  eminence.  Its  ampuUated  end  (ampulla  oesea 
superior)  is  anterior  and  external,  and  opens  into  the  vestibule  immediately  above 
that  of  the  external  canal.  Its  opposite  extremity  joins  the  non-ampullated  end 
of  the  posterior  canal  to  form  the  crus  commune,  which  is  alx)ut  4  mm.  in  length, 
and  opens  into  the  upjDer  and  inner  part  of  the  vestibule.  The  posterior  semidreolar 
canal  (canalis  semicircularis  posterior)  is  the  longest  of  the  three  and  measures  from 
18-22  mm.  Its  ampullary  end  (ampulla  ossea  posterior)  is  placed  inferiorly,  and 
opens  into  the  lower  and  Imck  part  of  the  vestibule,  where  may  be  seen  some 
six  or  eight  small  aj)ertures,  forming  the  macula  cribrosa  inferior,  for  the  trans- 
mu^sion  of  the  nerves  to  this  ampulla.  Its  upper  extremity  ends  in  the  crus  commune. 
The  external  canal  (canalis  semicircularis  lateralis)  is  the  shortest.  It  measures 
from  1 2  to  15  mm.,  and  arches  nearly  horizontally  outwards.  Of  its  two  extremities 
the  exU^rnal  is  ampullated  (ampulla  ossea  lateralis),  and  opens  into  the  vestibule 
immediately  above  the  fenestra  ovalis  and  in  close  relationship  to  the  ampullarr 
end  of  tlie  su]>erior  canal. 

Allhough  the  three  oaiialt*  are  generally  reganUnl  as  openiug  iuto  the  vestibule  by  fiveorific«, 
some  ohscrverrt  incline  to  the  view  that  the  ampullary  ends  oi  the  superior  and  external  canili 
form  a  common  orifice,  and  that,  consequently,  there  are  only  four  opening  for  the  three  canit 

Crum  Bi'o>m  {Jo urn.  Anat.  and  Physiol^  London,  vol  viii.)  pomted  out  "that  thf 
exterior  ciinal  t>f  one  ear  is  very  nearly  in  tlie  same  ])lane  as  that  of  the  other ;  while  the  rapcriw 
cAual  of  one  ear  is  neurly  parallel  to  the  posterior  canal  of  the  other." 

Cochlea.^ — When  freed  from  its  surroundings  the  cochlea  assumes  the  form  of 
a  short  cone  (Fig.  591);  the  central  part  of  its  base  (basis  cochleae)  corresponds 
with  the  bottom  of  the  internal  auditory  meatus,  whilst  its  apex  or  copdU  is 
directed  forwards  and  outwards,  and  comes  into  close  relation  with  the  canal  for  the 
tensor  tympani  muscle.  It  measures  about  9  mm.  across  the  base  and  shoot 
5  mm.  from  base  to  apex,  and  consists  of  a  spirally  arranged  tube,  wliich  forms  fiwn 
2i  to  2  J  coils  around  a  central  pillar  termed  the  modiolus.  The  length  of  the  tube 
is  from  2S  to  30  mm.,  and  its  diameter,  near  the  base  of  the  cochlea,  2  mm.  Ito 
eoik  are  distinguished  by  the  terms  basal,  central,  and  apical ;  the  first,  or  bssJ 
coil,  gives  rise  to  the  promontory  on  the  inner  wall  of  the  tympanum. 

'  111  the  following  descriptiou  the  cochlea  is  supposed  to  be  placed  on  its  bate. 
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le  modiolus  is  about  3  mm.  in  height,  and  diminishes  rapidly  in  diameter  from 
;o  apex,  while  its  tapered  extremity  fails  to  reach  the  cupola  by  a  distance  of 
1.  Its  base  (basis  modioli)  corresponds  with  the  area  cochle»  on  the  fundus 
;  internal  auditory  meatus,  and  exhibits  the  tractos  spiralis  foraminosas,  which 
nits  the  nerves  for  the  basal  and  central  coils  of  the  cochlea  and  the  foramen 
Je,  which  gives  passage  to  the  nerves  for  the  apical  coil.  The  foramina  of  the 
18  spiralis  foraminosus  traverse  the  modiolus,  at  first  parallel  to  its  long  axis, 
iter  a  varying  distance,  they  bend  outwards  to  reach  the  attached  edge  of  the 
a  spiralis  ossea,  where  they  become  expanded  and  form  by  their  apposition  a 
canal,  the  canalis  spiralis  modioli  of  Bosenthal,  which  lodges  the  ganglion  of 
or  ganglion  spirale  cochlesB.  From  this  spiral  canal  numerous  small  foramina, 
e  transmission  of  vessels  and  nerves,  pass  outwards  to  the  free  edge  of  the 
a  spiralis.  The  lamina  spiralis  ossea,  a  thin,  tlat  shelf  of  bone,  winds  round  the 
)lus  like  the  thread  of  a  screw,  and,  projecting  about  half-way  into  the  cochlear 
incompletely  divides  it  into  two  passages,  of  which  the  upper  is  named  the 
vestibuli ;  the  lower,  the  scala  tympani.  The  lamina  spiraUs  ossea  commences 
5  floor  of  the  vestibule,  near  the  fenestra  rotunda,  and  ends  close  to  the  apex 
3  cochlea  in  a  sickle-shaped  process,  the  hamulus,  which  assists  to  form  an 
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ire  named  the  helicotrema.  In  the  basil  coil  the  upper  surface  of  the  spiral 
a  forms  almost  a  right  angle  with  the  modiolus,  but  the  angle  becomes  more 
lore  acute  on  ascending  the  tube.  In  the  lower  half  of  the  basil  coil  a  second 
jr  bony  plate,  the  lamina  spiralis  secundaria,  projects  inwards  from  the  outer 
if  the  cochlea  towards  the  lamina  spiralis  ossea,  without,  however,  reacliing  it. 
twed  from  the  vestibule  the  slit-like  fissura  vestibuli,  already  referred  to 
0),  is  seen  between  the  two  osseous  spiral  laminae.  A  membrane,  the  mem- 
bietsilaris,  stretches  from  the  free  edge  of  the  lamina  spiralis  ossea  to  the  outer 
)f  the  cochlea,  and  completes  the  septum  between  the  scala  vestibuli  and 
tympani,  but  the  two  scalae  communicate  with  each  other  througli  the 
ig  of  the  helicotrema  at  the  apex  of  the  cochlea.  The  scala  tympani  begins 
{  fenestra  rotunda,  through  which,  in  the  macerated  bone,  it  communicates 
the  tympanic  cavity ;  in  the  recent  condition  the  fenestra  is  closed  by  the 
lary  tympanic  membrane  {vide  p.  752).  At  the  commencement  of  the  scala 
mi  a  crest,  termed  the  crista  semilunaris,  stretches  from  the  attached  margin 
lamina  spiralis  ossea  towards  the  orifice  of  the  fenestra  rotunda.  Close  to  this 
IS  seen  the  inner  orifice  of  the  aqueductus  cochleae,  a  canal  measuring  from  10 
mm.  in  length,  and  opening  on  the  under  aspect  of  the  petrous  bone  internal  to 
»sa  jugularis.  Through  it  there  is  established  a  communication  between  the 
iympani  and  the  subarachnoid  space,  and  through  it,  also,  a  small  vein  passes 
n  the  inferior  petrosal  sinus.  The  scala  vestibuli,  the  higher  of  the  two 
;es,  begins  in  the  vestibule  ;  its  diameter  in  the  basal  coil  is  less  than  that  of 
ala  tympani,  but  in  the  upper  coiLs  it  exceeds  that  of  the  latter. 
temal  Auddtory   Meatus. — It  is  convenient,  at   this  stage,  to  atvxd^  W\<i 
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fundus  of  the  internal  auditory  meatus,  which  has  been  referred  to  as  forming  the 
inner  wall  of  the  vestibule  and  the  bas3  of  the  modiolus.  It  is  divided  by  a  trans- 
verse ridge,  the  crista  transversa,  into  two  parts — an  upper  or  fossnla  supeiior  and  a 
lower  or  fossula  inferior.  The  anterior  part  of  the  fossula  superior  is  termed  the 
area  facialis  and  exhibits  a  single  large  opening,  the  commencement  of  the  aque- 
duct of  Fallopius,  for  the  transmission  of  the  facial  nerve.  Its  posterior  part  is 
named  the  area  vestibularis  superior,  and  is  perforated  by  the  nerves  for  utricle  and 
ampullae  of  the  superior  and  external  semicircular  canals.  The  anterior  part  of 
the  fossula  inferior  is  termed  the  area  cochles,  and  consists  of  the  canalis  centralii 
and  the  surrounding  tractus  spiralis  foraminosus,  for  the  pass£^  of  the  nerves  to 
the  cochlea.  Behind  the  area  cochlea3,  and  separated  from  it  by  a  ridge,  is  the 
area  vestibularis  inferior,  which  transmits  the  nerves  to  the  saccule,  whilst  at  the 
posterior  part  of  the  fossula  inferior  is  seen  a  single  foramen,  the  foramen  singnkn, 
which  gives  passage  to  the  nerves  for  the  ampulla  of  the  posterior  semicircular 
canal. 

MEMBRANOUS   LABYRINTH. 

The  membranous  labyrinth  (labyrinthus  membranaceus)  assumes,  more  or  less 
closely  (Fig.  592),  the  form  of  the  bony  labyrinth  in  which  it  is  situated,  but  does 
not  nearly  fill  it.  It  contains  a  fluid  termed  endolsnnph,  while  the  inter\'al  between 
it  and  the  bony  labyrinth  is  named  the  perilymphatic  space,  and  is  occupied  by  a 
fluid  termed  perilsnnph.  The  perilymphatic  space  in  the  vestibule  measures  about 
3  mm.  from  without  inwards,  and  about  3*5  mm.  from  before  backwards.    It  is 

continuous  behind  with  the 
saccule    '''''""  "':!!^  perilymphatic  space  of  the 

semicircular  canals,  and 
opens  in  front  into  the  scala 
vestibulL  At  the  apex  of 
the  cochlea  it  is  continaous 
through  the  helicotrema 
with  the  scala  tympani, 
which  is  shut  off  from  the 
tympanum  by  thesecondaiy 
tympanic  membrane.  It  is 
also  prolonged  into  the 
aqueductus  cochleae,  at  the 
extremity  of  which  it  communicates  with  the  subarachnoid  space.  The 
membranous  semicircular  canals  and  the  membranous  canal  of  the  cochlea  follow 
the  course  of  their  bony  tubes  and  lie  along  the  inner  aspect  of  their  outer  walk 
The  bony  vestibule,  on  the  other  hand,  contains  two  chief  membranous  structuies, 
the  utricle  and  saccule.  The  former  receives  the  extremities  of  the  membranous 
semicircular  canals,  whilst  the  latter  communicates  with  the  membranous  canal 
of  the  cochlea.  Moreover,  the  cavities  of  the  utricle  and  saccule  are  indirectly 
connected,  and  thus  all  parts  of  the  membranous  labyrinth  communicate  with 
each  other,  and  the  contained  endolymph  is  free  to  move  from  one  portion  to 
another.  The  vestibule,  also,  contains  the  ductus  endolymphaticus  and  the  com- 
mencement of  the  ductus  cochlearis. 

The  utricle  (utriculus),  the  larger  of  the  two  sacs  (Fig.  592),  occupies  the 
postero-superior  portion  of  the  bony  vestibule.  Its  highest  part,  or  recessoB  utrievli, 
lies  in  the  recessus  ellipticus  and  receives  the  ampullar  of  the  superior  and  external 
membranous  semicircular  canals.  Its  central  part  receives  on  its  lateral  aspect  the 
nou-ampullated  end  of  the  external  carnal,  and  is  prolonged  upwards  and  backwards 
as  the  sinus  superior,  into  which  the  crus  commune  of  the  superior  and  posterior 
membranous  canals  open.  The  ampulla  of  the  posterior  membranous  canal  opens 
into  its  lower  and  inner  part,  or  sinus  inferior.  The  floor  and  anterior  wall  of  the 
recessus  utriculi  are  thickened  to  form  the  macula  acustica  utricnli,  to  which  are 
distributed  the  utricular  fibres  of  the  auditory  nerve.  Whitish  in  colour,  and  of 
an  oval  or  nearly  rhombic  shape,  this  macula  measures  3  mm.  in  length  and  JS 
mm.  ill  its  greatest  breadth. 
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The  saccnle  (sacculus)  occupies  the  recessus  sphairicus,  in  the  lower  and  fore-part 
of  the  vestibule  (Fig.  590).  Smaller  than  the  utricle,  it  is  of  an  oval  shape  and 
measures  3  mm.  in  its  longest,  and  about  2  mm.  in  its  shortest  diameter.  It  presents 
anteriorly  an  oval,  whitish  thickening,  the  macula  acastica  saccnli.  This  has  a 
breadth  of  about  1*5  mm.,  and  to  it  are  distributed  the  saccular  fibres  of  the  auditory 
nerve.  The  superior  extremity  of  the  saccule  is  directed  upwards  and  backwards, 
and  forms  the  siniu  utricularis  sacculi,  which  abuts  against,  but  does  not  fuse 
with,  the  wall  of  the  utricle.  From  the  lower  part  of  the  saccule  a  short  canal, 
the  ductus  reomens  of  Hensen,  opens  into  the  ductus  cochlearis,  a  short  distance 
in  front  of  its  vestibular  or  blind  extremity.  A  second  small  channel,  the  ductus 
endolymphaticus,  is  continued  from  the  posterior  part  of  the  saccule,  and,  passing 
between  the  utricle  and  the  inner  wall  of  the  vestibule,  is  joined  by  a  small  canal, 
the  ductus  utriculosaccularis,  which  arises  from  the  inner  aspect  of  the  utricle.  It 
then  enters  and  traverses  the  aqueductus  vestibuli  and  ends,  under  the  dura  mater 
on  the  posterior  surface  of  the  petrous  bone,  in  a  dilated  blind  extremity,  termed 
the  recessus  Cotugnii,  or  saccus  endolymphaticus ;  this,  according  to  Ktidinger,  is 
perforated  by  minute  foramina,  through  which  the  endolymph  may  pass  into  the 
meningeal  lymphatics. 

The  vestibule  also  contains  the  blind  extremity  (caecum  vestibulare)  of  the 
ductus  cochlearis,  which  lies  immediately  below  the  saccule  in  the  recessus 
cochlearis  of  Eeichert;  from  here  it  passes  forwards  into  the  spiral  tube  of 
the  cochlea. 

The  walls  of  the  utricle  and  saccule  are  composed  of  connective  tissue  which 
blends,  along  their  attached  surfaces,  with  the  periosteal  lining  of  the  vestibule.  It 
is  modified  internally  to  form  a  homogeneous  membrana  propria,  which  is  covered 
by  a  layer  of  pavement  epithelium  and  is  thickened  at  the  maculee  acustic*. 
Towards  the  periphery  of  the  maculae  the  epithelium  is  cubical,  while  on  them 
it  is  columnar. 

The  structure  of  the  maculse  in  the  utricle  and  saccule  is  practically  the 
same ;  two  kinds  of  cells  are  foimd,  viz.  (a)  supporting  cells,  and  (b)  hair  cells.  The 
supporting  cells  are  some- 
what fusiform,  each  con- 
taining, near  its  middle, 
a     nucleus.        Their 
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branched,  deop  extremi- 
ties are  attached  to  the 
membranapropria;  their 
free  ends  lie  between  the 
hair  cells  and  form  a  thin 
inner  limiting  cuticle. 
The  hair  cells  are  flask- 
shaped  and  do  not  reach 
the  membrana  propria, 
but  end  in  rounded  ex- 
tremities which  lie  be- 
tween the  supporting 
cells.  Each  contains,  at 
its  deepest  part,  a  large 
nucleus,  the  rest  of  the 
cell  being  granular  and 
pigmented.  From  the 
free  end  of  each  there 
projects  a  stiff,  hair-like 
process,  which,  on  the 
apphcation  of  reagents, 

spUts  into  several  finer  filaments.  The  nerve-fibres  pierce  the  membrana  propria, 
and  end  in  arborisations  around  the  deep  extremities  of  the  hair  cells.  A  collection 
of  small,  rhombic  crystals  of  carbonate  of  lime,  termed  otoconia,  adheres  to  each  of 
the  maculae. 


Fio.  593. 


-Transvkkse  Section  of  Hu.man  Semicirculak 
Canal  (Riidinger). 
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The  membranous  semicircular  canals  (ductus  semicirculares)  are  elliptical  on 
transverse  section  (Fig.  593),  and  are  attached  to  the  greater  circumference  of  the 
bony  tubes.  The  peripheral  portion  of  the  ellipse  is  fixed  to  the  periosteal  lining 
of  the  bony  canal,  whilst  the  opposite  part  is  free,  except  that  it  is  connected  by 
irregular  bands,  the  ligamenta  labyrinthi  canalicolorum,  which  pass  through  the  peri- 
lymphatic space  to  the  bony  wall.  like  the  bony  canals,  each  of  the  membranous 
canals  is  dilated  at  one  extremity  into  an  ampulla  (ampulla  membranacea),  which 
is  especially  developed  towards  the  concave  aspect  of  the  tube.  While  the  mem- 
branous ampullae  nearly  fill  the  corresponding  portions  of  the  bony  tubes,  the 
calibre  of  the  remaining  parts  of  the  membranous  canals  is  only  equal  to  about 
one-fourth  of  that  of  the  osseous  canals. 

Each  membranous  canal  consists  of  three  layers,  viz. :  (a)  an  outer  filiroDi 
stratum  which  contains  blood-vessels,  together  with  some  pigment,  and  fixes  the 
tube  to  the  bony  wall ;  (b)  an  intermediate,  transparent  tunica  propria,  presenting 
a  number  of  papilliform  elevations  which  project  towards  the  lumen.  The  fibrous 
layer  and  tunica  propria  are  thinnest  along  the  attached  surface  of  the  tube,  and 
in  this  region  also  the  papilliform  elevations  are  absent ;  (c)  an  internal  epitheliil 
layer,  composed  of  i>avement  cells.  In  the  ampulla?  the  tunica  propria  is  much 
thickened,  and  projects  into  the  cavity  as  a  transverse  elevation,  termed  the  septom 
transversum,  which,  when  seen  from  above,  is  somewhat  fiddle-shaped;  its  most 
prominent  part  is  covered  by  auditory  epithelium  forming  the  crista  acnstiea,  at 
each  end  of  which  is  a  half-moon-shaped  border  of  small  columnar  cells,  the  plmom 
semilunatum.  The  cells  covering  the  crista  acustica  consist  of  supporting  cells  and 
hair  cells,  and  are  similar  in  their  arrangement  to  those  in  the  maculae  of  the 
utricle  and  saccule.  The  hairs  of  the  hair  cells  are,  however,  considerably  longer, 
and  project  as  far  as  the  middle  of  the  ampullary  lumen.  In  fresh  specimens  they 
appear  to  end  free,  but  in  hardened  preparations  are  seen  to  terminate  in  a  soft, 
clear,  dome-like  structure,  the  cupola  terminalis,  which  is  striated,  the  striae  converg- 
ing towards  its  concavity.  The  nerves  fonn  arborisations  around  the  bases  of  the 
hair  cells. 

The  membranous  cochlea  (ductus  cochlearis  or  scala  media)  commences  in  the 
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Fuj.  594. — Section  across  thb  Dcctus  Cochlearis  (Retziiw). 

recessus  cochlearis  of  the  vestibule  by  a  blind  extremity  (caecum  vestibulare),  close 
to  which  it  receives  tlie  ductus  reuniens  of  Hensen  (vide  p.  763).  It  forms  ^ 
spirally  arranged  canal  inside  the  l>ony  cochlea,  and  ends  at  the  apex  of  the  latter 
in  a  second  blind  extremity,  the  lagena,  or  cjecum  cupulare,  which  is  nxed  to  the 
cupola  and  partly  bounds  the  helicotrema.  As  already  stated  (vide  p.  761),  the  mfiD»- 
bniDd  }>a.silaris  extends  from  the  free  edge  of  the  lamina  spiralis  ossea  to  the  outer 
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vail  of  the  cochlea.  A  second,  more  delicate  membrane,  the  membrane  of  Seissner,  or 
uembranalvestibularis,  stretches  from  the  thickened  periosteum  covering  the  upper 
iirface  of  the  lamina  spiralis  oesea  to  the  outer  cochlear  wall,  some  little  distance 
ilx)ve  the  external  attachment  of  the  membrana  basilaris.  A  canal  is  thus  enclosed 
>etween*the  underlying  sc«da  tympani  and  the  overlying  scala  vestibuli,  and  con- 
ititutes  the  membranous  cochlea  or  ductuB  cochlearis.  Triangular  on  transverse 
section,  it  possesses  a  roof,  an  outer  wall,  and  a  floor,  and  is  lined  throughout  with 
spithelium  and  filled  with  endolymph.  On  its  floor  the  epithelium  is  greatly  modified, 
ind  here  are  found  the  endings  of  the  cochlear  division  of  the  auditory  nerve. 

The  roof  or  vestibular  wall  of  the  ductus  cochlearis  is  formed  by  the  mem- 
Drane  of  Reissner,  which  consists  of  a  delicate,  nearly  homogeneous  membrane, 
covered  on  its  two  surfaces  by  a  layer  of  epithelium.  Its  entire  thickness  is 
ibout  3  /A. 

The  outer  wall  of  the  ductus  cochlearis  (Fig.  595)  consists  of  the  periosteal 
lining  of  the  bony  cochlea,  which,  however,  is  much  thickened  and  greatly  modified 
to  form  what  is  termed  the  ligamentum  spirale  cochlea.  Occupying  the  whole  outer 
wall,  this  ligament  projects  inwards  inferiorly  as  a  triangular  prominence,  the  crista 
basilaris,  to  which  the  outer  edge  of  the 
membrana  basilaris  is  attached.  The 
fibres  of  the  membrane  radiate  into  the 
ligament  in  the  form  of  a  series  of  bundles 
analogous  to  the  ligamentum  pectinatum 
iridis.   In  the  upper  part  of  the  ligamentum 

spirale   the  periosteum  is  of  a   reddish 

yellow  colour,  and  contains,  immediately 

under  its  epithelial  lining, numerous  small 

blood-vessels  and  capillary  loops,  forming 

the  stria  vascnlaris.     The  lower  limit  of 

this  stria  is  bounded  by  a  prominence, 

the  prominentia  spiralis,  in  which  is  seen 

a  vessel,  the  vas  prominens,  and  between 

this  prominence  and  the  crista  basilaris 

is  H  concavity,  the  sulcus  spiralis  extemus. 

The  height  of  the  outer  wall  diminishes 

towards  the  apex  of  the  cochlea. 

The   floor   or   tympanal  wall   of   the 

ductus  cochlearis  is  formed  by  the  peri- 
osteum  covering    that    portion  of    the 

lamina  spiralis  ossea  which  is  situated  to 

the  outer  side  of  Keissner's  membrane, 

and  by  the   membrana   basilaris,  which 

stretches  from  the  free  edge  of  the  lamina 

spiralis  ossea  to  the  crista  basilaris.     On 

the  inner  part  of  the  membrana  basilaris 

the  complicated   structure   termed    the 

organ  of  Corti  is  situated.     The  lamina 

spinalis  ossea  consists  of  two  plates  of 

^iie,  between  which  are  placed  the  canals 

f^r  the  branches  of  the  cochlear  nerve. 

^^u  the  upper  plate  the  periosteum  is 

thickened  and  modified  to  form  the  limbus 

l^nunaB  spiralis,  the  outer  extremity  of 

^^'hich  forms  a  C-sliaped  concavity,  the 

sulcus  spiralis  intemus.     The  portions  of 

the  limbus  which  project  outwards,  above 

*iid  below    this   concavity,  are    termed 

J'esjiectively  the  labium  vestibulare  and  labium  tympanicum.     The  latter  is  perforated 

hy  some  4000  small  apertures,  the  foramina  nervosa,  or  habenula  perforata,  for  the 

transmission  of  the  cochlear  nerves.     Externally  it  becomes  contiiii\xou'3»  n^'\\Xv  \Jw^ 


Fkj.  r)95.— Tkansvehse  Section  thkouoh  Outkk 
Wall  ov  Ductus  Cochlearis  (Scliwalbe). 
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meinbrana  basilaris.  The  upper  surface  of  the  labium  vestibulare  presents  a 
number  of  furrows  crossing  each  other  nearly  at  right  angles,  and  intersecting  a 
series  of  elevations  which,  at  the  free  margin  of  the  labium,  form  a  row  of  tooth-Uke 
structures,  some  7000  in  number,  the  auditory  teeth  of  Huschke.  Covering  the 
limbus  is  a  layer  of  apparently  squamous  epithelium;  the  deeper  protoplasmic 
portions  of  the  cells,  however,  with  their  contained  nuclei,  fill  up  the  intervah 
between  the  elevations  and  auditory  teeth.  This  layer  of  epithelium  is  continuous 
with  that  covering  the  under  surface  of  Eeissner's  membrane  and  with  that  which 
lines  the  sulcus  spiralis  internus. 

Membrana  Basilaris. — The  inner  part  of  this  membrane  is  thin,  and  supports 
the  organ  of  Corti ;  it  is  named  the  zona  arcuata,  and  reaches  as  far  as  the  foot- 
plate of  the  outer  rod  of  CortL  Its  outer  part,  extending  from  the  foot-plate  of 
the  outer  rod  of  Corti  to  the  crista  basilaris,  is  thicker  and  distinctly  striated, 
and  is  termed  the  zona  pectinata.  The  substantia  propria  of  the  membrane  is 
almost  homogeneous,  but  exhibits,  in  its  deeper  part,  numerous  fibrea  These  fibres 
are  most  distinct  in  the  zona  pectinata,  and  number,  according  to  Betzius,  about 
24,000.  Covering  the  under  surface  of  the  membrana  basilaris  is  a  layer  of  con- 
nective tissue,  which  contains,  in  its  inner  part,  small  blood-vessels,  one  of  which, 
larger  than  the  rest,  lies  below  the  tunnel  of  Corti  and  is  named  the  vas  spiiale. 
The  width  of  the  membrana  basilaris  increases  from  210  /x  in  the  basil  coil  to  360/* 
in  the  apical  coil. 

Org^an  of  Corti  (Fig.  596). — Placed  upon  the  inner  portion  of  the  membrani 
basilaris,  the  organ  of  Corti  consists  of  an  epithelial  eminence  which  extends  along  the 
entire  length  of  the  ductus  cochlearis,  and  comprises  the  following  structures,  m: 
(1)  Corti's  rods  or  pillars,  (2)  hair  cells  (inner  and  outer),  (3)  supporting  cells  of  Deiten, 
(4)  the  cells  of  Hensen  and  Claudius,  (5)  the  lamina  reticularis,  and  (6)  a  cuticular 
membrane,  the  membrana  tectoria. 

The  rods  of  Corti  form  two  rows,  inner  and  outer,  of  stiff,  pillar-like  structuro,  and 
each  rod  presents  a  base  or  foot-plate,  an  intermediate  elongated  jwrtion,  and  an  upper 
end  or  head.  The  bases  of  the  two  rows  are  planted  on  the  membrana  basilaris  flome 
little  distance  apart.     The  intermediate  portions  incline  towards  each  other  and  the  heads 
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Vie.  596.— Transversb  Section  of  Corti's  Organ  from  the  Central  Coil  op  Cochlra  (Retzias). 

coine  into  contact,  so  tliat,  between  the  two  rows  above  and  the  membrana  basilaris  below, 
there  is  enclo8e<l  a  triangular  tunnel,  the  tunnel  of  Corti ;  this  tunnel  increases  both  in 
height  and  width  on  passing  towards  the  apex  of  the  cochlea.  The  inner  rods  number 
nearly  6000,  and  the  head  of  each  resembles  somewhat  the  upper  end  of  the  ulna,  pre- 
senting a  deep  concavity,  externally,  for  the  reception  of  a  corresponding  convexity  on  the 
liead  of  the  outer  nxl.  The  part  of  the  head  which  overhangs  this  concavity  is  prolonged 
outwards,  under  the  name  of  the  head-plate,  and  overlaps  the  head  of  the  outer  rod.  The 
expanded  bases  of  the  inner  rods  are  situated  on  the  innermost  portion  of  the  membrana 
basilaris,  immediately  to  the  outer  side  of  the  foramina  nervosa  of  the  labium  tympanicum. 
The  intermediate  parts  of  the  inner  rods  are  sinuously  curved,  and   form,  with  the 
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cmbrana  basilaris,  an  angle  of  about  60*".  The  outer  rods  number  about  4000,  and  are 
nger  than  the  inner,  especially  in  the  upper  part  of  the  cochlea.  They  are  more  inclined 
>wardB  the  membrana  basilaris,  and  form  with  it  an  angle  of  about  40**.  The  head  of 
ich  is  convex  internally,  to  fit  the  concavity  on  the  head  of  the  inner  rod,  and  is  prolonged 
Litwards  as  a  plate,  the  phalangeal  process,  which  becomes  connected  with  the  lamina 
3ticularis.  In  the  head  is  an  oval  body  which  has  an  affinity  for  certain  reagents.  The 
lain  part  of  each  rod  consists  of  a  nearly  homogeneous  material,  which  is  finely  striated. 
t  the  bases  of  the  rods,  on  the  side  next  the  tunnel,  is  a  nucleated  mass  of  protoplasm 
hich  reaches  as  far  as  the  heads  of  the  rods,  and  covers  also  the  greater  jwirt  of  the 
inncl  floor.  This  may  be  regarded  as  the  luidiflferentiated  part  of  the  cell  from  which 
le  rod  was  developed.  Slit-like  intervals,  for  the  transmission  of  nerves,  exist  between 
le  intermediate  portions  of  adjacent  rods. 

Hair  Cells. — These,  like  Corti's  rods,  form  two  sets,  iimer  and  outer.  The  former 
Dnsists  of  a  single  row  lying  immediately  internal  to  the  inner  rods — the  latter  of  three, 
r,  it  may  be,  four  rows  placed  to  the  outer  side  of  the  external  rods.  The  inner  hair 
ells  are  about  3500  in  number,  and  have  a  greater  diameter  than  the  inner  rods,  and  so 
%ch  is  supported  by  more  than  one  rod.  Somewhat  oval  in  shape,  their  free  extremities 
re  surmounted  by  about  twenty  fine  hair-like  processes,  arranged  in  the  form  of  a 
rescent,  with  its  concavity  directed  inwards.  The  deep  end  of  the  cell  is  rounded,  and 
>ntains  a  large  nucleus.  It  reaches  only  about  half-way  down  the  rod,  and  in  contact 
ith  it  are  the  arborisations  of  the  nerve  terminations.  To  the  inner  side  of  this  row  of 
air  cells  are  two  or  three  rows  of  elongated  columnar  cells,  which  act  as  supporting  cells, 
tid  are  continuous  with  the  low  columnar  cells  lining  the  sulcus  spiralis  internus.  The 
ater  hair  cells  number  about  12,000,  and  form  three  rows  in  the  basal  coil  and  four 
■>W8  in  the  upper  two  coils,  although  in  the  higher  coils  the  rows  are  not  so  regularly 
rranged.  Their  rounded  free  extremities  support  some  twenty  hairlets  arranged  in  the 
>nn  of  a  crescent,  opening  inwards.  Their  deep  extremities  reach  about  half-way  to  the 
:kembrana  basilaris,  and  are  in  contact  with  the  nerve  arborisations. 

Alternating  with  the  rows  of  the  outer  hair  cells  are  the  rows  of  Deiters'  supporting 
eUs,  the  lower  extremities  of  which  are  expanded  on  the  membrana  basilaris,  whilst  their 
ipper  ends  are  tapered  ;  the  nucleus  is  placed  near  the  middle  of  each  cell,  and,  in  addition, 
ach  cell  contains  a  bright,  thread-like  structure  called  the  supporting  fibre.  This  fibre 
s  attached  by  a  club-shaped  base  to  the  membrana  basilaris,  and  expands,  at  the  free 
'nd  of  the  cell,  to  form  a  phalangeal  process  of  the  membrana  reticularis. 

The  cells  of  Hensen,  or  outer  supporting  cells,  consist  of  about  half  a  dozen  rows, 
rumctliately  outside  Deiters'  cells,  and  form  a  well-marked  elevation  on  the  floor  of  the 
luctiis  cochlearis.  Their  deep  extremities  are  narrow  and  attiiched  to  the  membrana 
f»asilaris,  while  their  free  ends  are  expanded  ;  each  cell  contains  a  distinct  nucleus  and 
^omc  pigment  granules.  The  columnar  cells,  situated  externally  to  the  cells  of  Hensen, 
L^over  the  outer  part  of  the  zona  pectinata,  and  are  named  the  cells  of  Claudius.  A  space, 
the  space  of  Nuel,  exists  between  the  outer  rods  of  Corti  and  the  neighbouring  row  of 
hair  cells.  It  comminiicates  internally  with  Corti's  tunnel,  and  extends  outwards  between 
the  outer  hair  cells  as  far  as  Hensen's  cells. 

The  la-Tnitia.  reticularis  is  a  thin  cuticular  structure  which  lies  over  Corti's  organ, 
and  extends  from  the  heads  of  the  outer  rods  as  far  as  Hensen's  cells,  where  it  ends  in  a 
row  of  quadrilateral  areas  which  form  its  outer  border.  On  looking  at  it  from  above  it  is 
seen  to  consist  of  two  or  three  rows  of  structures,  named  phalanges,  which  are  elongated 
cuticular  plates  resembling  in  shape  the  digital  phalanges.  The  innermost  row  is  formed 
^y  the  phalangeal  processes  of  the  heads  of  the  outer  row  of  Corti's  rods  ;  the  succeeding 
rf>w,  or  rows,  represent  the  expanded  upper  ends  of  Deiters'  supporting  cells.  The  number 
of  rows  of  phalanges,  therefore,  varies  with  the  number  of  rows  of  outer  hair  cells  and  the 
alternating  cells  of  Deiters.  The  phalanges  separate  the  free  ends  of  the  hair  cells  from 
each  other,  since  these  are  seen  to  occupy  the  somewhat  circular  apertures  between  their 
constricted  middle  portions. 

The  membrana  tectoria  (Fig.  596)  is  an  elastic  membrane  overlying  the  sulcus  spiralis 
intemus  and  the  organ  of  Corti.  Attached,  by  its  inner  end,  to  the  limbus  laminte  spiralis, 
Dear  the  lower  edge  of  lleissner's  membrane,  it  reaches  outwards  as  far  as  the  outer  row 
of  hair  cells.  Its  inner  portion  is  thin  and  overlies  the  auditory  teeth  of  Huschke.  Its 
outer  part  is,  at  first,  much  thickened,  but  becomes  attenuated  near  its  external  border, 
*liich,  according  to  Retzius,  is  attached  to  the  outer  row  of  Deiters'  cells.  Its  lower  edge 
presents  a  firm,  homogeneous  border,  and  opposite  the  inner  row  of  hair  cells  contains  a 
clear,  spirally  arranged  band,  named  Hensen's  stripe.  Probably  the  membrana  tectoria 
acts  as  a  damper  comparable  to  the  otoconia  in  the  utricle  and  saccule. 
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Auditory  Nerve  (Fig.  597). — The  auditory  nerve  consists  of  two  main  pwte, 
the  ramus  vestibularis  and  the  ramus  cochlearis ;  as  the  former  traverses  the  internal 
auditory  meatus  it  presents  a  gangliform  swelling,  the  ganglion  of  Scaipa.   The 
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Fig.  597. — Membranous  Labyrinth  ok  a  Five  Months"  Fcetus,  viewed  from  its  postero-iuesUl 

aspect  (Retzius). 

ramus  vestibularis  divides  into  three  branches,  tlie  filaments  of  which  pass  througl 
the  foramina  in  the  area  vestibularis  superior,  and  are  distributed  to  the  macd 
acustica  utriculi  and  the  ampullae  of  the  superior  and  external  semicircular  canal 
The  ramus  cophlearis  gives  off  a  branch  to  the  macula  acustica  sacculi  and  anothe 
to  the  ampulla  of  the  posterior  semicircular  canal.  The  former  exhibits  a  gangl 
fonn  swelling  beyond  which  its  filaments  pass  through  the  foramina  in  the  an 

vestibularis  inferior ;  the  latter  is  tran 
mitted  through  the  foramen  singulai 
and  in  this  part  of  its  course  the  ner 
possesses  two  gangliform  enlargement 
The  remainder  of  the  ramus  cochlea) 
is  distributed  to  the  hair  cells  of  Cort 
organ,  the  branches  for  the  basal  a 
middle  coils  entering  the  foramina 
the  tractus  spiralis  foraminosus,  th( 
for  the  apical  coil  passing  up  throu 
the  canalis  centralis  of  the  modiol 
Extending  upwards,  in  the  bony  can 
of  the  modiolus,  the  nerv^e-fibres  radi 
outwards  between  the  lamellae  of  1 
lamina  spiralis  ossea.  Contained  in  t 
spiral  canal  of  the  modiolus,  near  the  attached  margin  of  the  lamina,  is  a  gangl 
which  winds  spirally  round  the  modiolus,  and  is  named  the  ganglion  spinle 
ganglion  of  Corti  (Fig.  598).  It  consists  of  bipolar  nerve-cells,  and  each  ne 
fibre,  probably,  hcis  its  continuity  interrupted  by  one  of  these  cells.  Beyond 
ganglion  spirale  tlie  nerve-fibres  extend  outwards,  at  first  in  bundles,  and  tl 
in  a  more  or  less  continuous  sheet,  from  the  outer  edge  of  which  they  are  ag 
collected  into  bundlas,  which  pass  through  the  foramina  nervosa  of  the  labii 
tympanicum.  Beyond  this  they  appear  as  naked  ax  is -cylinders,  and,  tumi 
in  a  spiral  manner   (inner  or   first  spiral   fasciculus),  send   fibrillce   towards  I 


Fk; 


r)98. — Part  of  Cochlear  Nerve,  highly 
ina^iificd  (Henle). 
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sr  row  of  hair  cella.  Other  fibrils  pass  outwards  between  the  inner  rods 
form  a  second  spiral  fasciciLLiui  in  Corti's  tunnel,  from  which  fibrils  extend 
vards  across  the  tunnel,  and,  passing  between  the  outer  rods,  enter  Nuel's 
le.  They  form  a  spiral  fasciculus  on  the  inner  aspect  of  each  row  of  Deiters' 
I,  and  from  these  fasciculi  fibrillse  pass  towards  the  bases  of  the  outer  hair  cells. 

•cliwalbe  divides  the  auditory  ner\'e  into  three  portions,  viz. :  (1)  ramus  atricalo-ampullaris, 
ispouding  with  the  ramus  vestibularis  abeady  described ;  (2)  ramus  sacculo-ampuUaris,  for 
saccule  and  posterior  ampulla ;  and  (3)  ramus  cocUearis,  for  the  ductus  cochlearis. 
Vessels  of  the  Internal  Ear. — ^The  auditory  artery,  a  branch  of  the  basilar,  enters  the  internal 
tory  meatus  and  divides  into  vestibular  and  cochlear  branches.  The  vestibular  branch  sup- 
>  the  soft  tissues  in  the  vestibule  and  semicircular  canals,  each  canal  receiving  two  arteries, 
'.h,  starting  from  opposite  extremities  of  the  canal,  anastomose  on  the  summit  of  the  arch, 
cochlear  bsanch  divides  into  numerous  twi^  which  enter  the  foramina  in  the  tractus 
ills  foraminoeus,  and  run  outwards  in  the  lamina  spiralis  oesea  to  reach  the  soft  structures ; 
largest  of  these  arteries  runs  in  the  canalis  centralis.  The  stylo-mastoid  artery  also  8upi)lie8 
5  minute  branches  to  the  cochlea.  Siebenmann  describes  the  auditory  arterv  as  dividing  into 
e  branches,  viz. :  (1)  anterior  vestibular,  (2)  cochlear  proper,  and  (3)  vestibulo-cochlear.  The 
8  from  the  cochlea  and  vestibule  unite  at  the  bottom  of  the  meatus  with  the  veins  from  the 
circular  canals  to  form  the  internal  auditory  vein,  which  may  either  open  into  the  posterior 
of  the  inferior  petrosal  sinus  or  into  the  lateral  sinus.  Small  veins  also  pass  throueh  the 
Kiuctus  cochleae  and  aqueductus  vestibuli,  the  former  opening  into  the  inferior  petrosal  sinus 
ito  the  internal  jugular  vein,  the  latter  into  the  superior  petrosal  sinus. 


Otic  reside 


Dbvblopment  of  Labyrinth. 

The  epithelial  lining  of  the  labyrinth  is  derived  from  an  invagination  of  the  cephalic 
derm,  termed  the  auditory  pit,  which  appears  opposite  the  hind  brain  immediately 
re  the  first 
;eral  cleft, 
mouth  of 
pit  is  closed 
the  growing 
ther  of  its 
^ns,  and  it 
1  assumes  the 
I  of  a  hollow 
cle,  the  otic 
de,  lined  by 
belium ;  the 
cle  sinks  into 
subjacent 
dderm,  and 
Qet  by  the 
tory  nerve 
wing  out 
I  the  neural 
t.  The  vesi- 
oon  becomes 
-shaped ;  its 

jr    taperinfiT 

'.  \\  .  1  ®  In  A  the  ectoderm  is  invaginated  to  form  the  auditory  pit ;  in  B  the  auditory  pit  is  closed 

isnamea  tne  ^^  detached  from  the  ectoderm,  forming  the  otic  vesicle  ;  while  C  shows  a  further 

BSnS      laby  -  stage  in  the  development  of  the  vesicle. 

tu,  and  forms 

future  ductus  endolymphaticus.  About  the  fifth  week,  the  lower  part  of  the  vesicle 
olonged  forwards  as  a  tubular  elongation,  the  future  ductus  cochlearis.  This  is  at 
straight,  but  soon  becomes  curved  on  itself,  so  that  at  the  twelfth  week  all  three  coils 
lifferentiated.  From  the  upper  part  of  the  vesicle  the  semicircular  canals  are  developed, 
appear  as  hollow,  disc-like  evaginations,  the  central  parts  of  the  two  walls  of  which 
»ce  and  disappear,  leaving  only  the  peripheral  rings  or  canals.  The  three  canals  are 
about  the  beginning  of  the  second  month,  and  are  developed  in  the  following  order, 
superior,  posterior,  and  external.  The  intermediate  part  of  the  otic  vesicle  represents 
irestibule,  and  is  divided  by  a  constriction  into  an  anterior  part,  the  saccule,  communi- 
Lg  with  the  ductus  cochlearis,  and  a  posterior  portion,  the  utricle,  receiving  the  ex- 
lities  of  the  semicircular  canals.  The  constriction  extends  for  some  distance  into 
53 


Fio. 


Rudiment  of  ductus  coetiteirrtfc' 


599. — Sections  through  the  Region'  op  the  Hind  Brain  op  Fcetal  Rabbits 
(to  illustrate  the  development  of  the  labyrinthine  epithelium). 
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SniH*rior 

s«>iiiirircular 

caual 

PoMti-rior 

semicircular 

canal 

Kxtcnial 


the  ductus  cndolymphaticus,  and  thus  the  utricle  and  saccule  are  only  indirectly  oonoecttd 
by  a  Y-shaped    tube.      Another  constriction  makes  its  appearance  between  the  saccule 

and  the  ductus  cochlearis  near  iu& 
commencement,  and  forms  tl)«^ 
canalifl  rennieiuB  of  Hcnsen.  Tlio 
epithelial  lining  is  at  first  columnar-  ^ 
but  V>ecomes  cubical  throughout  th  *q 
whole  labyrinth,  except  opposite  tli  *: 
terminations  of  the  auditor}'  nerve?- 
where  it  forms  the  columnar  e[>  m 
thelium  of  the  macukc  of  the  utricl  ^ 
and  saccule,  of  the  crista;  ampulliv^- 
»«.i.iicirc«iar    j^n^i  ^jf  the  organ  of  Coiti.     Ou  tl  m  . 

canal  _  -      i         i  ■  i        • 

floor  of  the  ductus  cochleani*  tiB-« 
ridges  appear,  of  which  the  inii*ii-: 
forms  the  limbus  lamina:  spirnli^ 
whilst  the  cells  of  the  outer  bccortAt- 
modified  to  form  the  rods  of  Curti, 
tlie  hair  cells,  and  the  supportiii^r 
cells  of  Deiters  and  Henson. 

The  mesoderm  surrountling  the 
otic  vesicle  is  diflfercntiatod  into: 
(1)  a  fibrous  layer,  the  wall  of  the 
membmnous  labyrinth  :  (2)  a 
cartilaginous  external  capsule.  tW 
future  petrous  bone  ;    and  (3)  an 


C<A'.lil»»ai 
I'urt 


i'lH'hlfW 


Ulrk'le 


8Aceule 


Fi.j.  600. 

A,  Left  labyrinth  of  a  human  enihryo  of.ibout  four  weeks;  B, 
Left  liibvrinth  of  a  liiinian  embryo  of  about  five  weeks  (from 
W.  His,  jun.) 


intervening  layer  of  gelatinous  tissue,  which   is  ultimately  absorbed  to  form  the  peri- 
lymphatic  sj)ace  between  the  bony  and  membranous  labyrinths. 


ORGANS  OF  TASTE. 

The  peripheral  organs  of  the  sense  of  taste  (organon  gustus)  consist  of  groups  of 
modified  epithelial  cells,  termed  the  taste  buds,  which  are  found  on  certain  parts  of 
the  tongue  and  its  immediate  neighbourhood. 

Taste  l)uds  are  present  in  large  numbers  around  the  circumference  of  the 
papilhi.*  vallatc(%  while  some  are  also  found  on  their  opposing  walls  (Fig.  601).    Thef 


Fni.  601. 


A,  See t ion  thn«u^h  a  |)ji])ilhi  vallata  of  human  tongue. 

1.  Pa]>illa.  '2.  Vallum  3.  Taste  bndn.  4.  l*aiiillii' 


H,  Seetion  through  a  part  of  the  papilU  foliata 
of  a  rabbit. 


:>.  Tante  bndft. 


•i.  Duct  of 


KlaaH. 


are  very  numerous  over  the  iimbriiu  linguje,  which  correspond  with  the  papillse  foliatff 
of  the  tongue  of  the  rabldt,  and  are  also  found  over  the  posterior  part  and  sides  of 
the  tongue,  eitlier  on  the  i)apillie  fungifomies  or  throughout  the  stratified  epitheliuin. 
They  exist,  also,  on  the  buccal  surface  of  the  soft  palate  and  on  the  posterior  aspect 
of  fclie  epiglottis. 


ORGANS  OF  TASTE. 
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itruoture  of  Taste  Buds  (Fig.  602). — They  are  oval  or  flask -shaped,  and 
3y  nests  in  the  stratified  epithelium  of  the  regions  mentioned.  The  deep 
;mity  of  each  is  somewhat  expanded  and  rests  upon  the  corium ;  the  free  end 
rforated  by  a  minute  pore,  termed  the  gustatory  pore.  They  consist  of  modified 
lelial  cells,  which  are  grouped  under  the  two  varieties  of — (a)  supporting  cells, 


Gustatory  htifK 
ttttory 


GnsUtory 
Imirs 


'^'^*M 


6 
Fi«.  602. 
•ee-quarter  surface  view  of  taste  bud  from  the  B,  Vertical  section  of  taste  bud  from  the  papilla 

?illa  foliata  of  a  rabbit  (highly  magnified).  foliaU  of  a  rabbit  (highly  magnified). 

(6)  gustatory  cells  (Fig.  603).      The  supporting  cells  are  elongated,  nucleated 
lies,  and  are  mostly  arranged  like  cask  staves  to  form  the  outer  envelope  of 
•ud.     Some  are,  however,  found  in  the  interior  of  the  bud,  amongst  the  gustatory 
The  latter  occupy  the  centre  of  the  bud,  and  present  a  nucleated  cell-body, 
h  is  prolonged  into  a  peripheral  and  a  central  process.     The  peripheral  process 
i-like  and  almost  hyaline,  and  terminates  at   the  gustatory  pore  in  a  'hair- 
filament,  gustatory  hair.      The   central 
jss  passes    inwards    towards    the    deep 
imity  of  the   bud,  where  it   ends   free, 
r   in   a  single  varicose  filament  or   by 
ning  l)ifurcated  or  branched. 
Ferves  of   Taste.  —  The    nerve  which 
lies   the   taste   buds   over  the   anterior 
of  the  tongue  is  probably  the  chorda 
•ani,  which,  although    a   branch  of   the 
I  nerve,  is  generally  regarded  as  being 
nuous    with    the    pars    intermedia    of 
l)erg ;  that  for  the  posterior  part  is  the 
3 -pharyngeal.      The  internal  laryngeal 
jh    of    the   vagus   nerve    supplies    the 
ottis,  together  with  a  small  area  of  the 
le  immediately  in  front  of  it.     The  nerve 
3,  having  lost  their  medullary  sheaths,  ramify  partly  between  the  gustatory 
and  partly  amongst  tlie  cells  of  the  ])ud  capsule.     It  was  formerly  thought 
the  nerve-fil^rils   were    directly   continuous  with    the   central   ends  of   the 
.tor}"  cells,  but  this  view  is  no  longer  entertained. 

he  ducts  of  El)ner's  glands  open  into  the  l)ottom  of  the  valleys  surrounding 
apillfe  vallatre,  and  the  serous-like  secretion  of  these  glands  probably  washes 
ree  hair-like  extremities  of  the  gustatory  cells,  and  so  renders  them  ready  to 
imulated  by  successive  su]>stances.  It  should  l)e  added  that  there  is  a  close 
iation  between  the  senses  of  smell  and  taste.  This  can  l)e  best  appreciated  by 
iering  the  defective  taste  percei>tions  resulting  from  inflammatory  conditions 
e  nasal  mucous  membrane,  or  the  common  practice  of  holding  the  nose  in 
to  minimise  the  taste  of  nauseous  drugs. 


Fig.  603. — Isoijited  Cells  from  Taste  Hud 
OF  Rabbit  (Enpflniann). 
i>,  Sui»i)ortiiig  cells.  h,  Gustatory  cells 
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ORGANS  OF  TOUCH. 


The  Skin. 

The  skin  (integuinentuni  commune)  covers  the  body,  and  is  continuous,  at  tli€* 
orifices  on  its  surface,  with  the  mucous  lining  of  its  alimentary  and  other  canak  1 1- 
contains  the  periplieral  tenuinations  of  the  sensory  nerves,  and  serves  as  an  orga»i 
of  protection  to  the  deeper  tissues.     It  is  the  chief  factor  in  the  regulation  otih«=?? 
body  temperature,  and  by  means  of  the  sweat  and  seljaceous  glands,  which  o\itn  ucm 
its  free  surftice,  constitutes  an  importjmt  excretory  structure.     Its  superficial  layer*==i 

are  modified  l«  :j 
form  appeiiclage^r? 
in  the  sha^ie  t^  fl 
hairs  and  nails. 

The  superficiiL  ] 
area   of  the  skiEzi 
averages  alx)iit  on  -^ 
and  a  half  siiiiar^ 
metres,  whilst  it:  r 
thickness     varies 
from  0*5  to  4miii-j 
l)eing  greatest  i#zi 
the  palms  of  tlie 
hands  and  soles  of 
thefeet,andontbe 
back  of  the  ueck 
aud  shoulders,  aoJ 
least  on  the  eyelids 
and  penis.    It  is 
very    elastic  and 
resistant,  aud  its 
colour,  determined 
partly  by  its  om 
pigment       and 
partly  by  that  of 
the      blood,    is 
deeper  on  exposed 
parts   and  in  the 
regionsof  the  geni- 
tals,   axilhe,   and 
mammarj'  areula, 
than  elsewhere 

The  colcjur  also  varies  with  race  and  age,  the  diflerent  races  of  the  world  l^einj: 
rou^'hly  classified,  according  to  the  colour  of  their  skin,  into  the  three  groups 
of  wliitt*,  yellow,  and  l)lack.  Pinkish  in  colour  in  childhood,  the  skin  tissuDies  a 
yellowish  tiu'^e  in  old  age,  while  in  certain  diseases  (e.ff.  icterus  and  raelaaua 
A(ldisonii)  it  undergoes  marked  alteration. 

Tiic  surface  of  the  skin  is  perforated  by  the  hair  follicles  and  by  the  ducts  of  the 
sweat  and  sel»aceouH  glands,  and  on  the  palms,  soles,  and  flexor  asi)ect  of  the  digits 
it  presents  numerous  ixTmanent  ridge^s  (cristie  cutis)  which  corresixmd  with  row 
of  underlying  papilhe.  (.)ver  the  terminal  phalanges  these  ridges  form  distinctive 
patterns,  which  are  ret'iined  from  youth  t^3  old  age,  and  are  utilised  for  purposes  ot 
identification.  Folds  of  the  skin  frctinacula  cutis)  tare  seen  in  the  neighbuurhooJ 
of  the  joints,  and  it  can  In?  thrown  into  wrinkles  ])y  the  contraction  of  the  sub- 
cutancoufi  iniischjs,  where  these  exist.     Over  the  greater  part  of  the  body  it  is  freely 


Uuir  fbllfels. 


of  Aweal 


Fid.  604. 


Veutical  Section  of  the  Skin  (scheinntic), 


oblique  iL«;tioij  thrtitig^ 
PI  Pmc(niaT!  rorpiucle 
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> vable ;  but  on  the  scalp  and  outer  surface  of  the  pinna,  as  well  as  on  the  palms 
i±  soles,  it  is  bound  down  to  the  subjacent  tissues. 

The  skin  consists  of  two  strata,  viz. :  a  deep,  termed  the  dermis  or  corium,  and 
Jiiiperficial,  named  the  epidermis  (Fig.  604). 

The  cerium  gives  elasticity  and  sensibility  to  the  skin,  and  consists  essentially 
a  felted  interlacement  of  connective  tissue  and  elastic  fibres.  In  its  deeper  part, 
stratum  reticulare,  the  fibrous  bundles  are  coarse  and  form  an  open  network,  in 
iG  meshes  of  which  are  vessels,  nerves,  pellets  of  fat,  hair  follicles,  and  glands. 
ais  reticular  stratum  passes,  as  a  rule,  without  any  line  of  demarcation,  into  the 
mniculus  adiposus  or  subcutaneous  fatty  tissue,  but  in  some  parts  it  rests  upon  a 
yer  of  striped  or  unstriped  muscular  fibres — the  latter  in  the  case  of  the  scrotum. 
:i  the  superficial  layer,  or  stratam  papillare,  of  the  corium,  the  connective  tissue- 
ixndles  are  finer  and 
►rm  a  close  network, 
rejecting  from  its  free 
arface  are  numerous 
nger-like,  single,  or 
ranched  elevations, 
^rined  papillse  (Fig. 
05),  the  free  ends  of 
rhich  are  received  into 
orresponding  depres- 
ioiifl  on  the  under  sur-  i 
U5e  of  the  epidermis,  s 
^hese  papillie  vary  in  "= 
ize,  being  small  on  the  % 
yelids,  but  large  on  the  S. 
alms  And  soles,  where  | 
bey  may  attain  a  length  a 
f  225  /i;  and  produce 
he  permanent  curved 
idges  already  alluded 
X  Each  ridge  usually 
mtains  two  rows  of 
fipilla>,  between  which 
16  ducts  of  the  sweat 
Lands  pass  to  reetch 
lie  surface.  The 
ipillai  consist  of  fine 
)nnective  tissue  and 
astic  fibres,  mostly  arranged  parallel  to  the  long  axis  of  the  papilla.  The 
lajority  contain  capillary  loops,  but  some  the  terminations  of  nerves.  The 
iperficial  surface  of  the  corium  is  covered  l)y  a  thin,  homogeneous  basement 
iem])rane. 

The  epidermis  covera  the  corium ;  it  is  non-vascular  and  consists  (^f  stratified 
[)ithelium.  Its  sui)erficial  layers  are  modified  to  form  the  stratum  comeum,  or  homy 
lyer  of  the  skin,  which  may  l>e  separated  by  maceration  or  blistering  from  the  deeper, 
)fter  portion,  or  stratum  mucosum  (Malpighi).  The  epidermis  consists  from  within 
utwards  of  the  following  five  strata  (Fig.  605): — 

1.  The  basilar  layer,  or  stratum  germinativum,  which  comi)ri8es  a  single  stratum 
f  nucleated  columnar  cells  planted  by  denticulated  extremities  on  the  basement 
lembrane  of  the  corium. 

2.  The  stratum  mucosum,  which  consists  of  six  or  eight  layers  of  polygonal, 
ucleated  "prickle"  or  "  finger"  cells,  the  procesat^s  of  which  join  those  of  adjacent 
ells.  Between  the  cells  of  this  layer  are  minute  channels,  in  which  leucocytes  or 
igment  granules  may  be  seen.  The  cells  of  the  stratum  mucosum  are  charac- 
erised  by  the  presence  of  numerous  epidermic  fibrils,  which  are  coloured  violet  by 
laematoxylin  and  re<l  by  carmine.  These  fibrils  are  unaffected  by  boiling,  but 
well  up  under  the  action  of  acids  and  alkalies,  and  form  the  filamfintA  o^  wYAsya. 

53  a 


Fig.  605. — Vkiitical  Sfxtion  of  Epidkhmis  and  Papill.*:  of  Cokium 
(higlily  inagniiHed). 
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between  adjacent  cells.  On  account  of  their  presence,  L.  Banvier  (Compt.  r 
Paris,  Jan.  1899,  tome  cxxviii.)  has  named  this  layer  the  stratam  fOamentc 
Tlie  dark  colour  of  the  negro's  skin  is  caused  by  the  presence  of  numerous  pigi 
granules  in  the  deeper  layers  of  this  stratum ;  the  pigment — of  which  mel 
forms  an  important  constituent — is  absent  from  the  more  superficial  layers  ol 
epidermis. 

3.  Tlie  stratum  granulosum,  which  comprises  two  or  three  layers  of  horizon 
arranged,  flattened  cells,  scattered  around  the  nuclei  of  which  are  elliptic 
spherical  granules  of  eleidin,  a  substance  staining  deeply  with  carmine,  and  pro! 
representing  an  intermediate  stage  between  the  protoplasm  of  the  deeper  celb 
the  keratin  of  the  superficial  layers. 

4.  Tlie  stratum  lucidom,  which  is  an  apparently  homogeneous  layer,  but 
reality  made  up  of  several  strata  of  flattened  or  irregular  squames,  some  of  ¥ 
may  contain  eleidin  granules. 

5.  The  stratam  comenm,  which  comprises  several  layers  of  flattened 
nucleated  squames,  the  more  superficial  of  which  arc  from  time  to  time  rem 
by  friction,  and  may  be  seen  partly  detached  on  the  surface.  Eanvier  named  1 
partly  detached  squames  the  stratum  disijimctum.  The  deeper  cells  contain  grai 
of  a  fatty  material  which  has  the  consistency  and  plasticity  of  beeswax,  and  s 
with  osrnic  acid.  The  peripheral  parts  of  the  cells  consist  of  keratin,  a  hi 
resistant  substance  which  is  unaffected  by  mineral  acids,  and  is  indigestib 
pepsin-hydrochloric  acid.  Macleod  (Proceedings  of  the  Anatomical  Soeiei 
Great  Britain  and  Ireland,  May,  1902)  found  that  alter  digestion  of  the  stn 
corneum  in  the  latter  fluid  the  cells  "presented  the  appearance  of  a  fine  neti 
like  a  honeycomb,  the  contents  of  which  had  completely  gone.  The  periphe 
the  cell  alone  resisted  the  action  of  the  pepsin  and  had  become  keratinised." 

L.  Ranvier  {pp.  cit.)  l)us  pointed  out  that  the  stratam  lucidom  is  really  double,  aud  Las  u 
the  deeper  of  its  two  layers  the  stratum  intermedium ;  tliis  he  describes  as  consisting  of  t^ 
thrt^e  layers  of  clear  celL*  i^-ith  atrophied  nuclei,  while  in  the  cell- walls  the  epidermic  fibrils 
rolled  up  like  the  threads  of  a  cocoon." 

Regeneration  of  the  epidermis  is  generally  regaitled  as  talking  place  by  cell  prohferati 
the  stratum  gerniinativum,  the  young  cells  gradually  passing  through  the  polyhedral 
givmular  stages,  and  ultimately  becoming  the  homy  squames  of  the  stratum  corueimL  Pro: 
Thomson  of  Oxfoixl  considers  that,  although  this  view  meets  all  the  requirements  in  white 
a  difficulty  is  met  with  if  it  is  applied  to  coloured  races,  where  most  pigment  is  found  i 
deei>er  (-ells  of  the  stratum  mucosum,  while  the  superficial  layers  are  free  from  I'olour.  I 
deeper  cells  advance  to  the  surface,  it  is  only  reasonable  to  suppose  that  they  would  cany 
pigment  with  them.  This  theory,  therefore,  necessitates  a  satisfactory  explanation  *oi 
disappearance  of  the  })igment  from  the  superficial  layers.  He  suggests  that  ixMsibly  thegi 
of  the  epidermis  is  analogous  to  the  growth  of  the  corTk  cambium  of  plants,  the  stratum  muc 
cijrresjKjnding  to  the  green  c^lls,  and  the  stratum  conieum  to  the  corky  layer  of  the  cambiuii 
s*uch  be  the  (!{ise — and  he  insists  tliat  there  is  much  evidence  in  support  of  it — the  deeper 
would  advance  inwanls  towards  the  corium,  and  the  superficial  cells  would  grow  outwards  toi 
the  surface.  Under  this  view  the  active  layei-s  would  be  the  stratum  granulosum  and  str 
hu-idum,  and  by  it  many  of  the  difficulties  would  be  ex])lained,  including  the  mysterioof 
apjx^aranj  .e  of  tlie  pigment  from  the  superficial  layers ;  it  would  also  afford  a  reasonable  explan 
of  how  it  happens  that,  in  old  age,  a  negroes  hair  becomes  white,  while  his  skin  retail 
blackness. 

Vessels  and  Nerves  of  the  Skin. — The  arteries  form  a  plexus  in  the 
cutaneous  tissue  from  which  branches  extend  into  the  corium,  where  they  m 
the  hair  follicles  and  glands,  and  form  a  second  plexus  under  the  papillae,  to  w 
small  loops  are  given.     The  veins  and  lymphatics  commence  in  the  papillie, 
after  forming  a  subpapillary  plexus,  open  into  their  respective  subcutaneous  v« 

The  nerves  of  tlie  skin  vary  in  number  in  different  parts  of  the  body,  l 
extremely  numerous  where  the  sense  of  touch  is  acute,  e.g.  on  the  palmar  as 
of  the  terminal  phalanges,  while  in  the  skin  of  the  Iwick,  where  the  sensibili 
less,  they  are  fewer  in  number.  They  form  a  plexus  in  the  corium,  and  ei 
terminate  amongst  the  cells  of  the  epidermis,  or  in  special  end  organs  na 
tactile  corimscles.  Those  ending  in  the  epidermis  form  a  rich  subepithelial  ph 
from  which  delicate  fibrils  pass  between  the  cells  of  the  rete  mucosum,  where 
become  beaded,  and  end  in  rounded  swelHngs  on  flattened  disos — the  taetils  < 
of  Eanvier. 
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The  special  end  organs  are  of  three  chief  varieties  (Fig.  606) :  (a)  Corpuscula 
nilboidea  (Krausii),  found  on  the  lips,  glans  penis,  etc.,  and  consisting  of  a  connective 
aasue  capsule  enclosing  a  core  of  elongated  and  polygonal  cells,  amongst  which  the 
*xis-cylinder  of  the  nerve  fibril  becomes  branched  and  its  ramifications  end  in 
clubl)ed  extremities.     (6)  Corpuscula  lamellosa  (Vateri  and   Pacini).     These   are 
small,  oval  bodies,  with  a  long  diameter  of  2  to  3  mm.,  and  are  found  in  the 
subcutaneous  tissue  attached  to  the  nerve  trunks.     They  are  very  numerous  on 
the  digital  nerves,  but  are  present  in  many  other  situations,  e.g.  in  the  mesentery. 
Each  possesses  a  sheath,  consisting  of  a  number  of  concentrically  arranged  connective 
tissue  lamellae,  covered  by  endothelium  continuous  with  the  perineurium.     The 
central  part  of  each  corpuscle  consists  of  a  soft,  almost  homogeneous  core.     The 
nerve-fibre  passes  along  the  __ 

centre  of  the  stalk  of  the 
corpuscle,  and,reaching  the 
core,  loses  its  medullary 
sheath,  whilst  its  axis- 
cylinder  passes  into  the 
core  and  l^ecomes  branched 
near  its  distal  extremity, 
the  ])ranches  ending  in 
bulljous  enlargements,  (c) 
CorpuBcula  tactiu  (Meis- 
sneri).  These  are  very 
numerous  on  the  flexor 
aspect  of  the  hands  and 
feet,  and  especially  so  in 
the  skin  over  the  terminal 
phalanges;  but  they  also 
exist  in  other  parts  of  the 
hody.  They  occupy  certain 
ofthepapillaeofthecorium, 
and  are  oval  in  shape,  their  long  diameter  in  the  hand  l)eing  from  110/x  to  I6O/1. 
They  consist  of  a  connective  tissue  capsule,  which  sends  imperfect  septa  into  tlie 
luterior  of  the  corpuscle.  One  or  two  nerve-fibres  perforate  the  capsule,  either 
Jirectly  or  after  taking  a  spiral  course  around  it ;  and  losing,  as  a  general  rule, 
their  medullary  sheath,  their  axis-cylinders  break  up  into  fibrils,  which  end  in 
globular  or  discoid  enlargements. 

Ruffiui  has  dtiscribed  a  sj)».*cial  variety  of  terminal  <'or})Uscle  iu  tlu*  human  finder.  They  are 
eruiHl  Raffini*8  endings,  and  are  situated  either  at  the  junction  of  the  0{.)rium  and  subcutiineoits 
iJvsue,  or  are  embtnided  in  the  latt<»r.  Of  an  oval  8haj)e,  they  amsist  of  a  connective  capsule 
r'ithin  wliicb  the  axis-cylinder  divides  into  varicose  tilaments,  and  these  terminate*  in  small 
no)»s. 

Appendages  of  the  Skin. 

The  appendages  of  the  skin  comprise  the  nails,  the  hairs,  the  sebaceous,  and  the 
udoriparous  or  sweat  glands. 

Nidls. — The  nails  or  imgues  (Figs.  607,  608)  are  epidermal  structures,  and,  in 
lan,  represent  the  hoofs  and  claws  of  the  lower  animals.  The  root  of  the  nail,  or 
adix  unguis,  is  hidelen  from  view  and  embedded  in  a  fold  of  skin  ;  the  body  (cori)us 
nguis),  or  uncovered  part,  rests  on  the  coriiim  and  ends  in  a  free  edge  (margo 
il>er).  The  greater  part  of  the  lateral  margins  is  overlapped  by  a  duplicature 
f  skin,  termed  the  nail-wall  or  vallam  unguis.  The  nails  are  pink  in  colour,  with 
he  exception  of  a  small  semilunar  area  near  the  root,  which  is  more  opaque  than 
he  rest,  and  is  named  the  lunula.  The  lunuloe  diminish  in  size  from  the  thumb 
owards  the  little  finger,  while  the  thickness  of  the  nail  diminishes  towards  its  root 
nd  lateral  margins.  Tlie  corium  under  the  nail  is  highly  vascular  and  sensitive, 
nd  presents,  especially  under  the  anterior  part  of  the  body,  numerous  longitudin- 
lly  arrange<l  papillse.  The  part  of  the  corium  under  the  body  is  termed  the  nail 
ad ;  that  under  the  root,  the  nail  matrix.     The  deep  part  of  the  nail  consists  of 


Fig.  606.— Tactile  Corpuscles. 

A,  End  bulb  (Krause). 

B,  Corpuscle  of  Pacini      \      -       Ranvier) 

C,  Corpuscle  of  Meissner  /  ^*"**  i^anvier). 


r76 


THE  SKIN  OE  INTEGUMENT. 


the  fttratum  germinativuni  and  stratum  mucosum,  while  its  superficial  homyportiun 
is  constituted  by  a  greatly  thickened  stratum  lucidum,  and  consists  of  nucleated. 
keratinised  squames.  The  stratum  corneum  is  represented  by  the  thin  cuticular 
Ibid  overlapping  the  lunula,  and  termed  the  eponychinm,  while  the  stratum  granu- 
losum  can  only  be  traced  as  far  forwards  as  the  nail  root. 


Hioiy  part  of  Hall 
NViL  bid. 


VaHuiti 


Fr(].  607. — Transverse  Seition  of  a  Nail. 


Hairs. — Hairs  (pili)  are  well  develoi)ed  on  the  scalp,  pubes,  and  margins  of  tlie 
eyelids,  in  the  axilla,  the  vestibule  of  the  nose,  and  at  the  entrance  to  the  concha, 
and  also  on  the  face  of  the  male.  Tlu3se  on  the  genitals  and  face  appear  alwut 
puberty.  Eudimentary  over  the  greater  part  of  the  Ixxly,  they  are  entirely  abpem 
on  the  flexor  surfaces  of  the  hands  and  feet,  over  the  dorsal  aspect  of  the  terminal 


Root  of  nail 


Eponycliiuiii' 
Uoruy  i>art  of 


Nail  inatn\ 


Kio.  608. — IjOnc.itudinal  Section  throuoh  Root  op  Nail. 

phalanges,  llie  glans  penis,  the  inner  surface  of  the  prepuce,  and  inner  aspect  of  the 
labia.  Marked  variations,  individual  and  racial,  exist  as  to  the  colour  of  the  hair, 
and  also  as  to  the  manner  of  its  growth  ;  hence  the  terms  straight,  curly,  woolly, 
etc.  are  used  to  designate  it.  Straight  hairs  are  coarser  than  curly  ones,  and  have, 
moreover,  a  circular  or  oval  outline  on  transverse  section,  curly  hairs  being  flat 
and  riband-like. 

The  root  of  the  hair  (radix  pili)  is  eml)edded  in  a  depression  of  the  skin,  teniied 
the  hair  follicle  (Fig.  604) ;  while  the  free  portion  is  named  the  stem  or  shift,  and 
consists  from  without  inwards  of  three  parts,  viz.  cuticle,  cortex,  and  medulla.  The 
cuticle  is  f<jrmed  by  a  layer  of  imbricated  scales  which  overlap  one  another  from 
l>eli)w  upwards.  Tlio  cortex  consists  of  longitudinally  arranged  fibres  made  up  of 
elongated,  closely  applied,  fusiform  cells,  which  contain  pigment  and  sometimes  air 
si)aces,  tlie  latter  es^yecially  in  white  hairs.  The  medulla,  absent  from  the  fine 
hairs  of  the  body  generally  and  from  the  hairs  of  young  children,  forms  a  central 
(jore,  which  appears  black  by  transmitted,  and  white  by  retlected  light,  and  is 
composed  of  |)olyhedral  nucleated  cells  containing  pigment,  fat  granules,  and  air 
spaces. 

The  hair  follicle  (foUiculus  pili)  consists  of  an  oblique  or  curved — the  latter  in 
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rly  hairs — invagination  of  the  epidermis  and  corium,  which  in  the  case  of  large 
irs  extends  into  the  subcutaneous  tissue  (Fig.  604) ;  some  little  distance  below  its 
fice  the  ducts  of  the  sebaceous  glands  open  into  it.  The  portion  of  the  follicle 
rived  from  the  corium  (dermic  coat)  consists  of  a  fibrous  sheath  of  external  longi- 
dinal  and  internal  circular  connective  tissue  fibres,  the  latter  being  Uned  by  a 
aline  layer  directly  continuous  with  the  basement  membrane  of  the  corium.  The 
rts  of  the  follicle  derived  from  the  epidermis  are  named  the  inner  and  outer  root 
eathfl.  Below  the  orifices  of  the  sebaceous  gland  ducts  the  outer  root  sheath  is 
rmed  by  the  stratum  germinativum  and  stratum  mucosum,  while  above  them  all 
le  epidermal  strata  contribute  to  it.  The  inner  root  sheath  surrounds  the  cuticle 
the  hair,  and  consists  from  without  inwards  of —  (a)  Herde's  layer,  a  single  stratum 
'  nucleated,  cubical  cells ;  (6)  Huxley's  layer,  a  single  or  double  layer  of  polyhedral 
udeated  cells ;  and  (c)  a  delicate  cuticle,  consisting  of  a  single  layer  of  flattened 


Fibrous  Hlieath  \  Derive<l  from 

f      [LiA^riL^'Fit  iiisiiibntiQ  \  ttiecoiium 


Btmtum  ^t^tinlimtlvum )  Onter  root 


nuer  root 


Heule'A  layer   \ 
Hu^ey's  layer'—,; 
Catlclu  j 


Suction  of  hair 


Fio.  609.— Transveiwk  Section  of  Hair  Follicle  with  contained  Hair  (highly  luaguiticd). 

ubricated  cells,  with  atrophied  uucleL  The  bottom  of  the  hair  follicle  is  iudeuted 
{  a  vascular  papilla  (papilla  piU),  derived  from  the  corium  and  cap|)ed  l)y  the 
lib  (bulbus  pili)  or  expanded  part  of  the  liair  root.  The  cells  of  the  bull)  are 
utinuous  with  those  of  tlie  outer  root  sheath,  and  form  the  different  parts  of  the 
lir,  as  well  as  its  inner  root  sheath.  The  vessels  form  capillary  loops  in  the  papilla 
the  hair,  and  send  twigs  into  the  outer  layer  of  its  fibrous  sheath ;  the  iuuer 
id  outer  root  sheaths  and  the  different  parts  of  the  hair  are  non- vascular.  Tlie 
ir\*es  terminate  in  longitudinal  and  annular  fibrils  below  the  level  of  the  sebaceous 
ands  and  outside  the  hyaline  layer  of  the  follicle. 

Sebaceous  glands  (glanduluj  sebaceai)  exist  wherever  there  are  hairs,  and  their 
lets  open  into  the  superficial  part  of  tlie  hair  follicles  (Fig.  604) ;  the  number  of 
ands  associated  with  each  follicle  varies  from  one  to  four.  On  the  labia  minora 
id  mammary  areolai  they  open  on  the  surface  of  the  skin  independently  of  hair 
Hides,  and  in  the  latter  situation  uiider»^o  great  enlargement  during  jiregnancy. 
36  deep  extremity  of  each  gland  expantls  into  a  cluster  of  oval  or  tiask-sha^x^d 
Teoli,  which  are  surrounded  by  a  l)asemeut  membrane,  and  filled  with  polyhedral 
Us  containing  oil  droplets.  By  the  breaking  down  of  the  superficial  cells,  their 
ly  contents  are  liberated  as  the  sebum  cutanemn  and  discharged  into  the  hair 
llicle,  whilst  the  deeper  cells  undergo  proliferation.     The  size  of  the  %ls.tvd  b^^T^ 
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'I  li<-  glandK  of  Moll  '^'Lindulji-  cili/iP'>  ,  oj;»'niii.ir  at  1 1  if  margins  of  the  eyelids,  and 
\.\n'.  glandube  ceruminosae  of  th*-  ♦•xt<;rniil  auditory  iiitMtus.  are  lUiKlitieii  siid. iriparoas 
;/Iiind-:  tlj*-  f-iiiinT  anr.  h'»\\.\»'r,  not  coih.Ml  njMo  fnrni  glomeruli,  while  the  wU 
l»ri»lo|il.L-Mi  ol  \.\n:  lit.t'T w'oiii.jiiijH  yi.|lo\\is!i  pigiurTit,  jMid  their  glaud  ducts,  in  the 
folii-.  i»j.«*ii  into  h,iir  fo|lir-|<-s. 
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Skin.  'Ill*-  vanciihir  and  MMisitive  ^roriuiii  in  dcvcl<iiH.'<l  from  the  mesoderm,  the  cells 
of  wliirli,  iiiiiii<;di;ihly  iiiidrrlyinir  the  octo  Utiii,  liave,  by  the  second  month  of  fa'tal  life 
Imtiiiih-  ifji:vt"^iLUt\  totrrihrr  and  Hjitteiied  jiandlel  to  the  surface  of  the  embryo.  By  the 
third  iii'Mith  t.fiey  an-  wm-n  Xn  form  two  layers,  the  sujKirficial  of  which  l>ecomes  the 
ioriuiii,  ami  tin-  ^\r^^\»•r  tli««  subcutaneous  tissue;  the  pajiilUe  of  the  corium  nuike  their 
a|»|M'araiir«r  in  ilir  fourth  month.  The  ejmlerinis,  nails,  liair»»  sweat  and  sebaceouss  •;lan*ls 
an*  iill  of  e(:t<HJ4'rnial  oriirin. 

Till'  «-iiidfrniis  at  first  ronsists  of  a  single  layer  of  cells,  but  by  the  end  of  the  second 
niontfi  it  is  iiujiIieattMJ,  and  then  exhibitii  a  superficial  layer  of  irregular  cells  and  u  deeper 
lay«T  of  more  or  h?sH  cubical  rells.  \iy  the  thinl  mouth  three  strata  are  seen  :  («i)  a  deep 
lay«*r,  consist  in;:  of  a  siui^le  stratum  of  cubical  cells  the  future  stratum  gemiinativnm : 
(ft)  a  middle  layer,  com|»risiu^r  two  or  three  strata  of  irregular  cells — the  future  stntum 
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D6um ;  and  (c)  an  outer  layer,  a  double  stratum  of  large  cells.  This  outer  layer 
ars  to  be  homologous  with  a  thin  membrane,  termed  the  epitrichiuin,  first  described 
)vering  the  embryo  of  the  sloth  and  overlying  its  hairs,  but  since  shown  to  be  present 
rds  and  mammals.  Over  the  hairy  parts  of  the  body  it  disappears  about  the  sixth 
th ;  but  over  the  free  edge  and  root  of  the  nails,  and  on  the  palms  and  soles,  it 
lops  into  several  layers  of  cells,  which,  in  these  parts,  probably  persist  to  form  the 
t  stratum  comeum.  The  part  which  persists  over  the  root  of  the  nail  is  termed 
iponychium,  and  covers  the  proximal  part  of  the  lunula  (mde  p.  776).  The  stratum 
lum  is  differentiated  from  the  cells  of  the  epitrichium,  and,  where  the  latter  is  lost, 
ibly  forms  the  superficial  layer  of  the  epidermis  as  it  does  the  horny  part  of  the  nails. 
Mails. — The  first  rudiment  of  the  nails  is  seen  about  the  beginning  of  the  third 
th  of  embryonic  life,  and  consists  of  a  thickening  of  the  epitrichium  over  the  extremity 
le  digits.  Owing  to  the  growth  of  the  palmar  aspect  of  the  digits,  the  nail  rudiment 
38  to  be  placed  dorsally,  and,  at  its  proximal  edge,  an  ingrowth  of  the  stratum 
osum  occurs  to  form  its  root,  while  the  future  nail  becomes  limited  behind  and  later- 
by  a  groove.  The  superficial  cells  of  the  stratum  mucosum  become  keratinised  to 
I  a  thick  stratum  lucidum,  the  future  nail  proper,  over  the  greater  part  of  which  the 
-ichium  disappears.  The  latter  persists  in  the  adult  as  the  perionyx  across  the  root 
le  nail,  and,  until  fifth  month,  also  forms  a  thick  mass  over  the  extremity  of  the  nail, 
is  continued  into  the  stratum  comeum  over  the  end  of  the  digit.  The  future  distal 
of  the  nail,  at  this  stage,  is  continuous  with  the  stratum  lucidum  in  front  of  it ;  but 
continuity  is  lost,  and  by  the  seventh  month  the  nail  presents  a  free  border.  The 
,  grow  in  length,  and  are  renewed,  in  case  of  removal,  by  a  proliferation  of  the  cells 
le  stratum  mucosum  at  the  root  of  the  nail,  while  an  increase  in  their  thickness  takes 
3  from  the  part  of  the  same  stratum  which  underlies  the  lunula. 
riairs. — The  hair  rudiments  appear  about  the  third  month  of  embryonic  life  as  solid 
igrowths  of  the  stratum  mucosum,  which  pass  obliquely  into  the  subjacent  coriuni. 
deep  end  of  this  column  of  cells  becomes  expanded  to  form  the  hair  bulb,  and  rests 
papilla  derived  from  the  corium,  the  epidermis  immediately  overlying  which  becomes 
rentiated  into  the  hair  and  its  inner  root  sheath,  while  the  peripheral  cells  form  its 
r  root  sheath.  The  surrounding  corium  becomes  condensed  to  form  the  fibrous  sheath 
e  hair  follicle,  the  hyaline  layer  of  which  is  continuous  with  the  basement  membrane 
ring  the  corium.  The  hair  gradually  elongates,  and,  reaching  the  neck  of  the  follicle, 
ctremity  lies  at  first  under  the  epitrichium,  but  becomes  free  on  the  disappearance  of 
atter.  This  takes  place  about  the  fifth  month,  and  the  first  crop  of  hairs  constitutes 
anuyo,  which  is  well  developed  by  the  seventh  month.  Tlie  lanugo  consists  of  very 
ate  hairs,  some  of  which  are  shed  before,  the  remainder  shortly  after  birth — the  last 
r)p  out  being  those  of  the  eyelashes  and  scalp — and  are  replaced  by  stronger  hairs, 
ding  and  renewal  of  the  hairs  take  place  during  life,  the  renewal  being,  of  course,  absent 
e  case  of  baldness.  Prior  to  the  shedding  of  a  hair  active  growth  and  proliferation 
e  cells  of  the  hair  bulb  cease,  and  the  papilla  becomes  atrophied,  while  the  hair  root, 
ually  approaching  the  surface,  at  last  drops  out.  New  hairs  arise  from  epidermic 
,  which  extend  downwards  from  the  follicle,  and  their  development  is  identical  with 
of  the  original  hairs. 

>ebaceous  Glands. — These  appear  about  the  fifth  month  as  solid  outgrowths  from 
;ides  of  the  hair  follicles,  and  consist  of  epidermal  offshoots  continued  from  the  cells 
le  outer  root  sheath.  Their  deep  ends  become  enlarged  and  lobulated,  to  form  the 
ting  part  of  the  gland,  while  the  narrow  neck  connecting  this  with  the  follicle  forms 
net.  The  sebaceous  secretion,  together  with  the  cast-off  epidermal  cells,  is  collected 
le  surface  of  the  l)ody  during  the  last  months  of  intrauterine  life,  and  forms  a  layer 
Tying  thickness,  termed  the  vemix  caseosa  or  smegma  embryonum. 
>weat  Glands. — These,  like  the  hairs,  arise  as  solid  downgrowths  of  the  stratiun 
>sum.  They  descend,  however,  perpendicularly,  instead  of  obliquely,  and  are  of  a 
wish  colour  ;  they  appear  on  the  palms  and  soles  early  in  the  fifth  month,  but  much 
over  the  hairy  parts  of  the  body.  The  downgrowths  extend  through  the  corium,  and, 
caching  the  subcutaneous  tissue,  become  coiled  up  to  form  the  secreting  part  of  the 
L     The  lumen  of  the  gland  does  not  open  on  the  surface  until  the  seventh  month. 


THE   VASCULAR  SYSTEM. 

P>Y  Alfred  H.  Young  and  Arthur  Robinson. 

The  Vciscular  system  consists  of  a  series  of  tubular  vessels,  with  more  or  le» 
distinct  walls,  which  run  through  all  parts  of  the  body.  Some  contain  blood,  other* 
are  filled  with  a  colourless  fluid  called  lym])h ;  hence  the  distinction  between  the 
l)lood-vasculiir  system  and  the  lym])h-va8cular  system.  The  two  systems  differ,  ni»i 
only  as  rci^'ards  ihcir  contents,  but  also  in  their  relations  to  the  tissues  amongst 
which  they  lie ;  for  wliilst  the  vessels  of  the  former  system,  with  the  passible 
exce])tion  of  the  splenic  vessels,  are  closed,  those  of  the  latter  commuuicate  freely 
with  intercollular  sjjaces  and  seroiLs  Siics. 

Th(^  blood-vascular  system  is  tubular  throughout ;  the  tubes  or  vessels  puSBess 
distinct  walls ;  they  vary  in  size  and  in  the  structui-e  of  their  walls,  but  all  con- 
tain blood,  which  is  conveyed  througli  them  to  and  from  the  tissue  elements  of  the 
l>ody.  The  blood  is  propelled  alonj^'  the  vessels  chiefly  by  a  central  propula^e 
or^^an — the  heart.  Tlie  outgoinix  vessels  from  the  heart,  along  which  blood  is 
transmitted  to  the  tissues,  are  termed  arteries;  the  vessels  which  return  blood  fitnu 
th(!  tissues  to  the  heart  arc  known  as  veins;  whilst  the  smallest  tubes — those  which 
connect  t  ho  arteries  and  veins  together,  constituting  at  once  the  terminations  of 
the  arteritis  and  the  connncncements  of  the  veins — are  called  capillaries. 

Hlood  capillaries  are  very  small  (hair-like)  vessels  with  exceedingly  thin  walls, 
which  i-crmit  of  the  easy  ]>assage  outwanis  of  the  nutritive  plasma  from  the  Hood 
to  the  tii^sues,  and,  in  the  o]>posite  direction,  of  some  of  the  products  of  tissue  changefi 
and  of  moditicd  food  material  from  the  alimentary  canaL 

Arteries  and  veins  are  simply  conducting  passjiges;  structurally  they  dife 
from  ca]»illaries  in  the  greater  complexity  of  their  walls.  They  vary  greatly  in  flitti 
but  arc  always  larger  than  wipillaries.  The  calibres  of  the  arteries  and  Yrins 
increase  progressively  from  the  periphery  up  to  the  heart,  where  the  vessels  reach 
their  greatest  size.  With  the  increase  in  calibre  there  is  a  corresponding  increase 
in  the  thickness  and  complexity  of  their  walls. 

Structure  of  Blood  Capillaries. — Capillaries  measure  from  thjW  to  viAnr  ^^  ^ 
inch  in  diameter,  and  about  .^^  to  .?fj  of  an  inch  in  length.  Their  walls  are 
simple,  and,  in  the  smallest  ca])illaries,  consist  princi^mlly  of  elongated  elastic  CDdo- 
thehal  cells,  with  sinuous  edges,  ]Mjintcd  extremities,  and  oval  nuclei.  The  cells  are 
cem»'nted  to  one  another  along  tlieir  margins  by  intercellular  cement,  which  readily 
stains  with  nitrate  of  silver.  Here  and  there  the  cemi.Mit  substance  appears  to  accu- 
mulate, forming  minute  spots  indicative  of  the  less  perfect  apposition  of  the  edges 
of  the  cells.  These  spots,  when  small,  form  the  so-calleil  stigmata:  when  largtT 
they  are  known  as  stomata. 

Tlie  larger  capillaries  are  invested  by  a  connective  tissue  sheath  consisting  of 
branched  cells  which  are  united  together  and  to  the  endothelial  cells  of  the  capillary 
wall.     This  sheath  is  termed  the  adventitia  capillaiis. 

Ca[)illaries  are  arranged  in  networks,  the  natnn^  and  character  of  which  differ 
in  different  tissues.  The  small  arterites  which  end  in  them  arts  known  as  caiiillAiT 
arterioles,  and  the  venous  radicles  which  commence  from  them  are  appropriately 
^lenned  capillary  veins. 
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T.  media 
T.  intiina 


—with  connective  tissue  sheath,  "adveutitia  ca]}illariM~  " 
Capillary  arteriole— showing  uiuhcIh  cells  of  middle  coat,  few 
and  scattered.  C.  Artery— muscular  elements  of  the  tunica 
media  funning  a  continuous  layer. 


5ture  of  arteries  and  veins. — The  delicate  elastic  endothelial  membrane 
;he  wall  of  the  simplest  capillaries  extends  as  a  continuous  lining  through- 
whole  of  the  blood-vascular  system.  The  constituent  cells  are  fusiform, 
.nd  pointed  in  the  arteries,  whilst  in  the  veins  they  are  somewhat  shorter 
iler. 

Host  essential  structural  difference  between  capillaries  and  the  arteries  and 
ich  they  unite  together,  is  to  be  found  in  the  presence,  in  both  of  the  latter, 
ntary  uiuscular  fibres  inter- 
:ween  the  endothelial  lining  t.  externa/. 

outer    connective    tissue 
In  small  vessels,  e.g,  capil- 
rioles,  the  muscle  cells  are 
lumber  and  more   or  less  ^  ^      ^=v         ^^ 

In    larger    vessels    the    Ym,  610.— Stroctcrb  ok  Blood- Vessels  ((Uagrammatic). 
30me    stronger    and    thicker,    ^i^  Caplllary— with  simple  endothelial  walls.    Aa,  Urger  capillary 

•      flV>t*p(a       IHPTPR.RP      fl.nH       fni*m  — «v{fh    i*nnn«M>tivM    HuaiiM    a>i*atVi      <<  mlvjiiif  if  <a   naikillariu  "      It 

uous  layer,  whilst  yellow 
iid  ordinary  white  connec- 
le  are  added  in  varying  proportions.  The  walls  of  the  vessels  thus  become 
iplex,  and  numerous  strata  may  be  distinguished ;  these,  however,  are  for 
nee  regarded  as  forming  three  layers,  which  are  known  as  the  inner, 
ind  outer  coats,  superadded  to  which  is  the  investing  common  sheath. 
3ture  of  Arteries. — The  walls  of  arteries  are  stronger  and  thicker  than 
veins  of  corresponding  size,  the  inner  and  middle  coats  being  particularly 
lastic  and  muscular  elenienta 

p  coat  (tunica  intima). — The  simple  endothelial  layer  of  the  arterioles  is 
Bned  by  the  addition  of  yellow  elastic  tissue,  the  fibres  of  which  are 
arranged  in  such  a  manner  as  to  simulate  a  fene- 
strated membrane.  In  arteries  of  medium  size  the 
elastic  lamina  is  separated  from  the  endothelium  by 
a  layer  of  connective  tissue  consisting  of  branched 
cells  and  numerous  fibrils.  In  the  larger  arteries 
the  sub-endothelial  connective  tissue  is  considerably 
increased,  and  delicate  elastic  fibres  appear  which 
connect  it  with  the  more  externally  situated  fene- 
strated elastic  layer. 

The  middle  coat  (tunica  media)  in  the  capil- 
lary arterioles  consists  solely  of  scattered  unstriped 
muscle  fibres;  the  individual  fibres  are  circularly 
disposed,  but  do  not  entirely  surround  the  vessel. 
In  small  arteries  the  muscle  cells  are  so  far  increased 
^^_^  ^  -^  '         in  amount  that  they  form  a  continuous  though  thin 

■ife^    "  ^-^^i'_-  layer.     As  the  arteries  increase  in  size   additional 

^^^  "^      "^  "  layers  of  muscle  cells  are  added,  and  the  greater 

thicknass  of  the  arterial  wall  is  mainly  due  to  this 
increnHe  of  the  muscular  elements  of  the  middle  coat. 
In  the  larger  vessels  delicate  laminte  of  elastic  tissue 
alternate  with  the  layers  of  muscular  fibres,  and  in 
the  aorta  and  the  carotid  arteries,  as  well  tus  in  some  of 
-TuANsvKusE  Section  ^^^'  branches  of  the  latter,  the  ekstic  elements  largely 
(;h  thk  Wall  of  a  LAuciK  pre]>onderate.  In  the  first  part  of  the  aorta,  in  the 
^-  pulmonary  artery,  and  in  tlie  arteries  of  the  retina,  the 

muscular    fibres    are    entirely    replaced    by  elastic 
tissue. 

external  coat  (tunica  exUaiia)  of  an  artery  consists  almost  entirely  of 
d  connective  tiasiie,  with  connective  tissue  corpuscles  lying  in  corre- 
[  K|)aces.  In  all  Imt  the  smallest  arteries  numerous  elastic  fibres  are  also 
The  elastic  element  is  sjH^cially  strong  near  the  middle  coat  in  small 
iium   sized    vessels,  and  is  sometimes  de8cril>ed  a*  the  Qy^tAtrvei  ^WKKr. 


I  iiitima.     B,  Tunitra  nie<lia. 
C.  Tunica  externa. 
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the  blood-vessels  are  supplied  by  numerous  small  arteries,  called  vasa 

which  are  distributed  to  the  outer  and  middle  coats.     They  arise  either 

vessels  they  supply  or  from  adjacent  arteries,  and  after  a  short'  course 

^  walls  of  the  vessels  in  which  they  end.     The  blood  is  returned  by  small 

sorum. 

phatics. — Although  the  cell  spaces  in  the  middle  and  inner  coats  may  be 
I  OB  the  commencement  of  lymphatics,  definite  lymphatic  vessels  are  limited 
liter  coat. 

^voa — Arteries  and  veins  are  well  supplied  with  both  medullated  and  non- 
tted  nerve-fibres.  The  fibres  form  dense  plexuses  on  the  outer  surfaces  of 
^^ela,  from  which  filaments  pass  to  the  middle  coat  to  be  distributed  almost 
>'  to  its  muscular  fibres. 

iflions  of  the  Blood* Vascnlar  System. — Blood-vessels  convey  blood  to  or 
he  tissues  of  the  })ody  generally,  or  to  and  from  the  lungs.  The  former 
•ute  the  Bsrstemic  vessels  or  general  ssrstem ;  the  latter  form  the  pulmonary 
,  These  two  systems  are  connected  together  by  the  heart. 
iB  venous  trunks  passing  to  the  liver  form  a  subsidiary  part  of  the  general 
lie  group  of  vessels,  which  is  known  as  the  portal  system. 

THE  HEART. 

B  heart  (cor)  is  a  hollow  muscular  organ,  and  is  enclosed  in  a  fibro-gerous 
own  as  the  pericardium.  It  receives  blood  from  the  veins,  and  propels  it 
id  along  the  arteries.  The  cavity  of  the  fully  developed  heart  is  completely 
ted  into  riglit  and  left  halves  by  an  obliquely  placed  longitudinal  septum, 
ch  half  is  divided  into  an  upper  receiving  chamber,  the  auricle,  and  a  lower 
g  chamber,  the  ventricle.  Tlie  separation  of  the  auricle  from  the  ventricle, 
er,  is  not  complete.  Externally  a  comparatively  shallow  constriction, 
ig  transversely  to  the  long  axis  of  the  organ,  indicates  the  distinction 
m  the  auricles  and  ventricles ;  internally  a  wide  aperture  is  left  between 
iiricle  and  ventricle  of  each  side.  Each  auricalo-ventricular  aperture  is 
.ed  with  a  valve  which  allows  the  free  passage  of  blood  from  the  auricle  to  tlie 
cle,  ])ut  effectually  prevents  its  return. 

las  ahi^ady  been  ]Knnt«l  out  tluit  the  delicat-e  wallfl  of  the  blood  capillarioa  allow  of  the 
ssage  outwards  ot  nutritive  jdasnia  frcjm  the  blood.  It  parses  into  spaces,  or  intercclluLir 
k,  in  wliirli  tlie  tissue  elements  lie  ;  thus  the  latter  are  directly  bathed  in  blootl  plasma, 
ercellular  si»accs  form  the  commencement  of  the  lymph -vascular  system.  They  comniuiii- 
jetlicr,  and  open  into  lymph -vessels  which  carry  the  used  plasma  biick  to  the  blood -vascular 
,  but  in  additiou  they  also  <onvey  new  nutritive  mati*rial,  the  pro<luct  of  di^'estive 
L*s,  fiv»m  the  alimentary  efinal. 

nph -vessels,  in  other  woi-tls,  convey  material  from  the  tissues.  15  loo<  1  -  vessel-*  convey 
il  lx)th  to  and  from  the  tissues. 

•  removal  of  w;iste  p^xhuts  from  the  blo(Kl  is  ja-ovidecl  for  by  sjiecial  organs,  sonuM)f  which 
iply  interposed  in  the  course  of  tin*  general  circulation— ^.f/.  the  liver,  the  kidiu'ys,  and  the 
The  lungs,  however,  where  the  impiu^e  or  venous  blofxl  rtuH'ives  its  main  supply  of  oxygen 
res  uj>  most  of  its  carlxmir  oxide,  etc.,  do  not  lie  in  the  course  of  the  general  or  syst»'nii<* 
tion ;  fi-om  them  a  secondary  or  i>ulmonary  circulaticm  is  established,  by  which  venous 
4  conveye<l  from  the  heart  to  the  lungs  by  the  jmlmonary  artery  and  its  branches,  and,  after 

•  thiv>ugh  the  pulmonary  capillaries,  is  returned  again  to  the  hi*art  as  puie  arterial  Wood 
pulmonary  veins. 

'  heJirt,  anatomic^illy  a  single  organ,  is  correspondingly  mcKlified,  and,  as  described  above, 
rided  by  a  sej>tum  iiiU)  a  right  and  a  left  ]>art.  The  right  side  rticeives  the  blocnl  from 
temic  veins,  and  ejects  it  into  the  pulmonary  artery;  whilst  the  left  side  ri'ceives  blood 
le  pulmonary  veins,  and  ejects  it  into  the  main  systemic  artery — the  iUjrtA. 

e  shape  of  the  heart  is  that  of  an  irregular  and  somewhat  flattened  cone ;  and 
,  an  apex,  two  surfaces  (inferior  and  antero-superior),  and  two  borders  (right 
ft)  are  distinguishable. 

I  oblique  groove — the  auriculo- ventricular  groove  (sulcus  coronarius) — runs 
ersely  to  the  long  axis  of  the  organ,  and  separates  the  upper  auricular 
1  from  the  lower  ventricular  part.  The  separation  of  the  auricular  portion 
ght  and  left  chambers  is  only  marked  externally  at  the  base  of  the  heart. 
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membrano  of  Henle.     In  some  arteries  longitudinally  arranged  unstriped  mii«cnlar 
fibres  are  also  found  in  the  external  coat. 

Tlie  sheath  of  an  artery  (vagina  vasis). — In  addition  to  the  three  c«jais 
above  descril>ed,  arteries  are  enclosed  in  a  sheath  of  the  surrounding  conni^ctive 
tissue,  and  are  more  or  less  connected  with  it  by  fine  strands  of  fibrillaid 
connective  tissue. ' 

Structure  of  Veins. — The  walls  of  veins  are  similar  in  structure  to  those 
of  arteries;  they  are,  however,  thinner,  so  much  so,  that,  although  veins  are 
cylindrical  tubes  when  full  of  blood,  they  collapse  when  empty,  and  their  lumina 
almost  disappear.  The  structural  details  of  the  three  coats  vary  somewhat  in 
diflerent  veius ;  in  most  the  inner  coat  is  marked  by  folds  which  constitute  valve>. 
Like  tlie  arteries,  the  veins  are  enclosed  in  connective  tissue  sheatlis. 

The  inner  coat  (tunica  iutima). — In  the  majority  of  the  veins  tlie  inner  awt 
includes  an  internal  endothelial  layer,  a  middle  layer  of  sub-endothelial  connective 
tissue,  and  an  outer  layer  of  elastic  tissue.     Tlie  inner  coat  of  a  vein  is  less  brittle 

than  the  inner  coat  of  an  artcr}'.  and  is  more  easily 
peeled  off  from  the  middle  coat.     The  8ul>-endothelial 
tissue  is  a  fine  fibrillated  connt^ctive  tissue,  lessabuml- 
ant  than  in  the  arteries,  and  indeed  in  many  cases  it  is 
absent.      The   elastic   layer  consists   of  lamella*  i>i" 
elastic  fibres  which  are  arranged  longitudinally,  ami 
it  rarely  forms  a  fenestrated  membrane. 

One  of  the  chief  }>oculiarities  of  the  inner  coa.  t^ 
is  the  presence  of  folds  of  its  substtince  whicli  con  — 
stituto.  valves.     The  valves  are  of  semilunar  shape? , 
and   they   are    usually   arranged    in   ptiirs.     Their 
convex  borders  are  c(mtinuous  with  the  vessel  wall  • 
and  their  free  borders  are  turned  towards  the  heart-  : 
whilst,  therefore,  they  do  not  interfere  with  the  fre*? 
How  of  blood  onwards,  they  prevent  any  liackwarvi 
flow  towards  the  periphery,  and  they  help  to  sustain 
Fig.  «12.  — Tkansvbrsk  Section  ok   ^'i©  column  of  blood  in  all  vessek  in  which  there  is  an 
THK  Wall  of  a  Vein.  upward  flow.     Each  valve  consists  of  a  fold  of  the 

A/fuiiica  ii|tm^^^^^^  iuncr  or  endothelial  layer,  strengthened  by  a  little 

connective  tissue.  As  a  general  nile,  the  wall  of  the 
vein  is  dilated  a])ove  each  valve  into  a  shallow  pouch  or  sinus;  consequently,  when 
the  veins  are  distended  they  assume  a  nodulated  appearance.  The  valves  are  more 
numerous  in  the  deep  than  in  the  superficial  veins,  and  in  the  veins  of  children 
than  in  the  veins  of  adults. 

The  middle  coat  (tunica  media)  is  much  thinner  than  the  corresponding  coat 
of  an  artery,  and  it  contains  a  smaller  amount  of  muscular  and  a  larger  amount 
of  ordinary  connective  tissue ;  indeed,  so  much  does  the  latter  preponderate  that  it 
separates  the  muscular  fibres  into  a  numl)er  of  bands  isolated  from  each  other  by 
strands  of  connective  tissue,  and  the  muscle  fibres  do  not  form  a  continuous  layer. 
In  some  of  the  veins  the  more  internal  muscular  fibres  do  not  retain  the  transverse 
direction  which  is  usually  met  with  lK)th  in  arteries  and  veins ;  on  the  contranr, 
they  run  longitudinally.  This  condition  is  met  with  in  the  brandies  of  the 
mesent<^ric  veins,  in  the  femoral  and  iliac  veins,  and  in  the  umbilical  veins.  The 
middle  coat  is  absent  in  the  thoracic  part  of  the  inferior  vena  cava ;  it  is  but 
slightly  devcloixjd  in  many  of  the  larger  veins,  whilst  in  the  jugular  veins  its 
muscidfir  tissue  is  very  small  in  amount. 

The  external  coat(tunicaextenia). — This  coat  consists  of  white  fibrous  and  elastic 
tissue.  1  n  many  of  the  larger  veins  a  considerable  amount  of  muscular  tissue  is  also 
present ;  this  is  the  case  hi  the  iliac  and  axillary  veins,  the  abdominal  part  of  the 
inferior  vena  cava,  the  azy^^'os  veins,  and  in  the  renal,  spermatic,  splenic,  superior 
mesenteric,  portal,  and  hejKitic  veins.  The  striped  muscle  fibres  of  the  heart  are  pro- 
hmged  into  it  at  the  terminati(ms  of  the  venaj  cava*.  The  external  coat  is  frequently 
thicker  than  the  middle  coat,  and  the  two  are  not  easily  separable  from  one  another. 
Vascular  and  Nervous  Supply  of  Arteries  and  Veins. — Blood-veeBela. — The 
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ills  of  the  blood-vessels  are  supplied  by  numerous  small  arteries,  called  vasa 
sorum,  which  are  distributed  to  the  outer  and  middle  coats.  They  arise  either 
)m  the  vessels  they  supply  or  from  adjacent  arteries,  and  after  a  short' course 
iter  the  walls  of  the  vessels  in  which  they  end.  The  blood  is  returned  by  small 
mje  vasorum. 

Lymphatics. — Although  the  cell  spaces  in  the  middle  and  inner  coats  may  be 
garded  as  the  commencement  of  lymphatics,  definite  lymphatic  vessels  are  limited 
)  the  outer  coat. 

Nerves. — Arteries  and  veins  are  well  supplied  with  both  medullated  and  non- 
ledullated  nerve-fibres.  The  fibres  form  dense  plexuses  on  the  outer  surfaces  of 
le  vessels,  from  which  filaments  pass  to  the  middle  coat  to  be  distributed  almost 
itircly  to  its  muscular  fibres. 

Divisions  of  the  Blood- Vascular  System. — Blood-vessels  convey  blood  to  or 
)in  the  tissues  of  the  body  generally,  or  to  and  from  the  hmgs.  The  former 
astitute  the  systemic  vessels  or  general  system ;  the  latter  form  the  pulmonary 
item.     These  two  systems  are  connected  together  by  the  heart. 

The  venous  trunks  passing  to  the  liver  form  a  subsidiary  part  of  the  general 
stemic  group  of  vessels,  which  is  known  as  the  portal  system. 

THE  HEART. 

The  heart  (cor)  ia  a  hollow  muscular  organ,  and  is  enclosed  in  a  fibro-gerous 
3  known  as  the  pericardium.  It  receives  blood  from  the  veins,  and  propels  it 
to  and  along  the  arteries.  The  cavity  of  the  fully  developed  heart  is  completely 
parated  into  right  and  left  halves  by  an  obliquely  placed  longitudinal  septum, 
id  each  half  is  divided  into  an  upper  receiving  chamber,  the  auricle,  and  a  lower 
ecting  chamber,  the  ventricle.  Tlie  separation  of  the  auricle  from  the  ventricle, 
>wever,  is  not  complete.  Externally  a  comparatively  shallow  constriction, 
inning  transversely  to  the  long  axis  of  the  organ,  indicates  the  distinction 
itween  the  auricles  and  ventricles ;  internally  a  wide  aperture  is  left  between 
le  auricle  and  ventricle  of  each  side.  Each  auricalo-ventricular  aperture  is 
rovided  with  a  valve  which  allows  the  free  passage  of  blood  from  the  auricle  to  the 
5ntricle,  but  effectually  prevents  its  return. 

It  hfis  ah'eady  heen  poiiit«l  out  that  tlie  delicate  walls  of  the  blood  capillaries  allow  of  the 
re  pa8sa^e  outwards  oi  nutritive  plasma  fi*om  the  blood.  It  j^asses  into  spaces,  or  intercellular 
annels,  in  which  the  tissue  elements  lie  ;  thus  the  latter  are  directly  bathed  in  Ijlood  jiLL-^nia. 
le  intercellular  sjwces  form  the  commencement  of  the  lymph -vascular  system.  They  coinmuni- 
tc  toj^'ether,  and  open  into  lymph- vessels  which  carry  the  used  j>lasmaback  to  the  hLjod -vascular 
stem,  but  in  arldition  they  al:<o  convey  new  nutritive  material,  the  product  of  digestive 
oce^s^*Ji,  from  the  alimentary  (ranal. 

Lymph -vessels,  in  other  words,  convey  mati*rial  from  the  tissues.  Bhxxl- vessels  convey 
iterial  both  to  and  fi-om  the  tissues. 

The  removal  of  wjiste  products  fi-om  the  blfKnl  is  provided  for  by  special  organs,  »Jonie  of  which 
:?  simply  interposed  in  the  course  of  the  general  circulation — t'.tf.  the  liver,  the  kidneys,  and  the 
in.  The  lungs,  however,  where  the  impure  or  venous  blood  receives  its  main  suj>ply  of  oxygen 
d  gives  nj>  most  of  its  ciirboni<-  oxide,  etc.,  do  not  lie  in  the  course  of  the  geiieral  or  systemic 
•culation ;  from  them  a  secondary  or  pulmonary  circulation  is  est^iblished,  by  which  venous 
:»rxl  is  (^mveyed  from  the  heiirt  to  the  lungs  by  the  puhnonary  artery  and  its  branches,  and,  after 
ssing  through  the  pulmonary  capillaries,  is  returned  again  to  the  heart  jis  ])ure  arti'rial  blorxl 

the  i)ulmonary  veins. 

Tlie  liean,  anatr>mically  a  single  oi^an,  is  corresjjondingly  modified,  and,  as  described  alK)ve, 
is  divided  by  a  septum  into  a  right  and  a  left  jwirt  The.  right  side  receives  the  blood  from 
e  systemic  veins,  and  ejects  it  into  the  })ulm(marv  artery  ;  whilst  the  left  side  receiver  blood 
»m*the  piUmonary  veins,  and  ejects  it  iiito  the  main  systemic  artery — the  aortii. 

The  shape  of  the  heart  is  that  of  an  irregular  and  somewhat  flattened  cone ;  and 
base,  an  apex,  two  surfaces  (inferior  and  antero-superior),  and  two  borders  (right 
d  left)  are  distinguishable. 

An  oblique  groove— the  auriculo-ventricular  groove  (sulcus  coronarius) — runs 
insversely  to  the  long  axis  of  the  organ,  and  separates  the  ui)per  auricular 
rtion  from  the  lower  ventricular  part.  The  separation  of  the  auricular  portion 
U)  right  and  left  chambers  is  only  marked  externally  at  the  base  of  th^\v5ax\». 
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a    lower   ventricular    part.       The    former 
tlie   cartilages   of    tlie    third,    fourth,    fifth 


by  the  auricles ;  it  is  separated  from  the  sternum  by  the  roots  of  the  aorta  and  the 
pulmonary  artery,  and  is  continuous  laterally  with  the  auricular  appendices  which, 
projecting  forwards,  embrace  the  great  vessels.  The  lower  section  of  the  antero- 
superior  surface  is  convex ;  it  is  formed  by  the  ventricular  part  of  the  heart,  and  is 
divided  by  an  anterior  interventricular  sulcus  into  a  smaller  left  and  a  larger  right 
part.  At  the  junction  of  the  auricular  and  ventricular  parts  of  this  surface  are 
the  orifices  of  the  pulmonary  artery  and  the  aorta,  the  former  lying  in  front  of 
the  latter. 

The   right    martjin   of   the   heart    consists   of  an   upper  auricular   part  and 

is    almost    vertical;    it    lies    behind 
and   sixth   ribs   on    the    right  side 
about  half  an  inch  from  the  marjnn 
of  the  sternum ;  it  is  in  relation  with 
the  right  pleura  and  lung,  the  phrenic 
nerve  with  its  accompanying  vessels 
intervening,  and  it   is  marked  by  a 
shallow  groove— the  sulcus  terminalis 
— which  passes  from  the  front  of  the 
superior  vena  cava  to  the  front  of  the 
inferior  vena  cava.     The   lower  pirt 
of  the  right  margin  (margo  acutns.  is 
sharp,  thin,  and  usually  concave,  corre- 
sponding with  the  curvature  of  the 
anterior  part  of  the  diaphragm ;  it  is 
formed  by  the  right  ventricle,  and  it 
lies  almost  horizontally  in  the  angle 
between  the  diaphragm  and  the  an- 
terior wall  of  the  thorax,  passing  from 
the  sixth  right  costal  cartilage  l)ehimi 
the   lower  part  of    the   Ixxly  of  the 
sternum,  or  the  ensiform  cartilage, and 
behind  the  cartilages  of  the  sixth  and 
seventh  ribs  on  the  left  side  to  the  apex 
of  the  he^rt. 

The  left  margin  (margo  obtusus)  tf 
formed  mainly  by  the  left  ventricle,  and  only  to  a  small  extent  by  the  left 
auricle.  It  is  thick  and  rounded.  It  hes  in  relation  with  the  left  pleuni  and 
lung,  the  phrenic  nerve  and  its  accompanying  vessels  intervening,  and  it  passes 
from  just  above  the  third  left  costal  cartilage,  about  an  inch  from  the  sternum ■^3 
the  apex  of  the  heart,  descending  obliquely  and  with  a  convexity  to  the  left. 


Fig.  615. — Tiik  Relation  ok  the  Heakt  to  the 
Anterior  Wall  of  the  Thorax, 

I,  II,  in,  IV,  V,  VI,  the  upper  six  costal  cartilages. 


THE  CHAMBERS  OF  THE  HEART. 

Auricles  (auricula  cordis). — The  auricular  or  bjisal  portion  of  the  heart  is 
cuboidal  in  form.  Its  long  axis,  which  lies  transversely,  is  curved,  with  the  con- 
cavity of  the  curve  forwards.  It  is  divided  into  two  chambers — the  right  and 
left  auricles — by  a  septum  which  runs  from  the  front  backwards  and  to  the  right, 
80  obliquely  that  the  right  auricle  lies  in  front  and  to  the  right,  and  the  left  auricle 
behind  and  to  the  left. 

Each  auricle  is  also  somewhat  cuboidal  in  form,  the  long  axes  of  both  being 
vertical,  and  each  chamber  possesses  a  well-marked  ear-shaped,  forward  prolongation, 
which  ])rojects  from  the  anterior  and  upper  angle,  and  is  known  as  the  anrienlir 
appendix. 

The  right  auricle  (atrium  dextrum)  receives,  posteriorly,  the  superior  vena  cava 
above  and  the  inferior  vena  cava  l)elow.  Between  these,  and  a  little  above  its 
middle,  it  is  crossed  posteriorly  by  the  lower  right  pulmonary  vein.  It  is  coutinaous 
below  and  in  front  with  the  right  ventricle  at  the  auriculo-ventricular  aperture. 
Above  and  in  front  it  is  in  relation  with  the  ascending  aorta,  and  from  the  junc- 
tion of  this  aspect  with  the  right  lateral  boundary  the  right  auricular  appendix 
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5  prolonged  forwards.  On  the  right  side  it  forms  the  upper  portion  of  the  right 
iiargin  ot  the  heart,  and  is  in  relation  with  the  right  phrenic  nerve  and  its  accom- 
anying  vessels,  and  with  the  right  pleura  and  lung,  the  i^ericardium  intervening. 
)n  the  left  the  auricle  is  limited  by  the  oblique  septum  which  separates  it  from 
he  left  auricle.  The  sulcus  termiiialis  is  a  shallow  groove  on  the  surface  of  the 
ight  auricle,  which  passes  from  the  front  of  the  superior  vena  cava  to  the  front  of 
;he  inferior  vena  cava,  and  indicates  the  junction  of  the  primitive  sinus  venosus 
with  the  auricle  proper. 

The  interior  of  the  auricle  is  lined  with  a  glistening  membrane,  the  endo- 
cardium; its  walls  are  smooth,  except  anteriorly  and  in  the  auricular  appendix 
where  muscular  bundles,  tlie  mnsculi  pectinati,  form  a  series  of  small  vertical 
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Fio.  616. — The  Cavities  of  the  Rkjht  Auricle  and  Rkjht  Ventricle  of  the  Heart. 

C(»lumns.     These  terminate  above  in  a  crest,  the  crista  terminalis,  which  corresponds 
in  ix)sition  with  the  sulcus  terminalis  externally. 

At  the  upper  and  back  part  of  the  cavity  is  the  oj)ening  of  the  suj)erior  vena 
cava,  devoid  of  a  valve.  At  the  lower  and  back  part  is  the  orifice  of  the  inferior 
vena  cava,  bounded  in  front  by  the  rudimentary  Eustacliian  valve ;  and  ininiedi- 
ately  in  front  and  to  the  left  of  the  Eustachian  valve,  between  it  and  the  auriculo- 
ventricular  orifice,  is  the  opening  of  the  coronary  sinus,  guarded  by  the  Thebesian 
valve.  The  auriculo-ventricular  aperture,  guarded  by  a  tricuspid  valve,  is  known 
^8  the  tricuspid  orifice.  It  is  situated  in  tlie  inferior  i)art  of  the  anterior  boundary, 
and  admits  three  fingers.  A  number  of  small  fossa),  foramina  Thebesii  (foramina 
venarum  minimarum),  are  scattered  over  the  walls,  and  into  some  of  these  the 
vens  minimi  cordis  open.  In  the  septal  wall  is  an  oval  depression,  the  fossa  ovalis, 
bounded  above  and  in  front  by  a  raised  margin,  the  annulns  ovalis  (limbus  fossje 
ovalis),  which  is  continuous  inferiorly  with  the  Enst^ichian  valve ;  this  fossa  is 
the  remains  of  an  aperture,  the  foramen  ovale,  through  which  the  two  auricles 
communicated  with  each  other  before  birth,  and  even  in  the  adult  a  i>ortion  of  the 
ai)erture  persists  at  the  upi)er  part  of  the  fossa  in  about  one  in  five  cases.  Between 
the  apertures  of  the  superior  and  inferior  vena*  cava3,  and  l)ehind  th^  w^^iet  ^x\» 
54  a 
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of  the  fossfi  ovalis,  a  small  eminence  may  he  distinguished,  which  is  called  the 
tubercle  of  Lower  (tuberculum  iutervenosum) ;  in  the  foetus  it  probably  directs  the 
blood  from  tlie  8ui)erior  vena  cava  to  the  tricuspid  orifice. 

The  Eustachian  valve  (valvula  venje  cav«  inferioris)  is  a  thin  and  sometimes 
fenestrated  fold  of  endocardium  and  sub-endocardial  tissue,  which  extends  from 
tlie  anterior  and  lower  margin  of  the  orifice  of  the  inferior  vena  cava  to  ilie 
anterior  part  (»f  the  annulus  ovalis.  Varying  very  much  in  size,  it  is  usually  of 
falciform  sha])e,  its  apex  being  attiichcd  to  the  annulus  and  its  base  to  the  maripn 
of  the  inferior  clival  orifice.  It  is  an  importtmt  structure  in  the  fciitus,  diret-tini: 
the  blood  from  the  inferior  vena  cava  through  the  foramen  ovale  into  the  left 
auricle. 

The  Thebesian  valve  (valvula  sinus  coronarii)  is  usually  a  single  fold  of  endo- 
cardium which  is  placed  at  the  orifice  of  the  coronary  sinus :  occasionally  it  consists 
of  two  cusps.     It  is  almost  invariably  incompetent. 

The  left  auricle  (atrium  sinistrum)  is  in  relation  behind  with  the  descending 
thoracic  aorta  and  the  (esophagus.  Below  and  in  front  it  is  continuous  with  the 
left  ventricle.  Its  antero-superior  surface  is  concave,  and  lies  in  close  relation  t" 
the  roots  of  the  ascending  aorta,  the  pulmonary  artery,  and  the  left  coronaiy 
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Fk;.  617. — The  B.\sks  of  thk  Vkmuicles  of  thk  Heart,  .shoving  tlie  uuriculo-veutricular.  aortic, 
ami  pulmonary  oriHces  and  their  valves. 

artery.  Its  right  side,  formed  by  the  interauricular  st^ptum,  is  directed  fon^ards 
and  to  tlie  right.  Its  left  side  forms  a  very  small  portion  of  the  left  margin  of 
the  heiirt,  and  from  its  junction  with  the  antero-superior  surface  the  long  and 
narrow  auricular  appendix  is  prolonged  forwards  round  the  left  side  of  tlie 
ascending  portion  of  the  aorta  and  the  trunk  of  the  pulmonary  artery. 

The  four  pulmonary  veins  enter  the  upper  part  of  the  j)08terior  surface,  two  on 
each  side. 

The  interior  of  the  left  auricle  is  lined  with  endocardium,  and  its  walls  are 
smooth,  except  in  the  auricular  appendix  where  musculi  pectinati  are  present,  and 
on  the  septum,  in  a  position  corresj>onding  with  the  upper  part  of  the  fossa  ovalis 
on  the  right  side,  where  there  are  several  musculo-fihrous  bundles  radiating  for- 
wards and  upwards.  These  septal  bundles  are  separated  at  their  bases  by  small 
semilunar  depressions,  in  the  largest  of  which  remains  of  the  foramen  ovale  may 
be  found.  Foramina  Tliel»esii,  and  the  apertures  of  venie  minimi  cordis,  are 
scattered  irregularly  over  the  inner  aspect,  whilst  in  the  inferior  part  of  tlie 
anterior  boundary  is  the  auriculo- ventricular  a|)erture.  The  latter  is  oval  in 
form ;  its  long  axis  is  placed  obliquely  from  before  backwards,  and  from  left  lo 
right,  and  is  capable  of  admitting  two  fingers.  It  is  guarded  by  a  valve  formed  of 
two  large  cusps,  and  is  known  as  the  mitral  orifice. 

Ventricles. — The  ventricular  portion  of  the  heart  is  conical  and  Bomewhal 
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flattened.  The  base,  directed  upwards  and  backwards,  is  partly  continuous  with 
the  auricular  portion  and  partly  free.  It  is  perforated  by  four  orifices,  the  two 
auriculo- ventricular,  the  aortic,  and  the  pulmonary.  The  auriculo- ventricular 
orifices  are  placed  one  on  each  side  below  and  behind;  in  front  and  between 
them  is  the  aortic  orifice,  whilst  the  orifice  of  the  pulmonary  artery  is  still  farther 
forward,  and  slightly  to  the  left  of  the  aortic. 

In  the  triangle  (trigona  fibrosa)  between  the  auriculo- ventricular  and  the  aortic 
orifices  is  embedded  the  central  fibro-cartilage,  a  mass  of  fibro-cartilaginous  tissue 
which  is  the  representative  of  the  os  cordis  of  the  ox.  It  is  continuous  with  the 
upper  part  of  the  interventricular  septum,  and  with  fibrous  rings  which  surround 
the  apertures  at  the  bases  of  the  ventricles. 

The  inferior  surfaces  and  the  antero-superior  surfaces  of  the  ventricles  constitute 
respectively  the  greater  portions  of  the  corresponding  surfaces  of  the  heart ;  the 
fomier  rest  upon  the  diaphragm,  whilst  the  latter  are  directed  upwards  and 
forwards  towards  the  sternum  and  the  costal  cartilages  of  the  left  side.  The  apex 
of  the  left  ventricle  forms  the  apex  of  the  heart. 

The  right  margin,  which  is  thin,  forms  the  horizontal  portion  of  the  right 
margin  of  the  heart;  and  the  left  margin,  which  is  thick  and  rounded,  forms 
almost  the  whole  of  the  left  margin  of  the  heart. 

The  ventricular  portion  of  the  heart  is  divided  into  right  and  left  chambers. 
The  interventricular  septum  (septum  ventriculorum)  is  placed  obUquely,  with  one 
surface  directed  forwards  and  to  the  right,  and  the  other  backwards  and  to  the 
left ;  it  bulges  into  the  right  ventricle,  and  its  lower  margin  lies  to  the  right  of 
the  apex  of  the  heart,  which  is,  there- 
fore, formed  entirely  by  the  left  ven- 
tricle. The  margins  of  the  septum  are 
indicated  on  the  surfaces  by  anterior 
and  inferior  interventricular  sulci. 

The  right  ventricle  (ventriculus 
dexter)  is  triangular  in  form.  Its 
t>a8e  is  directed  upwards  and  to  the 
Hght,  and  in  the  greater  part  of  its 
Extent  it  is  continuous  with  the  right 
Huricle,  with  which  it  communicates 
l>y  the  auriculo  -  ventricular  orifice; 
t>ut  its  left  and  anterior  angle  projects 
ixi  front  of  the  auricle,  and  gives  origin 
to  the  puhaonary  artery.  Its  inferior 
\vall  rests  upon  the  diaphragm.  The 
iintero- superior  wall  lies  l)ehiud  the 
lower  part  of  the  left  half  of  the 
Bternum  and  the  cartilages  of  the 
fourth,-  fifth,  and  sixth  ribs  of  the  left 
side.  The  left  or  septal  wall,  which  is 
directed  backwards  and  to  the  left, 
bulges  into  its  interior,  and  on  this 
account  the  transverse  section  of  the 
cavity  has  a  semilunar  outline.  The 
cavity  itself  is  a  bent  tube  consisting 
of  an  inferior  portion  or  body  into 
which  the  auriculo- ventricular  orifice 
opens,  and  of  an  antero-superior  part, 
the  inftindibolum  or  conus  arteriosus, 
which  terminates  in  the  pulmonary 
artery.     The  angle  between  the  two  limbs  is  formed  by  a  thick  ledge  of  muscle. 

The  right  auriculo -ventricular  orifice  is  ^niarded  by  a  tricuspid  valve  (valvula 

tricuspidalis).      The  three  eusj)s  of  this   valve  are  a  right  or  marginal  (euspis 

medialis),  a  left  or  infundibular  (euspis  anterior),  which  intervenes  Ijetween  the 

auriculo- ventricular  orifice  and  the  infundibulum,  and  a  posterior  or  septal  (cusyis 

54tl 


Fig.  618.— The  Relations  of  the  Heaut  and  the 
Auriculo- Ventuicular,  Aortic,  and  Pulmonary 
Orifices  to  the  Anterior  Thoracic  Wall. 


I  to  VII,  Co8tiil  cartilages. 

A,  Aortic  orifice. 

Ao,  Aorta. 

C,  Clavicle. 

LA,  Left  auricle. 

LV,  Left  ventricle. 


M,  Mitral  oritlce. 
P,  Pulinonarv  orifice. 
UA,  Hight  auricle. 
*RV,  Right  ventricle. 
SVc,  8ui)erior  veua  cava. 
T,  Tricuspid  orifice. 
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posterior).  Each  cusp  consists  of  a  fold  of  endocardium,  strengthened  by  a  little 
intermediate  fibrous  tissue,  and  the  bases  of  the  cusps  are  generally  continuous 
with  each  other  at  the  auriculo- ventricular  orifice,  where  they  are  attached  to  a 
fibrous  ring,  but  they  may  be  separated  by  small  intermediate  cusps  which  fill  the 
angles  between  the  main  segments.  The  apices  of  the  cusps  hang  down  into  the 
ventricle.  The  margins,  which  are  thinner  than  the  central  portions,  are  notched 
and  irregular.  The  auricular  surfaces  are  smooth.  The  ventricular  surfaces  are 
roughened,  and,  like  the  margins  and  apices,  they  give  attachment  to  fine  tendinous 
cords,  the  chordsB  tendiness,  the  opposite  extremities  of  which  are  attached  to 
muscular  bundles,  the  muscoli  papillares,  which  project  from  the  wall  into  the 
cavity  of  the  ventricle. 

The  pulmonary  orifice,  which  lies  in  front  and  to  the  left  of  the  tricuspid  orifice, 
is  guarded  by  a  pulmonary  valve  composed  of  three  semilunar  segments  (valMite 
semilunares  a.  pulmonalis),  two  of  which  are  placed  anteriorly  and  one  posteriorly. 
The  convexity  or  outer  border  of  each  semilunar  segment  is  attached  to  the  wall  of 
the  pulmonary  artery.  The  inner  border  is  free,  and  it  presents  at  its  centre  a  small 
nodule,  the  corpus  Arantii  (nodulus  valvule  semilunaris),  and  on  each  side  of 
this  body  a  small,  thin  marginal  segment  of  semilunar  form,  the  Innnle  (lunula 
valvulae  semilunaris).  Each  segment  of  the  valve  is  formed  by  a  layer  of  endo- 
cardium on  its  ventricular  surface,  an  endothelial  layer  of  the  inner  coat  of  the 
artery  on  its  arterial  surface,  and  an  intermediate  stratum  of  fibrous  tissue.  Both 
the  attached  and  the  free  margins  of  the  cusps  are  strengthened  by  tendinous 
bands,  and  strands  of  condensed  fibrous  tissue  radiate  from  the  outer  borders  to 
the  corpora  Arantii,  but  they  do  not  enter  the  lunulae.  When  the  valve  closes  the 
corpora  Arantii  are  closely  apposed,  the  lunulae  of  the  adjacent  segments  of  the 
valve  are  pressed  together,  and  they  project  vertically  upwards  into  the  interior  of 
the  artery. 

The  cavity  of  the  right  ventricle  is  lined  by  endocardium;  the  walls  are 
smooth  in  the  conns  arteriosus,  but  are  rendered  rugose  and  sponge-like  in  the 
body  by  the  inward  projection  of  numerous  muscular  bundles,  the  colimuui 
cames  (trabeculae  carnea^).  These  bundles  are  of  three  kinds ;  the  simplest  are 
merely  columns  raised  in  relief  on  the  wall  of  the  ventricle ;  those  of  the  seccmd 
class  are  rounded  bundles,  free  in  the  middle,  but  attached  at  each  end  to  the  wail 
of  the  ventricle.  One  special  bundle  of  this  group,  called  the  moderator  band,  is 
attached  by  one  extremity  to  the  septum,  and  by  the  other  to  the  antero-superior 
wall,  at  the  base  of  the  anterior  papillary  muscle ;  it  tends  to  prevent  over-disteHsioD 
of  the  cavity.  The  third  group  of  columnae  cameae  are  the  moBculi  papUlam, 
conical  bundles  continuous  at  their  bases  with  the  muscular  wall  of  the  ventricle, 
and  terminating  at  their  apices  in  numerous  chordae  tendineae  which  are  attached  to 
the  apices,  the  borders,  and  ventricular  surfaces  of  the  cusps  of  the  tricuspid  valve. 

The  musculi  papillares  of  the  right  ventricle  are — (1)  a  large  anterior  muscle, 
from  which  the  chords  pass  to  the  infundibular  and  marginal  segments  of  the 
valve ;  (2)  a  smaller  and  more  irregular  posterior  muscle,  sometimes  represented  hy 
two  or  more  segments,  from  which  chordae  pass  to  the  marginal  and  septal  cusps; 
and  (3)  a  group  of  muscular  bundles,  varying  in  size  and  number,  which  spring 
from  the  septum  and  are  united  by  chordae  to  the  infundibular  and  septal  cusps. 

The  walls  of  the  right  ventricle,  the  septal  excepted,  are  much  thinner  than 
those  of  the  left,  but  the  columnae  cameae  of  the  first  and  second  classes  are  coarser 
and  less  numerous  in  the  right  than  in  the  left  ventricle. 

The  left  ventricle  (ventriculus  sinister)  is  a  conical  chamber,  and  its  cavity  is 
oval  in  transverse  section.  The  base  is  directed  upwards  and  backwards,  and  in  the 
greater  part  of  its  extent  it  is  continuous  with  the  corresponding  auricle  with 
which  it  communicates  through  the  mitral  orifice,  but  in  front  and  to  the  right  of 
its  communication  with  the  auricle  it  is  continued  into  the  ascending  aorta. 

The  mitral  orifice  is  o\'bI  ;  its  long  axis  runs  obliquely  from  above  and  to  the 
left  downwards  and  to  the  right,  and  it  is  guarded  by  a  valve  consiBting  of 
two  cusps,  which  is  known  as  the  mitral  valve  (valvula  bicuspidalis).  The  j]|ro 
cusps  of  the  valve  are  triangular  and  of  unequal  size.  The  smaller  of  the  two, 
placed  to  the  left  and  behind,  is  named  the  marginal,  and  the  larger,  placed  to  the 
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right  and  in  front,  between  the  mitral  and  aortic  orifices,  is  known  as  the  aortic 
cusp.  The  bases  of  the  cusps  are  either  continuous  with  eeich  other  at  their 
attachments  to  the  fibrous  ring  round  the  mitral  orifice,  or  they  are  separated  by- 
small  intermediate  cusps  of  irregular  form  and  size.  The  apices  of  the  cusps  hang 
down  into  the  cavity  of  the  ventricle.  The  auricular  surfaces  are  smooth ;  the 
ventricular  surfaces  are  roughened  by  the  attachments  of  tlie  chordae  tendinese, 
which  are  also  connected  with  the  irregular  and  notched  margins  and  with  the 
apicea  The  structure  is  the  same  as  that  of  the  cusps  of  the  tricuspid  valve, 
but  the  ventricular  surface  of  the  anterior  (or  aortic)  cusp  is  relatively  smooth ; 
therefore  the  blood  flow  into  the  aorta  is  facilitated. 

The  aortic  orifice  ia  circular ;  it  hes  immediately  in  front  and  to  the  right  of 
the  mitral  orifice,  from  which  it  is  separated  by  the  anterior  cusp  of  the  mitral 
valve,  and  it  is  guarded  by  the  aortic  valve,  formed  of  three  semilunar  segments 
(valvulse  semilunares  aortse),  one  of  which  is  placed  anteriorly  and  the  other  two 
posteriorly.  The  structure  of  these  cusps  and  their  attachments  are  similar  to 
those  of  the  cusps  of  the  pulmonary  valve. 

The  cavity  of  the  left  ventricle  is  separable,  like  that  of  the  right,  into  two 
portions,  the  body  and  the  aortic  vestibule;  the  latter  is  a  small  section  placed 
immediately  below  the  aortic  orifice,  and  its  walls  are  non-contractile,  consisting  of 
fibrous  and  fibro-cartilaginous  tissue.  The  cavity  is  lined  by  endocardium.  The 
inferior  wall  and  the  apex  are  rendered  sponge-like  by  numerous  fine  cohimnse 
carnese  of  the  first  and  second  classes,  whilst  the  upper  part  of  the  antero-superior 
wall  and  the  septum  are  relatively  smooth. 

There  are  two  papillary  muscles  of  much  larger  size  than  those  met  with  in  the 
right  ventricle — an  anterior  and  a  posterior ;  each  is  connected  by  chordae  tendineae 
with  both  cusps  of  the  mitral  valve. 

The  walls  of  the  left  ventricle,  with  the  exception  of  the  septum,  are  three 
times  as  thick  as  those  of  the  right  ventricle,  and  they  are  thickest  in  the  region  of 
the  widest  portion  of  the  cavity,  which  is  situated  about  a  fourth  of  its  length  from 
the  base.  The  muscular  portion  of  the  wall  attains  its  minimum  thickness  at  the 
apex,  but  the  thinnest  portion  of  the  boundary  is  at  the  upper  part  of  the  septum, 
which  consists  entirely  of  fibrous  tissue ;  here  it  is  occasionally  deficient,  and  an 
aperture  is  left  through  which  the  cavities  of  the  two  ventricles  communicate. 

The  interventricular  septum  (septum  ventriculorum)  is  a  musculo-membranous 
partition.  It  is  placed  obUquely,  one  surface  looking  forwards  and  to  the  right, 
and  bulging  into  the  right  ventricle,  and  the  other  backwards  and  to  the  left 
towards  the  left  ventricle.  Its  antero-superior  and  inferior  margins  correspond 
respectively  with  the  anterior  and  inferior  portions  of  the  interventricular  sulcus, 
and  it  extends  from  the  right  of  the  apex  to  the  interval  between  the  pulmonary 
and  aortic  orifices.  In  the  main  part  of  its  extent  it  is  muscular  (septum  musculare 
ventriculorum),  and  this  portion  is  developed  from  the  wall  of  the  ventricular  part 
of  the  heart ;  but  its  upper  and  posterior  portion,  the  pars  membranacea  (septum 
membranaceum  ventriculorum),  which  is  developed  from  the  septum  of  the  aortic 
bulb,  is  entirely  fibrous,  and  constitutes  the  thinnest  portion  of  the  ventricular 
walls.  The  pars  membranacea  lies  l:>etween  the  aortic  vestibule  on  the  left  and 
the  upper  part  of  the  right  ventricle,  as  well  as  the  lower  and  left  part  of  the  right 
auricle,  on  the  right. 

Structure  of  the  Heart. 

The  walls  of  the  heart  consist  mainly  of  peculiar  striped  iimscle,  the  myocardium,  which  is 
enclosed  between  the  visceral  layer  of  the  pericardium,  or  epicardiom,  extenially,  and  the 
endocardium  internally.  The  muscular  fibres  differ  from  tliose  of  ordinary  voluntary  striped 
muBcle  in  several  ways :  they  are  shorter,  many  of  them  being  oblong  cells  with  forked  ex- 
tremities which  are  closely  cemented  to  similar  processes  of  mljacent  cells  ;  they  form  a  reticulum, 
and  tlie  nuclei  lie  in  the  centres  of  the  cells.  Moreover,  in  some  of  the  lower  mammals,  in  the 
young  child  up  to  the  end  of  the  first  vear,  and  occasionally  in  the  human  adult  also,  still  more 
peculiar  fibres,  the  fibres  of  Purkinje,  are  found  immediately  beneath  the  sub-endooardial 
tissue.  Tliese  are  large  cells  which  imite  with  each  other  at  their  extremities ;  their  central 
portions  consist  of  granular  protoplasm,  in  which  sometimes  one,  but  more  frequently  two  nuclei 
are  embedded,  and  the  peripneral  portion  of  each  cell  is  transversely  striated.  These  cells,  in  short, 
present  in  a  permanent  form  a  condition  which  is  transitory  in  aU  other  striped  niusdfe  c^«>. 
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The  reticulating  cardiac  iiuiscle  cells  are  gn)U])ed  in  sheetd  and  strands  which  have  a  more  or 
less  characteristic  and  definite  arrangement  in  diffei-ent  parts  of  the  heart ;  by  careful  dis- 
section, and  after  special  methods  of  preparation,  it  is  possible  to  recognise  many  layers  and 
bundles,  some  of  which  are,  however,  probablv  artificially  produced 

In  the  auricles  the  muscular  fasciculi  fall  naturally  into  two  groups,  those  s]»ecial  to  ea*:h 
auricle,  and  those  common  to  both  auricles ;  the  former  are  situatea  deeply  under  cover  of 
the  latter. 

The  deep  speciul  fibres  are — (a)  Looped  fibres  which  pass  over  the  auricles  from  before  back- 
wards or  from  side  to  side ;  their  extremities  are  attached  to  the  fibrous  rings  w^hich  surruund 
the  auriculo-ventricular  orificas.  (6)  Annular  fibres  which  surround  (1)  the  extremities  of  tbe 
large  vessels  which  ojxjn  into  the  auricle,  (2)  the  auricular  appendices,  and  (3)  the  foesa  ovalis. 

The  superficial  fioreSy  which  are  common  to  both  auricles,  for  the  most  part  run  transversely 
across  the  auricles,  but  a  few  of  them  turn  into  the  interauricular  septum.  They  are  niwt 
numerous  on  the  ant^irior  aspects 

In  the  ventricles,  also,  two  main  gi-oups  of  fasciculi,  a  8Ui)erficial  and  a  deep,  have  been 
described,  but  it  is  in  this  region  especially  that  there  is  doubt  regarding  the  individuality  of 
many  of  the  muscular  bundles  whic'h  have  been  noted,  for  it  ap}>ear8  prol>able  that  many  of 
them  are  artificial  products  due  to  the  method  adopted  by  the  dissector.  There  is  no  doubt  that 
in  the  middle  of  the  thickness  of  the  ventricular  walls  the  arrangement  of  the  fibres  is  mainlT 
circular,  some  surrounding  one  and  some  l.x)th  ventricles.  Near  the  surfaces  the  fasciculi 
assume  an  oblique  direction,  and  it  is  not  improbable  that  many  of  the  bundles  are  arranged  in 
figure  of  8  loops,  whose  upper  extremities  are  attached  to  the  fibrous  rings  round  the  auricalo- 
ventricular  orifices. 

The  superficial  fibres  of  the  ventricles  are  attached  above  to  the  fibrous  riug»  at  the  base,  and 
from  this  attachment  they  pass  obliquely  downwards  to  the  apex,  those  on  the  anterior  surface 
trending  towards  the  left,  and  those  on  the  inferior  surface  towards  the  right  On  the  inferior 
surface  almost  all  the  fasciculi  appear  to  pass  across  the  septum,  but  on  the  anterior  surface  the 
middle  fasciculi  dip  into  it,  and  only  those  near  the  base  and  apex  cross  from  right  to  lefi  All 
the  superficial  fibres  which  reach  the  apex  are  coiled  there  into  a  whorl  or  vortex,  through  which 
they  pass  upwards  into  the  substance  of  the  left  ventricle,  those  descending  from  the  front  and 
left  side  entering  the  base  of  the  posterior  jxapillary  muscle,  whilst  those  from  the  back  and  right 
side  terminate  in  the  anterior  ]>apillarv  muscle.  The  muscular  fasciculi  which  enter  the  papilkn' 
muscles  are  continued,  by  means  of  tne  chordae  t^ndinea;,  to  the  flaps  of  the  mitral  valve  ana 
su  to  the  filjrous  ring  round  the  mitral  orifice ;  obviously,  therefore,  many  of  the  superficial 
fasciculi  of  the  ventricles  form  simple  oblique  looi>8  which  commence  externally  at  the  fibrooi 
rings  round  the  right  and  left  auriculo-ventricular  orifices,  and  terminate  internally  by  gaining 
attachment  to  the  ring  round  the  left  of  these  orifices  (mitral). 

The  deep  fasciculi  of  the  ventricles  may  be  subdivided  into  two  main  groups — (1)  Thoae 
common  to  both  ventricles,  and  (2)  those  si)ecial  to  each  ventricle. 

The  fasciculi  common  to  both  ventricles  include — (a)  Fibres  which  commence  above  from  the 
posterior  secti(ms  of  the  fibrous  ring  at  the  base  of  the  right  ventricle ;  either  directly  or  hr 
iiieans  of  the  chonlae  tendineje  of  the  posterior  papillaiy  muscle  they  pass  obliquely  downwanis 
to  the  septum,  tmverse  it,  and  ascend  to  the  front  of  the  fibrous  ring  at  the  base  of  the  left 
ventricle.  (6)  Fibres  from  the  anterior  portions  of  the  fibrous  ring  at  the  base  of  the  right 
ventricle,  which  pass  obliquely  downwards  and  assume  a  transverse  course  in  the  posterior  i«ll 
of  the  left  ventricle,     (c)  Annular  fibres  which  encircle  both  ventricles. 

The  deep  special  fibres  of  the  left  ventricle  are  (a)  V-sliaped  looi>s  which  commence  at  the 
fibrous  ring  at  the  base,  and  descend  to  the  apex,  where  they  tium  upwards  in  the  septum,  and 
terminate?  by  joining  the  central  fi])ro-cartilage ;  (6)  fibres  which  descend  from  the  base,  enter 
the  lower  and  front  part  of  the  siiptum,  and,  i)a8sing  through  it,  assume  an  annular  couise  in  the 
posterior  walL 

The  deep  special  fibres  of  the  right  ventricle  are  (a)  looped  fibres  which  pass  downwards  in 
the  external  wall  from  the  fibrous  rings  to  the  apex,  where  tney  enter  the  septum  and  ascend  to 
the  central  fi]>ro-cartilage ;  (6)  circular  fibres  round  the  pulmonary  orifice  ;  and  (c)  radiating  fasci- 
culi from  the  base  of  the  anterior  papillary  muscle  to  tne  front  iwtrt  of  the  pulmonary  orifice. 

The  epicardinm,  or  visceral  portion  of  the  j>ericardium,  consists  of  white  connective  and 
of  elastic  tissue,  the  latter  forming  a  distinct  reticulum  in  the  deeper  j>art  The  surface  which 
looks  towards  the  pericardial  cavitv  is  covered  with  flat  polygonal  endothelial  plates,  which  are 
partially  sejjarated  here  and  there  l)y  stomata  through  which  tlie  pericardial  cavity  communicat«» 
with  the  lymphatics  of  the  ei)icardium. 

The  endocardimn  lines  the  cardiac  cavities  and  is  continuous  with  the  inner  coats  of  the 
vessels  which  enter  and  leave  the  heart  It  consists,  like  the  ejncanlium,  of  white  connective 
tissue  and  elastic  fil>res,  but  it  is  much  thinner  than  the  ej)icartlium,  and  its  elastic  fibres  are  in 
some  places  blended  into  a  fenestrated  membrane.  Its  iimer  surface  is  covered  with  endothelial 
cells,  and  it  rests  externally  uix>n  the  sub-endocaidial  tissue,  in  which  there  are  blood-vessels  and 
nerves  ;  the  endocanlium  itself  is  entirely  devoid  of  vessels. 

Size  of  the  Heart — The  heart  is  about  five  inches  (125  mm.)  long,  three  and  a  half  inches (67 
mm.)l»roii<l ;  its  greatest  depth  from  its  anteK)-8UiH^rior  to  its  inferior  surfat^e  is  two  and  a  half  inchei 
(62  mm.),  and  it  is  roughly  estimated  as  being  about  the  same  size  as  the  closed  fist  The  siie, 
however,  is  variable,  the  volume  increasing  at  first  rapidly,  and  then  graduallv,  with  increasing 
age,  from  22  cc  at  birth  to  155  cc  at  the  fifteenth  year,  and  to  250  cc.  by  the  twentieth  yw. 
From  this  period  to  the  fiftieth  year,  when  the  maximum  volume  (280  cc)  is  attained,  the  in- 


THE  PEEICARDIUM.  793 

rease  is  much  more  gradual,  and  after  fifty  a  slight  decrease  sets  in.  The  volume  is  the  same 
n  both  sexes  up  to  the  period  of  puberty,  but  thereafter  it  prejwnderates  in  the  male. 

Weight. — The  average  weight  of  the  heart  in  the  male  adidt  is  11  ounces  (310  grms.),  and  in 
he  female  adidt  9  ounces  (255  grms.) ;  but  the  weight  varies  greatly,  always,  however,  in  definite 
elation  to  the  weight  of  the  body,  the  relative  proportions  changing  at  diflferent  periods  of  life, 
'bus  at  birth  the  heart  weighs  13^  drachms  (24  grms.),  and  its  relation  to  the  body  weight 
»  as  1  to  130,  whilst  in  the  adult  the  relative  proportion  is  as  1  to  206.  The  heart  is  said  to 
ricrease  rapidly  in  weight  up  to  the  seventh  year,  then  more  slowlv  up  to  the  age  of  puberty, 
rhen  a  second  acceleration  sets  in ;  but  after  the  attainment  of  aault  life  the  increase,  which 
ontinues  till  the  seventieth  year,  is  very  gradual. 

The  above  changes  affect  the  whole  heart,  but  the  several  parts  also  varv  in  their  relation  to 
ach  other  at  different  periods  of  life.  During  fcBtal  life  the  right  auricle  is  heavier  than  the  left ; 
a  the  first  month  after  birth  the  two  become  equal,  and  at  the  second  year  the  right  again  begins 

0  ^>reponderate,  and  it  is  heavier  than  the  left  during  the  remainder  of  life.  In  the  latter  part 
f  toctal  life  the  two  ventricles  are  equal ;  after  birth  the  left  grows  more  rapidly  than  the  right, 
util,  at  the  end  of  the  second  year,  a  position  of  stability  is  gained,  when  the  right  is  to  the  left 
s  1  to  2,  and  this  proportion  is  maintained  until  death. 

Capacity. — During  life  the  capacitv  of  the  ventricles  is  probably  the  same,  and  each  is  cai)able 
f  containing  alx)ut  four  ounces  of  blood,  whilst  the  auricles  are  a  little  less  capacious.  After 
eath  the  cavity  of  the  right  ventricle  appears  larger  than  that  of  the  left 

Vascular  Supply  of  the  Heart. — The  waUs  of  the  heart  are  supplied  by  the  coronary  arteries 
x  800),  the  branches  of  which  pass  through  the  interstitial  tissue  to  all  pai-ts  of  the  muscular 
ubstance  and  to  the  sub-endocamial  and  sub-epicardial  tissues  ;  the  endocardium  and  the  valves 
re  devoid  of  vessels.  The  capillaries,  which  are  numerous,  form  a  close-meshed  network  around 
be  muscular  fibres.  Sometimes  the  valves  contain  a  few  muscular  fibres,  and  in  these  cases  they 
Iso  receive  some  minute  vessels.  The  majority  of  the  veins  of  the  heart  end  in  the  coronary 
inus,  which  opens  into  the  lower  part  of  the  right  auricle ;  some  few  very  small  veias,  liow- 
\rer,  open  directly  into  the  right  auricle,  and  others  are  said  to  end  in  the  left  auricle,  and 

1  the  cavities  of  the  ventricles. 

Lymphatics  of  the  Heart — Lymphatic  vessels  are  freely  distribut^Kl  throughout  the  whole 
ibstance  of  the  heart,  but  thev  are  most  numerous  in  the  sub-endocardial  and  the  sub-pericardial 
ssues,  and  the  vessels  which  lie  in  the  latter  situation  communicate  through  stomata  with  the 
iricardial  cavity.  The  smaller  lymphatic  vessels  accompany  the  blood-vessels  ;  ultimately  they 
n verge  to  two  main  tnmks — an  anterior  and  an  inferior — which  lie  respectively,  at  their  com- 
encements,  in  the  anterior  and  the  inferior  auriculo-ventricular  sulci.     Each  is  formtnl  by  one 

more  tributaries  which  collect  lymph  from  the  ventricles  and  auricles.  The  inferior  trunk 
companies  the  right  and  the  anterior  trunk  the  left  coronary  artery.  At  the  upper  jxart  of  the 
'Art  the  trunks  pass  backwards,  at  the  sides  of  the  pulmonary  artery,  pierce  the  pericaixlium,  and 
ey  terminate  in  the  glands  which  lie  round  the  bifurcation  of  the  trachea. 

Nerves  of  the  Heart — The  heart  receives  its  nerves  from  the  superficial  and  deep  cardiac 
exuses  which  lie  beneath  the  arch  of  the  aorta,  and  through  them  it  is  connected  with  the 
.gus,  the  spinal  accessory  (through  the  vagus),  and  the  sympathetic  nerves.  After  leaving  the 
exuses  manv  of  the  nerve-fibres  enter  the  walls  of  the  auricles,  and  anastomose  together  in  the 
b-epicardial  tissue,  forming  a  plexus  in  which  many  ganglion  cells  are  embedded,  especially 
•ar  the  terminations  of  the  inferior  vena  cava  and  the  pulmonary  veins.  From  the  sub- 
•icardial  auricular  plexus,  nerve  filaments,  on  which  nerve  ganglion  cells  have  been  found,  pass 
to  the  substance  oi  the  auricular  walls. 

Other  fibres  from  the  cardiac  plexuses  accompany  the  coronary  arteries  to  the  ventricles,  and 
>ou  these  also  ganglion  cells  are  found  in  the  region  immediately  l^elow  the  auriculo-ventricular 
leas. 

The  nerve-fibres  which  issue  from  the  ganglionated  plexuses  of  the  heart  are  non-medullat^d. 
iey  form  fine  plexuses  round  the  muscle  fibres,  and  thev  terminate  either  in  fine  fibrils  on  the 
rfaces  of  the  muscle  fibres,  or  in  nodulated  ends  which  lie  in  contact  with  the  muscle  cells. 


THE   PERICAKDIUM. 

The  pericardium  is  a  fibro-serous  sac  which  surrounds  the  heart.  It  lies  in  the 
iddle  mediastinum,  and  is  attached  below  to  the  diaphragm,  and  above  and  behind 
the  roots  of  the  great  vessels.  Anteriorly  and  posteriorly  it  is  in  relation  with 
Ijacent  structures ;  laterally  it  is  in  close  apposition  with  the  pleural  sacs. 

The  fibrous  pericardium  is  a  strong  fibrous  sac  of  conical  form ;  its  base  is 
tached  to  the  central  tendon  and  to  a  part  of  the  muscular  substance  of  the 
aphragm,  and  it  is  pierced  by  the  inferior  vena  cava.  At  its  apex  and  posteriorly 
is  gradually  lost  upon  the  great  vessels  which  enU*r  and  emerge  from  the  heart, 
ving  sheaths  to  the  aorta,  the  two  branches  of  the  pulmonary  artery,  the  suj)erior 
;na  cava,  the  four  pulmonary  veins,  and  the  ligamentum  arttriosum.  Its 
iterior  surface  forms  the  posterior  boundary  of  the  anterior  mediastinum,  and  it 
ves  attachment,  above  and  below,  to  the  superior  and  inferior  sterno-pericardial 


794 


THE  VASCULAE  SYSTEM. 


ligaments.  In  the  greater  part  of  its  extent  it  is  separated  from  the  anterior  wall 
of  the  thorax  by  the  anterior  margins  of  the  hmga  and  pleural  sacs,  but  it  is  in  direct 
relation  with  the  left  half  of  the  lower  portion  of  the  body  of  the  sternum  and,  in 
many  cases,  with  the  inner  ends  of  the  cartilages  of  the  fourth,  fifth,  and  sixth  riW 
of  the  left  side.  Its  posterior  surface  forms  the  anterior  boundary  of  the  posterior 
mediastinum ;  it  is  in  relation  with  the  cesophagus  and  the  descending  aorta,  both 
of  which  it  separates  from  the  back  of  the  left  auricle.  Each  lateral  aspect  is  in 
close  contact  with  the  mediastinal  portion  of  the  i)arietal  pleura,  the  phrenic  nerve 
and  its  accompanying  vessels  intervening.  The  inner  surface  of  the  fibrous  sac  is 
lined  by  the  serous  i)ericardium,  which  is  closely  attached  to  it. 


Superior  votia  cava 
Aorta— 


Ltd  ^mgtiv.  ii*n'p 


PuImoQiLry  uttrf' 
Sui)»*ri<vr  vnnn  mva 


Right  imlijiod' 
ary  veinii 


PericanlliiRi 


Inferior  vf^mi 


Lfift  putm<»iuirjr  artecj 


iMMTlCbll* 

Tj(^rt  pjilmonir)-  tHih  Ib  root  oi 


Ferkmnllum 


Flu.  019. — PosTEuiou  Wall  ok  the  Pericardium  after  removal  of  the  Heart,  showing  the^reUtirti  o( 
the  Herons  pericurdiuiii  to  the  great  vessels.     From  a  fonnaliii  pre{)aration  mode  by  Profewior  Birmingbam. 

The  serous  pericardium  is  a  closed  sac  containing  a  little  fluid  (liquor  peri- 
cardii). It  is  surrounded  by  the  fibrous  pericardium  and  invaginated  by  the  heart. 
It  is,  therefore,  separable  into  two  portions — the  parietal,  which  lines  the  inner  sur- 
face of  the  fibrous  sac,  and  the  visceral,  which  ensheaths,  or  partially  enaheaths,  the 
heart  and  the  great  vessels  ;  but  the  two  portions  are,  of  course,  continuous  with 
each  other  where  the  serous  layer  is  reflected  on  to  the  great  vessels  as  they  pierce 
the  fibrous  layer.  The  majority  of  the  great  vessels  receive  only  partial  coverings 
from  the  visceral  layer :  thus  the  superior  vena  cava  is  covered  in  front  and 
laterally ;  the  pulmonary  veins  in  front,  above,  and  below ;  and  the  inferior  vena 
cava,  for  a  very  short  distance,  in  front  and  laterally.  The  aorta  and  the 
pulmonary  artery  are  enclosed  together  in  a  complete  sheath  of  the  visceral  layer ; 
and  when  the  pericardial  sac  is  opened  from  the  front  it  is  possible  to  pan 
the  fingers  behind  them  and  in  front  of  the  auricles,  from  the  right  to  the  left 
side,  through  a  passage  called  the  great  transTerse  sinuB  of  the  pericardium.    The 
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paces  or  pouches  which  intervene  betwe^  the  vessels  which  receive  partial  coverings 
rom  the  serous  pericardium  are  also  called  sinuses ;  and  the  largest  of  them,  which 
i  bounded  below  and  on  the  right  by  the  inferior  vena  cava,  and  above  and  on  the 
3ft  by  the  left  inferior  pulmonary  vein,  is  known  as  the  great  oblique  sinus.  It 
masses  upwards  and  to  the  right  behind  the  left  auricle,  and  lies  in  front  of  the 
esophagus  and  the  descending  thoracic  aorta. 

A  small  fold  of  the  serous  pericardium,  the  vestigial  fold  of  Marshall  (Uga- 
uentum  v.  cavae  sinistrse),  passes  from  the  left  pulmonary  artery  to  the  left  superior 
pulmonary  vein  behind  the  left  extremity  of  the  transverse  sinus.  It  merits 
special  attention  because  it  encloses  the  remains  of  the  left  superior  vena  cava, 
yfhioh  atrophies  at  an  early  period  of  foetal  lile. 

Stmctnra — The  fibrous  pericardium  consists  of  ordinary  connective  tissue  fibres  felted 
togetlier  into  a  dense,  unyielding  membrane.  The  seroas  i)ericardium  is  covered  on  its  inner 
aspet^t  by  a  layer  of  flat  endotlielial  cells  which  rest  upon  a  basis  of  mixed  white  and  elastic  fibres 
in  which  run  numerous  blood-vessels,  lymphatics,  ana  nerves. 

THE  ARTERIES. 
THE  PULMONARY  ARTERY. 

The  pulmonary  artery  (a.  pulmonalis)  springs  from  the  anterior  and  left  angle 
>f  the  base  of  the  right  ventricle,  at  the  termination  of  the  infundibulum.  It 
B  sUghtly  larger  at  its  commencement  than  the  aorta,  and  is  dilated  immediately 
ibove  the  valves  into  three  pouches,  the  sinuses  of  Valsalva.  It  runs  upwards  and 
backwards  towards  the  concavity  of  the  aortic  arch,  curving  from  the  front  round 
bhe  left  side  of  the  ascending  aorta  to  reach  a  plane  posterior  to  the  latter ;  and  it 
terminates,  by  dividing  into  right  and  left  branches,  opposite  the  sixth  dorsal 
vertebra.     Its  length  is  a  little  more  than  two  inches. 

Relations. — The  pulmonary  artery  is  enclosed  within  the  fibrous  pericardium, 
and  enveloped  along  with  the  ascending  aorta  in  a  common  sheath  of  the  visceral 
layer  of  the  serous  pericardium.  It  lies  behind  the  inner  extremity  of  the  second 
left  intercostal  space,  from  which  it  is  separated  by  the  anterior  margins  of  the  left 
liing  and  pleural  sac. 

Its  posterior  relations  are  the  root  of  the  aorta,  the  anterior  wall  of  the  left 
auricle,  and  the  first  part  of  the  left  coronary  artery.  To  the  right  it  is  in  relation 
^*ith  the  right  coronary  artery  and  the  right  auricular  appendix,  and  to  the 
left  with  the  left  coronary  artery  and  the  left  auricular  appendix.  Immediately 
^bove  its  bifurcation,  between  it  and  the  aortic  arch,  is  the  superficial  cardiac 
plexus. 

The  right  branch  of  the  pulmonary  artery  is  longer  and  larger  than  the 
left.  It  passes  to  the  hilum  of  the  right  lung,  forming  one  of  the  constituents  of 
its  root,  and,  entering  the  lung,  descends  with  the  main  bronchus  to  the  lower 
Extremity  of  the  organ. 

Relations. — Before  it  enters  the  lung  the  right  pulmonary  artery  passes  behind  the 
u»cending  aorta,  the  superior  vena  cava,  and  the  upper  right  pulmonary  vein.  At  first 
t  lies  below  the  arch  of  the  aorta  and  the  right  bronchus,  in  front  of  the  a^sopliagus,  and 
ibove  the  left  auricle  and  the  lower  right  pulmonary  vein  ;  then  it  crosses  in  front  of  the 
ight  bronchus  immediately  below  the  eparterial  branch,  and  reaches  the  hiluni  of  the 
ung.  After  entering  the  lung  the  artery  descends,  behind  and  to  the  outer  side  of 
he  main  bronchus  and  between  its  ventral  and  dorsal  branches. 

Branches. — Before  entering  the  hilum  it  gives  off  a  largo  branch  to  the  upper  lobe 
irhich  accompanies  the  eparterial  bronchus,  and  in  the  substance  of  the  lung  it  gives 
•ff  numerous  branches  which  correspond  with  and  accompany  the  dorsal,  ventral,  and 
ccessory  branches  of  the  right  bronchus. 

The  left  branch  of  the  pulmonary  artery,  shorter,  smaller,  and  somewhat 
ligher  in  position  than  the  right,  passes  outwards  and  backwards  from  the  bifurca- 
ion  of  the  pulmonary  stem,  and  runs  in  the  root  of  the  left  lung  to  the  hilum ;  it 
hen  descends  in  company  with  the  main  bronchus  to  the  lower  end  of  the  lun^. 
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Relations. — Before  it  eiiters  the  lung  it  is  crosaed  in 
pylmoiinry  vein  :  fjeAfftti  it,  h  the  left  hroncljus  and  the  d^ 
uortic  arclij  to  which  it  I**  coiineeti^tl  hy  the  li*^niijeviium  arteri*^ 
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THE  SYSTEMIC  ARTERIES. 
THE  AORTA. 

aorta  is  the  main  trunk  of  the  arterial  system.  It  commences  at  the  base 
jft  ventricle  and  ascends,  with  an  inclination  to  the  right,  to  the  level  of 
)nd  right  costal  cartilage ;  then  curving  backwards  and  to  the  left,  it 
the  left  side  of  the  lower  border  of  the  fourth  dorsal  vertebra,  and  finally 
3  through  the  thorax  into  the  abdomen,  where  it  terminates,  on  the  left  of  the 
)lane,  at  the  level  of  the  fourth  lumbar  vertebra,  by  bifurcating  into  the  two 
iliac  arteries.  The  portion  of  the  aorta  which  is  situated  in  the  thorax  is, 
enience,  termed  the  thoracic  aorta,  and  the  rest  of  the  vessel  is  known  as 
)minal  aorta. 

THE  THORACIC  AORTA. 

thoracic  aorta  is  subdivided  into  the  ascending  portion,  the  arch,  and  the 

ing  portion. 

ascending  aorta  (aorta  ascendens)  lies  in  the  middle  mediastinum.     It 

from  the  base  of  the  left  ventricle,  behind  the  left  margin  of  the 
,   opposite   the  lower   border  of  the   third   left  costal  cartilage  and   the 

the  sixth  dorsal  vertebra.  From  its  origin  it  passes  upwards,  forwards, 
the  right,  and  it  terminates  in  the  arch  of  the  aorta,  behind  the  right 

of  the  sternum,  at  the  level  of  the  second  costal  cartilage.     Its  length 

2  to  2^  inches  (50  to  57  mm.),  and  its  breadth  is  1^  inches  (28  mm.) 
adult  it  is  a  little  narrower  at  its  commencement  than  the  pulmonary 
?,  but  in  old  age  it  enlarges  and  exceeds  the  latter  vessel  in  size.  The 
r,  however,  is  not  uniform  throughout  the  whole  length  of  the  ascending 
bur  distinct  dilatations  are  present.  Three  of  these,  small  and  pouch-like, 
wn  as  the  sinuses  of  Valsalva  (sinus  aortse).  They  are  situated  at  the 
•f  the  aorta,  immediately  above  the  semilunar  cusps  of  the  valve  which 
ihe  aperture  of  communication  with  the  left  ventricle ;  one  is  anterior  in 
,  and  two  are  situated  posteriorly.  The  fourth  dilatation  is  formed  by 
e  bulging  of  the  right   wall,  and   is  known  as   the  great  sinus  of  the 

Ltions. — The  ascending  aorta  is  completely  enclosed  within  the  fibrous  peri- 
which  blends  above  with  the  sheath  of  the  vessel.  It  is  enveloped,  together 
stem  of  the  pulmonary  artery,  in  a  tubular  prolongation  of  the  serous  pericar- 
d  at  its  origin  has  the  pulmonary  artery  in  front,  the  anterior  wall  of  the  left 
ehind,  and  the  right  auricular  appendix  on  its  right  side.  In  the  upper  part  of 
3  the  ascending  aorta  is  overlapped  by  the  anterior  margins  of  the  right  lung  and 
ural  sac,  whilst  behind  it  are  the  right  auricle,  the  right  branch  of  the  pulmonary 
[le  right  bronchus,  and  the  left  margin  of  the  superior  vena  cava.  The  superior 
a  lies  on  the  right  side,  and  partly  behind  the  upper  part  of  the  ascending  aorta, 
e  pulmonary  artery  is  at  first  in  front  of  it  and  then,  at  a  higher  level,  on  its  left 

iches. — Two  branches  arise  from  the  ascending  aorta,  viz.  the  right  and  the  left 
arteries.  The  former  springs  from  the  anterior,  and  the  latter  from  the  left 
sinus  of  Valsiilva  (p.  800). 

arch  of  the  aorta  (arcus  aortas)  lies  in  the  superior  mediastinum  behind 
3r  part  of  the  manubrium  sterni,  and  connects  the  ascending  with  the 
ng  aorta.  It  commences  behind  the  right  margin  of  the  sternum,  on  a 
>h  the  second  costal  cartilage,  and  extends  to  the  lower  border  of  the  fourth 
ertebra.  As  its  name  implies,  it  forms  an  arch ;  in  this  there  are  two 
es,  one  with  the  convexity  upwards,  and  the  other  with  the  convexity 
\  and  to  the  left.  From  its  origin  it  runs  for  a  short  distance  upwards, 
ds,  and  to  the  left,  in  front  of  the  trachea;  then  it  passes  backwards, 
le  left  side  of  the  trachea  to  the  left  side  of  the  body  of  the  fourth  dorsal 
,  and  finally  turns  downwards  to  become  continuous  with  the  descending 
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At  its  commencement  it  has  the  same  diameter  as  the  ascending  aorta,  1^ 
inches  (28  mm.),  but  after  giving  off  three  large  branches,  the  diameter  is  reduced 
to  a  little  less  than  one  inch  (23  mm.) 

Relations. — It  is  overlapped  in  front  and  on  the  left  side  by  the  right  and  left  lungs 
and  pleural  sacs,  but  much  more  by  the  latter  than  tlie  former,  and  in  the  iuten-al 
between  and  behind  the  pleural  sacs  it  is  covered  by  the  remains  of  the  thymus  gland. 
As  it  turns  backwards  it  is  crossed  vertically  on  the  left  side  by  four  nerves  in  the 
followinjj:  order  from  before  backwards : — the  left  phrenic,  the  inferior  cervical  canliac 
branch  of  the  left  vagus,  the  superior  cardiac  branch  of  the  left  sympathetic,  and  the 
trunk  of  the  left  vagus,  and  the  left  superior  intercostal  vein  passes  obliquely  upwarls 
and  to  the  right  between  the  vagus  and  phrenic  nerves. 

Hchiwl  and  to  the  rifht  side  of  the  arch  are  the  trachea,  deep  cardiac  plexus,  the  left 
recurrent  laryngeal  nerve,  the  left  border  of  the  oesophagus,  and  the  thoracic  duct.  Ahnt 
are  its  three  large  branches — the  innomiuate,  the  left  common  carotid,  and  the  left 
subclavian  arteries — and  crossing  in  front  of  the  roots  of  these  is  the  left  innomiuate  vein. 
Inflow  is  the  bifurcation  of  the  pulmonary  artery  and  the  root  of  the  left  lung ;  the 
ligament uin  arteriosum,  which  is  also  below,  attaches  it  to  the  commencement  of  the 
left  pulmonary  artery,  whilst  to  the  right  of  the  ligament  is  the  superficial  cardiac 
plexus,  and  to  its  left  is  the  left  recurrent  laryngeal  nerve. 

Branches. — The  three  great  vessels  which  supply  the  head  and  neck,  part  of  tie 
thuracic  wall,  and  the  ui)p)er  extremities — viz.  the  innominate,  the  left  common  carotii 
and  the  left  subclavian  arteries — arise  from  the  aortic  arch. 

The  descending  aorta  (aorta  descendens). — The  thoracic  portion  of  the  de- 
scending aorta  lies  in  the  posterior  mediastinum ;  it  extends  from  the  ternunation 
of  the  arch,  at  the  lower  border  of  the  left  side  of  the  fourth  dorsal  vertebra,  to 
the  aortic  upcming  in  the  diaphragm,  where,  opposite  the  twelfth  dorsal  vertebra, 
it  })ecome8  continuous  with  the  abdominal  portion.  Its  length  is  from  seven  to 
eight  inches  (17*5  to  20  cm.),  and  its  diameter  diminishes  from  23  mm.  at  its 
commencement  to  21  mm.  at  its  termination. 

Relations. — Immediately  behind  it  is  the  vertebral  column  and  the  anterior 
common  ligament.  It  rests  also  on  the  vena  azygos  minor  superior  and  the  vena 
azygos  minor  inferior,  whilst  from  its  posterior  aspect  the  aortic  intercostal  branches  are 
given  off. 

In  front  it  is  in  relation,  from  above  downwards,  with  the  root  of  the  left  lung,  the  peri- 
cardium which  separates  it  from  tlie  back  of  the  left  auricle,  the  cesophagus  with  the  oeso- 
phageal plexus  of  nerves,  and  the  crura  of  the  diaj)hragm  which  separate  it  from  the  Spigelian 
lobe  of  the  liver.  On  the  left  side  are  the  left  lung  and  pleura.  On  the  right  iidf  the 
tlioracic  duct  and  the  vena  azygos  major  form  immediate  relations  along  its  whole  lengiU- 
The  ODsophagus  also  lies  to  the  right  of  the  upper  pirt  of  the  descending  aorta,  whilst  th€r 
right  lung  and  pleura  are  in  close  relation  below. 

Branches. — Nine  pairs  of  aortic  intercostal  arteries,  two  left  bronchial  arteries,  fou^ 
or  five  a^soj)hageal,  some  small  pericardial,  and  a  few  posterior  mediastinal  branches^ 
usuallv  arise  from  the  descending  aorta. 


THE  ABDOMINAL  AORTA. 

The  abdominal  portion  of  the  descending  aorta  lies  in  the  epigastric  ancJ 
umbilical  regions  of  the  abdomen.  It  extends  from  the  middle  of  the  lowe^ 
border  of  the  last  dorsal  vertebra  to  the  left  side  of  the  body  of  the  fourth  lumbal 
vertebra,  where  it  bifurcates  into  the  right  and  left  common  iliac  arteries.  Th^ 
])oint  of  division  is  a  little  below  and  to  the  left  of  the  umbilicus,  opposite  a  lin^ 
drawn  transversely  across  the  abdomen  on  a  level  with  the  highest  points  of  th^* 
iliac  crests. 

At  its  commencement  it  is  21  mm.  in  diameter,  but  after  the  origin  of  two 
large  branches,  the  cceliac  axis  and  the  superior  mesenteric  arteries,  it  diminishes 
considerably,  and  then  retains  a  fairly  uniform  diameter  to  its  termination. 

ReJations. — Behind^   it  is  in  contact  with  the   upper  four  lumbar  vertebre  and 


fntcrvciiing  intcrvtirtebr4l  distus,  the  anterior  ooiuiBOn  liganiont,  and  the  left  lumbal*  veins  ; 
the  lumbar  ami  tho  middle  sacml  arterie.^  spring  from  this  iiapeet  of  the  vcbsuL  Tn  fmni^ 
fcud  in  close  relntimi  with  it,  there  are  from  above  downward;^  the  following  stl'iictrires  j 
flhe  o-L'liuc  axis  and  sohir  ple,\us,  the  pancreas  and  ftjilenic  vein,  the  8uj>erior  mesenteric 
iirterv,  the  left  I'enal  vein,  the  thirti  part  of  the  dncMlenuni,  the  n*o%  of  the  mesentery,  the 
aortic  plexus,  the  inferior  mesenteric  artery^  the  peritoneum  and  coils  of  email  intestine. 
>llDre  superficially  tire  stomach,  the  tninsverse  colon,  and  the  great  and  small  omenta,  are 
ia  front.     On  the  riffkt  mie,  in  the  upper  part  of  it-*  exteutj  are  the  thoracic  duct  and 
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_  .tacnlum  ehyli,  the  vena  a/.ygos  major,  aud  the  riglit  ernis  of  the  diaphragm,  the 
«tJ.er  i*epa rating  it  fi*om  the  right  semilunar  ganglion  and  from  the  upper  part  of  the 
^i^firrior  vena  cava.  In  it«  lower  p/irt  it  is  in  direct  relation  with  the  inferior  vena  rmva, 
On  tl^e  If/t  mh,  the  left  erus  of  the  diaphragm  with  the  left  semilunar  ganglion,  and  the 
^^nn\i  part  of  tlie  doodennm,  are  in  close  relation  with  its  upper  part,  whilst  in  the  lower 
f>t>rtifin  of  it«  extent  the  peritoneimi  and  Home  coils  of  the  small  intestine  are  in  contact 
^ih  it 

Branches. — llio  branches  fniin  two  groups,  viscend  and  parietal,  and  each  group 
t«  of  paired  and  impaired  ircssels,  n^  follows  :^ 
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Visceral. 


Unpaired. 

Cojliac  axis 

Superior  mesen- 
teric 

Inferior  mesen- 
teric 


Paired. 


Suprarenal 
Renal 

Spermatic     or 
ovarian 


Parietal 


Unpaired. 


Pidied. 


Middle  sacral 


Inferior  phrenic 
Lumbar  (four  pain) 
Common  iliac 


BRANCHES  OF  THE  ASCENDING  AORTA. 
CoRONAKY  Arteries. 

The  coronary  arteries  are  two  in  number,  a  right  and  a  left ;  they  are  distributed 
almost  entirely  to  the  heart,  but  give  also  some  small  branches  to  the  roots  of  the 
great  vessels,  and  to  the  pericardium  (Figs.  613,  614,  and  617). 

The  right  coronary  artery  (a.  coronaria  dextra)  springs  from  the  anterior 
sinus  of  Valsalva.  It  runs  forwards,  between  the  root  of  the  pulmonary  artery 
and  the  right  auricular  appendix,  to  the  auriculo- ventricular  sulcus,  in  which  it 
pisses  to  the  right,  and  then,  turning  round  the  margin  of  the  heart,  is  continued  to 
the  left  as  far  as  the  posterior  end  of  the  inferior  interventricular  sulcus,  where  it 
ends  by  dividing  into  two  terminal  branches.  It  is  accompanied  by  branches 
from  the  cardiac  plexus,  and  is  in  relation  with  the  right  coronary  vein. 

Branches. — Of  the  two  terminal  branches,  one,  the  transverse  (ramus  circumflexiu),  is  of 
small  size ;  it  is  simply  the  continuation  of  the  main  t^mk  which  runs  farther  to  the  left  to 
anastomose  with  the  transverse  branch  of  the  left  coronary  artery.  The  other,  the  interreBtiicalir 
(ramus  descendens),  is  much  larm^r  than  the  transverse  branclh  It  runs  forwards  in  the  inferior 
interventricular  sulcus,  supplies  both  ventricles,  and  anastomoses,  at  the  apex  of  the  heart,  with 
the  interventricular  branch  of  the  left  coronary  artery. 

In  addition  to  the  tenuinal  branches  small  aortic  and  pulmonary  twigs  are  distributed  to  the 
roots  of  the  aorta  and  pulmonary  arter}'  res]>e(rtively.  A  right  aoricolar  branch  passes  apwanb 
on  the  anterior  surface  of  the  right  auricle,  between  it  and  the  ascending  aorta ;  one  or  more 
preventricular  branches,  of  small  size,  descend  on  the  anterior  surface  of  tne  ri^ht  ventricle ;  a 
branch  of  larger  size,  the  marginal  artery,  descends  along  the  right  margin  and  gives  branches  t<* 
l)oth  surfaces  of  the  right  ventricle. 

The  left  coronary  artery  (a.  coronaria  sinistra)  arises  from  the  left  posterior 
sinus  of  Valsalva.  In  its  course  and  distribution  it  resembles  in  many  respects 
the  right  coronary  artery,  the  chief  difference  being  that  it  divides  much  sooner 
into  its  two  terminal  branches ;  the  trunk  of  the  artery  is  therefore  correspondinglT 
short.  From  its  origin  it  runs  forwards  between  the  root  of  the  pulmonary  arterv 
and  the  left  auricular  appendix,  and,  reachmg  the  auriculo- ventricular  sulcus  at  the 
upper  end  of  the  anterior  interventricular  groove,  divides  immediately  into  trans- 
verse and  interventricular  terminal  branches. 

Branches. — The  transverse  terminal  branch  (mmus  ciirumtltwus)  runs  to  the  left  margin  of 
the  heart,  and  there  turns  to  the  inferior  surface  where  it  corner  into  relation  with  the  coronarr 
sinus ;  it  ends  by  anastomosing  with  the  transverse  branch  of  the  right  coronary  artery,  ft 
supplies  the  left  auricle,  the  left  margin  of  the  heart,  and  the  posterior  part  of  the  lower  snifKe 
of  the  left  ventricle.  The  interventricuhir  terminal  branch  (ramus  descendens  anterior)  pMses 
down  the  anterior  interventricular  sulcus  to  the  apex  of  the  heart,  where  it  anastomoees  with 
the  interventricular  branch  from  the  right  cort)nary ;  it  HUj)i)lie3  lx)th  ventricles,  and  is  aooom- 
panied  by  cardiac  nervea  tand  by  the  great  cartliac  vein. 

A  left  auricular  branch,  or  branches  of  smaU  size,  jwuss  to  the  wall  of  the  left  auricle,  and  small 
aortic  and  pulmonary  branches  aiv  also  given  to  the  roots  (^f  the  aorta  and  pulmonary  artery. 


BRANCHES  OF  THE  ARCH  OF  THE  AORTA. 

The  branches  which  arise  from  the  arch  of  the  aorta  supply  the  head  and  neck, 
the  upper  extremities,  and  part  of  the  body  wall. 

They  are  three  in  number,  viz.  the  innominate,  the  left  common  carotid,  and 
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the  left  snbclavian  arteries.  The  innominate  is  a  short  trunk  from  the  termination 
of  which  the  right  common  carotid  and  the  right  subclavian  arteries -spring  (Figs. 
520  and  624) ;  thus  there  is  at  first  a  difference  between  the  stem  vessels  of  opposite 
sides,  but  beyond  this  the  subsequent  course  and  the  ultimate  distribution  of  these 
vessels  closely  correspond. 

THE  INNOMINATE  ARTERY. 

The  innominate  artery  (a.  anonyma,  Fig.  620)  arises  behind  the  middle  of  the 
lower  part  of  the  manubrium  sterni,  from  the  convexity  of  the  arch  of  the  aorta 
near  its  right  or  anterior  extremity,  and  terminates  opposite  the  right  sterno- 
clavicular articulation,  where  it  divides  into  the  right  subclavian  and  right  common 
carotid  arteries. 

Course. — The  trunk,  which  measures  from  one  and  a  half  to  two  inches  (37  to 
50  mm.)  in  length,  runs  upwards,  backwards,  and  outwards  in  the  superior 
mediastinum. 

Relations. — Posterior. — It  is  in  contact  behind,  with  the  trachea  below  and  with 
the  right  pleural  sac  above. 

Anteinor. — The  left  innominate  vein  crosses  in  front  of  the  lower  part  of  the  artery, 
and  above  this  the  sterno-thyroid  muscle  separates  it  from  the  stemo-hyoid  and  the  right 
stemo-clavicular  joint.  The  remains  of  the  thymus  g]and,  which  separate  it  from  the 
manubrium  sterni,  are  also  in  front. 

Lateral. — The  right  innominate  vein  and  the  upper  part  of  the  superior  vena  cava 
are  on  the  right  side  of  the  artery.  On  its  left  side  is  the  origin  of  the  left  common 
carotid  artery,  whilst  at  a  higher  level  the  trachea  is  in  contact  with  it. 

Branches. — As  a  rule  the  innominate  artery  does  not  give  off  any  branches  except 
its  two  terminals,  but  occasionally  it  furnishes  an  additional  branch,  the  thyroidea  ima 

The  thyroidea  ima  is  an  inconstant  and  slender  vessel.  When  present  it 
sometimes  arises  from  the  arch  of  the  aorta,  but  it  usually  springs  from  the  lower 
part  of  the  innominate.  It  passes  upwards  in  front  of  the  trachea,  through  the 
anterior  part  of  the  superior  mediastinum  and  the  lower  part  of  the  neck,  and  gives  off 
branches  to  the  lateral  lobes  aiid  isthmus  of  the  thyroid  body  and  to  the  trachea. 

THE  AKTERIES  OF  THE  HEAD  AND  NECK. 

The  vessels  distributed  to  the  head  and  neck  are  chiefly  derived  from  the 
carotid  trunks ;  there  are,  however,  in  addition,  other  vessels  which  arise  from  the 
main  arterial  stems  of  the  upper  extremities,  and  it  will  be  advantageous  to 
describe  the  most  important  of  these,  viz.  the  vertebral  arteries,  with  the  carotid 
system.  The  smaller  additional  branches  will  be  considered  along  with  the 
remaining  branches  of  the  subclavian  arteries. 

The  carotid  system  of  arteries  consists  on  each  side  of  a  common  carotid  trunk, 
which  divides  into  internal  and  external  carotid  arteries,  from  winch  numerous 
branches  are  given  off. 

The  internal  carotid  arteries  are  distributed  almost  entirely  to  the  contents  of 
the  cranial  cavity  internal  to  the  dura  mater,  and  to  the  structures  in  the  cavity 
of  the  orbit.  The  externar carotid  arteries,  on  the  other  hand,  supply  structures  of 
the  head  and  neck  more  externally  situated. 

It  is  to  be  observed,  however,  that  the  vascular  supply  of  the  brain  is  not  wholly 
derived  from  the  internal  carotid  vessels,  but  that  the  vertebral  arteries  also 
cx)ntribute  largely  to  it. 

THE  COMMON  CAROTID  ARTERIES. 

The  right  and  the  left  common  carotid  arteries  are  of  unequal  length.  The 
right  common  carotid  commences  at  the  bifurcation  of  the  innominate  artery, 
behind  the  right  sterno-clavicular  articulation ;  the  left  arises  in  the  superior 
mediastinum  from  the  arch  of  the  aorta,  but  each  terminates  at  the  level  of 
the  upper  border  of  the  thyroid  cartilage ;  the  left  artery  has  tVwxft  a  %\vot\,  Vv\\rt^- 
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thoracic  -course,  and  ro  far  its  relations  call  for  separate  consideration ;  whilst  iu 
the  rest  of  its  course  it  passes,  like  the  right  common  carotid,  upwards  in  the  neck 
and  has  almost  similar  relations. 

Thoracic  Portion  of  the  Left  Common  Carotid. — The  thoracic  or  mediastinal 
portion  of  the  left  common  carotid  artery  (a.  carotis  communis  sinistra)  extends^ 
from  the  upper  aspect  of  the  aortic  arch,  a  little  behind  and  to  the  left  of  the 
origin  of  the  innominate  artery,  to  the  left  sterno-clavicular  articulation,  where 
the  cervical  portion  commences.  It  is  about  one  or  one  and  a  half  inches  in 
length  (25  to  37  mm.),  and  it  runs  upwards  and  slightly  outwardB  through  the 
upper  part  of  the  superior  mediastinum,  lying  farther  back  than  the  innominate 
artery. 

Relations. — Posterior. — The  vessel  is  in  contact  behind  and  from  below  upwards  with 
the  trachea,  the  left  recurrent  laryngeal  nerve,  the  oasophagus,  and  the  thoracic  duct. 

Anterior, — The  left  innominate  vein  runs  obliquely  across  the  front  of  the  arter}',  upou 
which  cardiac  brancrhes  from  the  left  vagus  and  sympathetic  descend  vertically.  These 
structures,  together  with  the  remains  of  the  thymus  gland  and  the  anterior  margins  of  the 
left  lung  and  pleura,  separate  the  artery  from  the  manubrium  stemi,  and  from  the  origins 
of  the  sterno-hyoid  and  sterno-thyroid  muscles. 

Lateral. — The  innominate  artery  below  and  the  trachea  above  are  on  the  right  side. 
The  left  pleura,  and,  on  a  posterior  plane,  the  left  phrenic  and  vagus  nerves  and  the  left 
subclavian  artery  are  on  its  left  side. 

Cervical  Portion  of  the  Left  Common  Carotid  Artery. — The  cervical  part 
of  the  left  common  carotid  artery  is  about  three  and  a  half  inches  long  ;  it  extends 
from  the  left  sterno-clavicular  articulation  to  the  level  of  the  upper  lK>rder  of  the 
thyroid  cartilage  and  the  lower  border  of  the  third  cervical  vertebra,  where  it  ends 
by  dividing  into  the  external  and  internal  carotid  arteries. 

Course. — It  runs  upwards,  outwards,  and  backwanls,  through  the  muscular  and 
the  lower  part  of  the  carotid  divisions  of  the  anterior  triangle  of  the  neck.  In  the 
lower  part  of  its  extent  it  is  separated  from  its  fellow  of  the  opposite  side  by  the 
trachea  and  the  cesophagus,  and  in  the  upper  part  by  the  relatively  wide  pharynx. 

Relations. — It  is  enclosed,  together  with  the  interuaj  ^jpgular  vein  and  the  vagus 
nerve,  in  a  sheath  of  deep  cervical  fascia — the  carotid  shesnoT 

Posterior. — The  longus  colli  and  scalenus  anticus  below,  and  the  rectus  capitis  auticus 
major  above,  are  separated  from  the  posterior  surface  of  the  artery  and  sheath  by  the 
prevertebral  fascia  and  the  sympathetic  cord.  The  inferior  thyroid  artery  crosses  close 
behind  the  vessel  about  the  level  of  the  first  ring  of  the  trachea ;  lower  down  the  vertebral 
artery  and  the  thomcic  duct  are  posterior  to  it,  and  the  vagus  nerve  lies  behind  and  to  iU 
outer  side. 

Anterior.  The  descendens  cervicis  nerve  descends  superficial  to  the  artery,  usually 
outside  the  sheath,  but  sometimes  enclosed  in  it.  Opposite  the  sixth  cervical  vertebra  the 
omo-hyoid  muscle  and  the  stemomastoid  branch  of  the  superior  thyroid  artery  cross  the 
carotid  artery,  which  is  overlapped,  al)ove  the  omo-hyoid  muscle,  by  the  anterior  border  of 
the  sterno-niastoid,  and  it  is  frequently  crossed,  in  this  part  of  its  extent,  by  the  superior 
thyn)id  vein.  Below  the  omo-hyoid  the  artery  is  covered  by  the  sterno-thyroid,  the  steno- 
hyoid,  and  the  sterno-mastoid  muscles,  and  it  may  be  overlapped  by  the  lateral  lobe  of  the 
thyroid  botly ;  it  is  also  crossed  beneath  the  muscles  by  the  middle  thyroid  vein,  whilst 
occasionally  a  coummnication  between  the  common  facial  and  anterior  jugular  veinfl 
descends  in  front  of  the  artery  along  the  anterior  border  of  the  sterno-mastoid.  Just 
alx>ve  the  sternum  the  anterior  jugular  vein  is  in  front  of  the  artery,  but  separated  from 
it  b}'  the  sterno-hyoid  and  sterno-thyroid  muscles. 

Latera/.--The  tmchea  and  a^sophagus,  with  the  recurrent  laryngeal  ner\-e  in  the  angle 
between  them,  are  internal  to  the  lower  part  of  the  artery  ;  the  pharynx  and  larynx  are 
internal  to  its  upper  part.  The  carotid  gland  lies  innnediately  to  the  inner  side  of  the 
termination  of  the  artery. 

The  internal  jugular  vein  occupies  the  outer  part  of  the  carotid  sheath,  and  lies  not 
only  to  the  outer  side  of  the  artery,  but  also  overlaps  it  in  front,  especially  in  the  lower 
part  of  its  extent. 

Branches. — As  a  rule  no  branches  are  given  off  from  either  of  the  common  carotid 
arteries  excej)t  the  terminal  branches  and  some  miimtc  twigs  from  each  to  the  correspond- 
iiifr  carotid  sheath  and  carotid  body. 
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The  right  common  carotid  artery,  as  already  stated,  differs  as  regards  origin 
from  the  left  common  carotid.  In  length  and  general  position  it  corresponds  witli 
the  cervical  portion  of  the  left  common  carotid,  and  its  relations  pIso  are  very 
similar.  Such  differences  as  exist  may  be  briefly  summarised  as  follows: — The 
internal  jugular  vein  on  both  sides  lies  external  to  the  artery ;  on  the  left  side  it 
runs  well  in  front  of  the  carotid  artery  in  the  lower  part  of  the  neck,  whilst  on  the 
right  side  the  vein  is  separated  from  the  outer  surface  of  the  artery  at  its  lower  end 
by  a  well-marked  interval  in  which  the  vagus  nerve  appears.  The  thoracic  duct 
does  not  come  into  relation  with  the  right  common  carotid,  and  there  is  also  a 
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difiference  in  the  relations  of  the  recurrent  laryiige<il  nerves  to  the  arteries  on  the 
two  sides.  Oji  the  left  side  the  nerve  crosses  behind  the  mediastinal  part  of  the 
left  artery,  and  hes  internal  to  its  cervical  part,  whilst  tlie  corresponding  nerve  on 
tlie  right  side  passes  behind  the  lower  part  of  the  carotid  artery  in  the  neck  to  reach 
its  inner  side,  and  the  oesophagus  has  a  less  intimate  relation  with  the  right  than 
with  the  left  common  carotid  artery. 


THK    EXTERNAL   CAROTID   ARTERY. 

The  external  carotid  artery  (a.  carotis  externa,  Fig.  623)  is  the  smaller  of  the  two 
terminal  branches  of  the  common  carotid ;  its  length  is  about  Uvo  aivA.  a  \vtvM*\tvOw^ 
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(62  mm.)  It  extends  from  the  upper  border  of  the  thyroid  cartilage  to  the  back 
of  the  neck  of  the  mandible,  where  it  terminates  by  dividing  into  the  superficia 
temporal  and  the  internal  maxillary  arteries. 

Course. — It  commences  in  the  carotid  triangle,  passes  upwards  internal  to  th 
posterior  belly  of  the  digastric  and  the  stylo-hyoid  muscles  to  enter  the  posterio 
part  of  the  submaxillary  triangle,  where  it  disappears  behind  the  lower  part  of  th 
parotid  gland,  and  it  terminates  under  cover,  or  in  the  substance,  of  the  upper  pai 
of  the  gland. 

At  its  commencement  it  lies  somewhat  in  front  of  and  to  the  inner  side  of  tb 
internal  carotid  artery,  but,  inclining  slightly  backwards  as  it  ascends,  it  becomi 
superficial  to  the  latter  vessel,  and  its  course  is  indicated  by  a  line  drawn  from  t\ 
lobule  of  the  ear  to  the  posterior  extremity  of  the  great  cornu  of  the  hyoid  bone. 

Relations. — Posterior, — In  the  lower  part  of  its  extent  it  is  in  close  relation  with  tt 
internal  carotid,  and  in  the  upper  part  of  its  course  with  the  cartilaginous  portion  of  tl 
external  auditory  meatus. 

Lateral. — At  its  comniencement  the  fibres  of  the  inferior  constrictor  muscle  are  in  cod 
tact  with  its  inner  side,  but  at  a  higher  level  the  structures  which  intervene  between  it 
and  the  internal  carotid — viz.  the  stylo-pharyngeus  muscle,  the  tip  of  the  styloid  process, 
the  stylo-glossus  muscle,  the  glosso-pharyngeal  nerve,  and  the  pharyngeal  branch  of  the 
vagus — separate  it  from  the  wall  of  the  pharynx  ;  whilst  internal  both  to  it  and  to  the 
internal  carotid  artery  are  the  external  and  internal  laryngeal  branches  of  the  superior 
laryngeal  nerve. 

Superjicial. — In  the  carotid  triangle  the  lingual,  ranine,  common  facial,  and  superior 
thyroid  veins  are  superficial  to  it,  and  the  hypoglossal  nerve  crosses  the  artery  immediately 
below  tlie  origin  of  its  occipital  branch.  On  the  boundary  line  between  the  carotid  and 
the  submaxillary  triangles  the  posterior  belly  of  the  digastric  and  the  stylo-hyoid  muscles 
cover  the  artery,  and  from  the  tip  of  the  mastoid  process  downwards  it  is  overlapped  by 
the  anterior  border  of  the  stemo-mastoid  muscle.  Above  the  posterior  belly  of  the 
digastric  the  parotid  gland  is  superficial  to  the  artery,  while  still  more  superficially  are 
the  superficial  fascia  and  the  skin.  In  the  substance  of  the  parotid  gland  the  temporo- 
maxillary  vein  descends  on  the  outer  side  of  the  artery,  and  the  facial  nerve  crosses  on 
the  outer  side  of  the  vein  at  a  right  angle  to  it. 

Branches. — Eight  branches  arise  from  the  external  carotid  artery ;  of  these  three— the 
superior  thyroid,  the  lingual,  and  the  facial — spring  from  its  anterior  aspect  in  the  carotid 
triangle ;  two  arise  from  its  posterior  aspect,  viz.  the  occipital  and  the  poaterior 
auricular,  the  former  commencing  below  the  posterior  belly  of  the  digastric  and  the  latter 
above  it ;  one  from  its  inner  side,  viz.  the  ascending  pharyngeal,  which  rises  in  the 
carotid  triangle  ;  and  two  from  its  termination,  viz.  the  superficial  temporal  and  the 
internal  maxillary. 

Branches  of  the  External  Carotid  Artery. 

(1)  Superior  Thyroid  Artery  (a.  thyroidea  superior,  Figs.  622  and  624).— Thii 
vessel  springs  from  the  front  of  the  lower  part  of  the  external  carotid  artery,  juRl 
below  the  tip  of  the  great  cornu  of  the  hyoid  bone,  and  terminates  at  the  upper  ei 
tremity  of  the  lateral  lobe  of  the  thyroid  body  by  dividing  into  its  terminal  branches 

Course. — From  its  commencement  in  the  carotid  triangle  the  artery  runs  a 
first  forwards  and  a  little  upwards  ;  it  then  turns  downwards  to  its  termination. 

Relations. — Internally  it  is  in  relation  with  the  inferior  constrictor  muscle  and  th< 
external  laryngeal  branch  of  the  superior  laryngeal  nerve. 

Supei'ficicdly  it  is  covered  at  its  origin  by  the  anterior  border  of  the  stemo-mastoid 
afterwards,  for  a  short  distance,  by  fascia,  platysma,  and  skin,  and  in  the  lower  part  of  it 
extent  by  the  omo-hyoid,  the  sterno-hyoid,  and  the  steruo-thyroid  muscles,  and  it  is  ovei 
lapped  by  an  accompanying  vein. 

Branches. — (1)  In  the  carotid  triangle  (a)  an  infra-hyoid  branch  (ramus  hyoidem 
runs  along  the  lower  border  of  the  great  cornu  of  the  hyoid  bone,  under  cover  of  th 
thyro-liyoid  muscle,  to  auastomose  with  Its  fellow  of  the  opposite  side  and  with  the  supn 
hyoid  branch  of  the  lingual  artery.     It  supplies  the  thyrohyoid  muscle  and  membrane. 

{b)  A  laryngeal  branch  (a.  laryngea  superior)  runs  forwards  beneath  the  thyro-hjoi 
muscle.  It  pierces  the  thyro-hyoid  membrane  in  company  with  the  internal  lafjogei 
uerve,  suppliea   the   muscles,   ligaments,   and   mucous   membrane  of  the   laiynxi  an 
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anastomoses  with  its  fellow  of  the  opposite  side,  with  branches  of  the  crico-thyroid  artery, 
and  with  the  terminal  branches  of  the  inferior  thyroid  artery. 

(c)  The  stemo-mastoid  branch  (ramus  stemo^cleidomastoideus)  passes  downwards  and 
backwards  along  the  upper  border  of  the  anterior  belly  of  the  omohyoid  muscle,  and  across 
the  common  carotid  artery  to  the  under  surface  of  the  stemo-mastoid  muscle.  It  anasto- 
moses, in  the  stemo-mastoid,  with  branches  of  the  occipital  and  suprascapular  arteries. 

(2)  In  the  muscular  Untangle  (d)  a  crico-thyroid  branch  (ramus  crico-thyroideus)  runs 
forwards,  either  over  or  under  the  sterno-thyroid,  and  crosses  the  crico-thyroid  muscle  to 
anastomose  in  front  of  the  crico-thyroid  membrane  with  its  fellow  of  the  opposite  side,  and, 
by  branches  which  perforate  the  crico-thyroid  membrane,  with  laryngeal  branches  of  the 
superior  and  inferior  thyroid  arteries.  It  supplies  the  adjacent  muscles  and  membrane. 
;  (e)  The  terminal  branches  are  anterior  and  posterior  respectively. 

[  The  anterior  terminal  branch  (ramus  anterior),  often  much  larger  than  the  crico- 
j  thyroid  artery,  descends  along  the  anterior  border  of  the  lateral  lobe  of  the  thyroid  body, 
'  and,  extending  on  to  the  upper  border  of  the  thyroid  isthmus,  anastomoses  with  its  fellow 
of  the  opposite  side.  The  posterior  branch  (ramus  posterior)  descends  along  the  posterior 
border  of  the  lateral  lobe,  and  both  terminal  branches  supply  the  thyroid  body  (rami 
;  glandulares).  They  anastomose  with  each  other  and  with  branches  from  the  inferior 
■     thyroid  artery. 

f  (2)  Lingual  Artery. — The  lingual  artery  (a.  lingualis,  Figs.  622  and  624)  springs 
from  the  front  of  the  external  carotid,  opposite  the  tip  of  the  great  cornu  of  the 
hyoid  bone,  and  terminates,  as  the  ranine  artery,  beneath  the  tip  of  the  tongue, 
where  it  anastomoses  with  its  fellow  of  the  opposite  side. 

Course. — From  its  commencement,  and  whilst  in  the  carotid  triangle,  the  first 

part  of  the  artery  forms  a  loop  with  the  convexity  upwards.     A  second  part  passes 

forwards,  internal  to  the  hyo-glossus  muscle,  immediately  above  the  great  cornu  of 

the  hyoid  bone,  to  the  anterior  border  of  the  muscle,  where  it  gives  off  a  sublingual 

branch.     A  third  part  passes  obliquely  forwards  and  upwards  under  cover  of  the 

anterior  border  of  the  hyo-glossus,  and  a  fourth  part  runs  directly  forwards  on  the 

under  surface  of  the  tongue  to  the  tip.     The  third  and  fourth  parts  are  frequently 

described  together  as  the  ranine  artery  (a.  profunda  linguae). 

Relations. — The  first  part  of  the  lingual  artery  is  crossed  superficially  by  the  hypo- 
glossal nerve,  but  besides  this  it  is  only  covered  by  skin,  fascia,  and  the  platysma ;  it  rests 
internally  against  the  middle  constrictor  of  the  pharynx.  In  the  rest  of  its  course  the 
artery  is  for  the  most  part  more  deeply  placed.  The  second  part,  remaining  in  contact 
internally  with  the  middle  constrictor,  passes  internal  to  the  hyo-glossus  muscle,  by  which 
it  is  separated  from  the  hypoglossal  nerve,  the  ranine  vein,  and  the  lower  part  of  the  sub- 
maxillary gland.  The  third  part  ascends  almost  vertically,  parallel  with  and  under  the 
anterior  fibres  of  the  hyo-glossus,  which  is  here  covered  by  the  mylo-hyoid,  and  between  it 
and  the  genio-hyo-glossus.  The  fourth  part  runs  forwards  between  the  inferior  lingualis 
and  the  genio-hyo-glossus  muscles,  and  is  only  covered  on  its  lower  surface  by  the  mucous 
membrane  of  the  tongue.  Thus  the  lingual  artery  at  its  termination,  near  the  fraenum 
linguie,  is  again  comparatively  superficial. 

Branches. — (a)  The  supra-hyoid  (ramus  hyoideus),  a  small  branch  which  arises  in 
the  carotid  triangle  and  runs  along  the  upper  border  of  the  great  cornu  of  the  hyoid  bone. 
It  anastomoses  with  its  fellow  of  the  opposite  side  and  with  the  infra-hyoid  branch  of  the 
superior  thyroid  artery. 

(b)  The  dorsalis  linguae  (ramus  dorsalis  lingua))  is  a  branch  of  moderate  size  which 
arises  from  the  second  part  of  the  artery.  It  ascends  external  to  the  genio-hyo-glossus  to 
the  dorsum  of  the  tongue,  where  it  branches  and  anastomoses  with  its  fellow  of  the  opposite 
side  round  the  foramen  caxsum.  It  supplies  the  posterior  part  of  the  tongue  as  far  back 
as  the  epiglottis,  and  sends  branches  backwards  to  the  tonsil  which  anastomose  with  the 
tonsillar  branches  of  the  ascending  palatine  branch  of  the  facial  and  with  the  ascending 
phar^nigeal  artery. 

(c)  A  snblingual  branch  (a.  sublingualis)  arises  at  the  lower  part  of  the  anterior  border 
of  the  hyo-glossus  muscle  and  runs  forwards  and  upwards,  between  the  mylo-hyoid  and 
the  genio-hyo-glossus,  to  the  sublingual  gland,  which  it  supplies;  it  also  supplies  the  mylo- 
hyoid, the  genio-hyo-glossus,  and  the  genio-hyoid  muscles,  and  it  anastomoses  with  its 
fellow  of  the  opposite  side,  with  the  continuation  of  the  lingual  by  a  branch  which  it 
sends  along  the  frsenum  linguae,  and  through  the  mylohyoid  muscle  with  the  submental 
hm.nr!h  of  the  farJAl. 
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(3)  Facial  Artery. — The  facial  or  external  maxillary  artery  (a.  maxillam 
externa,  Fig.  622)  springs  from  the  front  of  the  external  carotid  immeiiately  above 
the  lingual,  and  terminates  at  the  side  of  the  nose,  where  it  divides  into  lateral 
nasal  and  angular  branches. 

Course. — It  commences  in  the  carotid  triangle  and  passes  upwards  internal  to 
the  posterior  belly  of  the  digastric  and  the  stylo-hyoid  muscles.  It  turns  over  the 
upper  border  of  the  digastric,  and  runs  forwards  and  downwards  in  a  groove  in  the 
submaxillary  gland  to  the  anterior  border  of  the  lower  margin  of  the  ramus  of  the 
mandible,  then  it  turns  round  the  lower  border  of  the  body  of  the  mandible,  and  is 
continued  upwards  and  inwards,  in  the  face,  to  its  termination. 

Relations. — In  the  carotid  triangle  the  artery  is  comparatively  superficial,  except 
just  at  its  origin,  which  is  beneath  the  anterior  fibres  of  the  stemo-niastoid  muscle.  Its 
deep  surface  rests  on  the  middle  and  superior  constrictor  muscles  which  separate  it  from 
the  lower  part  of  the  tonsil.  As  it  passes  into  the  submaxillary  triangle  it  is  crossed  by 
the  stylo-hyoid  muscle  and  by  the  posterior  belly  of  the  digastric.  In  the  submaxillarr 
triangle  it  is  embedded  in  a  groove  in  the  posterior  part  of  the  submaxillary  gland,  and  it  is 
separated  by  the  gland  from  the  more  superficially  situated  facial  vein.  In  the  upper  part 
of  the  submaxillary  region  the  artery  is  just  under  cover  of  the  ramus  of  the  lower  jaw. 

Turning  round  the  lower  border  of  the  body  of  the  jaw,  which  it  grooves  slightly,  the 
artery  becomes  more  superficial  than  in  any  other  part  of  its  course,  being  covered  only  by 
platysma,  fascia,  and  skin.  At  this  point  the  facial  vein  is  close  behind  the  artery,  and 
lies  on  the  surface  of  the  masseter.  On  the  face  the  artery  lies  between  the  platysnu, 
the  risorius,  the  zygomaticus  major,  and  the  levator  labii  superioris,  which,  with  skin 
and  fascia,  are  superficial  to  it,  and  the  buccinator  and  levator  anguli  oris,  which  are 
deeper.  The  termination  of  the  artery  is  in  the  substance  of  the  levator  labii  superioris 
et  alse  nasi. 

The  facial  vein,  though  still  posterior  to  the  artery  in  the  face,  runs  a  somewhat 
straighter  course,  and  is  situated  at  some  little  distance  from  it. 

Branches. — Four  named  branches  are  given  oft'  in  the  neck,  and  seven  in  the  face. 

In  the  Neck. — (a)  The  ascending  palatine  (a.  palatina  ascendens.  Fig.  624)  is  a  amall 
artery  which  arises  from  the  facial  as  it  enters  the  submaxillary  triangle.  It  asoeods 
internal  to  the  internal  pterygoid  and  upon  the  superior  constrictor,  and,  passing  between 
the  stylo-glo88U8  and  the  stylo-pharyngeus  muscles,  reaches  the  apex  of  the  petrous  p(»tioD 
of  the  temporal  bone,  where  it  turns  downwards  accompanying  the  levator  palati  nnucle, 
pierces  the  pharyngeal  aponeurosis,  and  enters  the  soft  palate. 

It  supplies  the  lateral  wall  of  the  upper  part  of  the  pharynx,  the  soft  palate,  the 
tonsils,  and  the  Eustachian  tube,  and  it  anastomoses  with  the  tonsillar  branch  of  the  facial, 
the  dorsalis  lingua),  the  posterior  palatine  branch  of  the  internal  maxillary,  and  with  the 
ascending  pharyngeal  artery  which  sometimes  replaces  it. 

(6)  The  tonsillar  (ramus  tonsillaris),  a  small  artery  which  arises  close  to  the  ascending 
palatine.  It  passes  upwards  between  the  internal  pterygoid  and  the  stylo-glossus,  fHertes 
the  superior  constrictor,  and  terminates  in  the  tonsil.  It  supplies  the  middle  and  superior 
constrictor  muscles,  and  it  anastomoses  with  the  dorsalis  lingusB,  with  the  ascending 
palatine  branch,  and  with  the  ascending  pharyngeal  artery. 

(c)  The  submaxillary  or  glandular  branch  is  frequently  represented  by  two  or  three 
small  twigs  (rami  glandulares)  which  pass  directly  from  the  facial  trunk  into  the  substaiioe 
of  the  submaxillary  gland. 

{d)  The  submental  branch  (a.  submentalis)  arises  from  the  facial  just  as  the  latter 
vessel  turns  round  the  inferior  border  of  the  body  of  the  jaw.  It  is  the  largest  branch 
given  oft*  in  the  neck,  and  it  runs  forwards,  on  the  outer  surface  of  the  mylo-hyoid  moficle^ 
and  internal  to  the  upper  part  of  the  submaxillary  gland,  to  the  symphysis  menti,  where 
it  turns  upwards  round  the  margin  of  the  jaw,  and  terminates  by  anastomosing  with 
branches  of  the  mental  and  inferior  labial  arteries.  In  the  neck  the  submental  arteiy 
supplies  the  mylo-hyoid  muscle,  and  the  submaxillary  and  sublingual  glands,  the  latter 
by  a  branch  which  perforates  the  mylo-hyoid  muscle.  It  anastomoses  with  the  mylo* 
hyoid  branch  of  the  inferior  dental  and  with  the  sublingual  artery.  In  the  face  it 
supplies  the  structures  of  the  lower  lip,  and  anastomoses  with  the  mental  branch  of 
the  inferior  dental,  and  with  the  inferior  labial  and  inferior  coronary  branchea  of  the 
facial  artery. 

In  the  Face. — {e)  The  inferior  labial  branch  (a.  labialis  inferior)  arises  from 
the  front  of  the  facial  artery  immediately  above  the  lower  border  of  the  mandible. 
It  runs  forwards  beneath  the  depressor  muscles  of  the  angle  of  the  mouth  and  th» 
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lower  lip,  supplying  the  skin,  muscles,  and  mucous  membrane,  and  anastomoses  with  the 
mental  branch  of  the  inferior  dental,  with  the  inferior  coronary,  with  the  submental,  and 
with  its  fellow  of  the  opposite  side. 

(/)  The  inferior  coronary  springs  from  the  front  of  the  facial  artery,  either 
together  with  or  directly  above  the  inferior  labial  branch.  It  runs  forwards  beneath  the 
depressor  anguli  oris,  and  between  the  fibres  of  the  orbicularis  oris  and  the  mucous 
membrane  of  the  lip.  It  supplies  the  adjacent  parts,  and  anastomoses  with  its  fellow  of 
tphe  opposite  side,  and  with  the  mental,  inferior  labial,  and  submental  arteries. 

(<7)  The  superior  coronary  (a.  labialis  superior)  springs  from  the  front  of  the  facial 
beneath  the  zygomaticus  major,  and  runs  forwards  and  inwards  between  the  orbicularis 
oris  and  the  mucous  membrane  of  the  -upper  lip  to  the  middle  line.  It  supplies 
the  skin,  muscles,  and  mucous  membrane  of  the  upper  lip,  and  by  a  septal  branch  the 
lower  and  front  part  of  the  septum  of  the  nose.  It  anastomoses  with  its  fellow^  of  the 
opposite  side,  with  the  lateral  nasal,  and,  on  the  septum  nasi,  with  the  naso-palatine 
branch  of  the  spheno-palatine  artery. 

(A)  The  masseteric  branch,  sometimes  represented  by  several  twigs,  arises  from  the 
posterior  aspect  of  the  facial  trunk  a  short  distance  above  the  lower  margin  of  the  jaw.  It 
passes  upwards  and  backwards  across  the  masseter,  and  anastomoses  with  the  transverse 
facial  artery. 

(f )  The  buccal  is  an  inconstant  branch  which,  when  present,  arises  from  the  back  of 
the  facial  artery  above  the  masseteric  branch,  and  runs  upwards  and  backwards,  across  the 
buccinator  muscle,  to  anastomose  with  the  buccal  branch  of  the  internal  maxillary  artery. 

(k)  The  lateral  nasal,  one  of  the  terminal  branches  of  the  facial  artery,  is  usually 
imall.  It  ramifies  on  the  ala  of  the  nose,  supplying  the  skin,  muscles,  and  lower 
ateral  cartilages,  and  anastomosing  with  the  angular  branch,  with  the  nasal  branch  of  the 
>phthalmic,  and  with  branches  of  the  spheno-palatine  artery. 

(/)  The  angular  (a.  angularis),  the  other  terminal  branch  of  the  facial,  continues 
phe  direction  of  the  main  trunk  along  the  side  of  the  nose  to  the  inner  angle  of  the 
>rbit.  It  supplies  the  skin  and  muscles  of  the  side  of  the  nose,  and  anastomoses  with  the 
ateral  nasal,  and  with  the  nasal  and  palpebral  branches  of  the  ophthalmic  artery. 

(4)  Occipital  Artery  (a.  occipitalis,  Figs.  622,  623,  and  650). — This  vessel  arises 
rroin  the  back  of  the  external  carotid  artery,  below  the  posterior  belly  of  the 
ligastric  muscle,  and  terminates  near  the  inner  end  of  the  superior  curved  line 
3f  the  occipital  bone  by  dividing  into  internal  and  external  terminal  branches. 

Course. — It  commences  in  the  carotid  triangle  and  runs  upwards  and  back- 
wards, parallel  with  and  under  cover  of  the  posterior  belly  of  the  digastric,  to  the 
interval  between  the  transverse  process  of  the  atlas  and  the  base  of  the  skull,  where 
it  turns  backwards  in  a  groove  on  the  under  surface  of  the  mastoid  portion  of  the 
temporal  bone;  as  it  leaves  the  groove  it  alters  its  direction  and  runs  upwards 
and  inwards  on  the  superior  oblique  muscle  to  the  junction  of  the  inner  and 
middle  thirds  of  the  superior  curved  line  of  the  occipital  bone,  where  it  enters  the 
superficial  fascia  of  the  scalp. 

Relations. — In  the  first  or  ascending  part  of  its  course  the  occipital  artery  crosses 
successively  the  internal  carotid  artery,  the  hypoglossal  nerve,  the  vagus  nerve,  the  internal 
jugular  vein,  and  the  spinal  accessory  nerve ;  it  is  covered  by  the  lower  fibres  of  the 
posterior  belly  of  the  digastric  and  the  anterior  part  of  the  stemo-mastoid  muscle,  and, 
close  to  its  origin,  it  is  crossed  by  the  hypoglossal  nerve.  In  the  second,  or  more 
horizontal  part  of  its  course,  it  is  still  under  cover  of  the  sterno-mastoid  and  digastric, 
and  lies  internally  against  the  rectus  capitis  lateralis,  which  separates  it  from  the 
vertebral  artery.  In  the  third  part  of  its  course  it  rests  upon  the  superior  oblique 
and  complexus,  and  is  under  cover  of  the  sterno-mastoid,  the  splenius  capitis,  and  the 
trachelo-mastoid  muscles.  At  its  termination  it  is  crossed  by  the  great  occipital  nerve ; 
it  passes  either  thraugh  the  trapezius  or  between  the  trapezius  and  the  sterno-mastoid, 
and  pierces  the  deep  fascia  of  the  neck  before  it  enters  the  superficial  fascia  of  the  scalp. 

Branches. — {a)  Muscular  branches  (rami  nmsculares)  go  to  the  surrounding  muscles. 
The  stefno-mastoid  branch  (a.  stemocleido-mastoidea)  is  the  most  important  of  this  group ; 
it  springs  from  the  commencement  of  the  occipital,  is  looped  downwards  across  the  hypo- 
glossal nerve,  and  is  continued  downwards  and  backwards,  below  and  in  front  of  the 
spinal  accessory  nerve,  into  the  sterno-mastoid  muscle  where  it  anastomoses  with  the 
stemo-mastoid  branch  of  the  superior  thyroid  artery. 

(6)  The  meningeal  are  irregular  branches  (rami  meningei)  given  off  from  the  occipital 
55  c 
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behind  the  matstoid  process.  They  enter  the  posterior  fossa  of  the  skull  through  the  anterior 
condyloid  foramen,  or  through  the  foramen  lacerum  posterius ;  they  supply  the  upper  pan 
of  the  internal  jugular  vein,  the  lateral  sinus,  and  the  dura  mater  in  the  posterior  fossa  ol 
the  skull,  and  they  anastomose  with  the  middle  meningeal  and  with  meningeal  bnmches 
of  the  ascending  pharyngeal  artery. 

(c)  The  mastoid,  a  small  and  irregular  branch  (ramus  mastoidcus)  given  off  from  the 
occipital  behind  the  mastoid  process.  It  enters  the  posterior  fossa  of  the  skull  through 
the  mastoid  foramen,  su]>plies  the  dura  mater,  and  anastomoses  with  branches  of  the 
middle  meningeal  artery. 

(d)  Tlie  princeps  cerTicis  (ramus  descendens)  is  a  large  branch  given  off  from  the 
occipital  upon  the  surface  of  the  superior  oblique.  It  passes  inwards  to  the  outer  border 
of  the  complexus,  where  it  divides  into  superficial  and  deep  branches.  The  8ui)erfici«I 
branch  runs  over  the  complex  us,  between  it  and  the  trapezius,  and  anastomoses  with  the 
superficial  cervical  artery.  The  deep  branch  runs  between  the  complexus  and  the  under- 
lying semispinalis  colli,  and  anastomoses  with  branches  of  the  vertebral  and  profunda 
cervicis  arteries. 

(e)  The  auricular  (ramus  auricularis)  is  an  inconstant  branch  which,  as  a  rule,  is 
only  given  off  from  the  occipital  when  the  posterior  auricular  artery  is  absent,  it 
ramifies  over  the  mastoid  process,  and  supplies  the  inner  surface  of  the  pinna. 

(/)  The  terminal  branches  (rami  occipitales)  are  internal  and  external.  They  ramify 
in  the  superficial  fascia  of  the  posterior  part  of  the  scalp,  anastomosing  with  the  posterior 
auricular  and  superficial  temporal  arteries.  They  are  both  accompanied  by  branches  of 
the  great  occipitiil  nerve,  and  the  internal  branch  gives  oft'  a  parietal  twig,  which  passes 
into  the  skull  through  the  i)arietal  foramen  to  supply  the  walls  of  the  superior  longitudinal 
sinus,  and  to  anastomose  with  the  middle  meningeal  artery. 

(5)  Posterior  Auricular  Artery  (a.  auricularis  posterior,  Figs.  622,  623).— The 
posterior  auricular  artery  8j)riugs  from  the  back  of  the  external  carotid,  im- 
mediately above  the  posterior  belly  of  the  digastric  muscle,  and  terminates  between 
the  mastoid  process  and  the  back  of  the  x)iiiii«'^  by  dividing  into  mastoid  and 
auricular  branches. 

Course  and  Relations. — Commencing  in  the  posterior  part  of  the  submaxil- 
lary triangle,  it  runs  upwards  and  backwards,  under  cover  of  the  posterior  pert  of 
the  parotid  gland,  to  the  interval  between  the  mastoid  process  and  the  external 
auditory  meatus.  It  is  accompanied  in  the  terminal  part  of  its  course  by  the 
posterior  auricular  branch  of  the  facial  nerve. 

Branches. — (a)  Muscular  branches  are  given  to  the  stemo-mastoid,  the  digastric, 
and  the  styloid  group  of  muscles. 

(b)  Parotid  branches  pass  to  the  lower  and  posterior  part  of  the  parotid  gland. 

(c)  A  stylo-mastoid  branch  (a.  stylomastoidea)  is  given  off  at  the  lower  border  of  the 
external  auditory  meatus.  It  runs  upwards  by  the  side  of  the  facial  nerve,  euten  the 
stylo-mastoid  foramen,  and  ascends,  in  the  aqueduct  of  Fallopius,  to  the  upper  part  of  the 
iiuier  wall  of  the  tympanum  where  it  terminates  by  anastomosing  with  the  petrosal 
branch  of  the  middle  meningeal  artery.  It  supplies  branches  to  the  external  auditory 
meatus,  the  mastoid  cells,  the  vestibule,  and  semicircular  canals,  the  stapedius  muscle,  and 
the  tympanic  cavity  (a.  tympanica  posterior).  One  of  the  latter  branches,  anastomosmg 
with  the  tympanic  branch  of  the  intcnial  maxillary,  forms,  in  young  subjects,  a  vascular 
circle  round  the  membrana  tympani ;  other  branches  anastomose  with  tympanic  branches 
from  the  internal  carotid  and  the  ascending  pharyngeal  arteries,  and  with  the  auditory 
branch  of  the  basilar. 

(d)  The  auricular,  or  anterior  terminal  branch  (ramus  auricularis),  ascends  beneath 
the  retrahens  aurem  muscle.  It  gives  branches  to  the  scalp  in  the  posterior  part  of  the 
temporal  region,  which  anastomose  with  the  superficial  temporal  and  occipital  arteries, 
and  to  the  pinna.  The  latter  branches  supply  both  surfaces  of  the  pinna,  piercing  or 
turning  round  the  margins  of  the  cartilage  to  gain  the  outer  surface,  and  they  anasto- 
mose with  the  auricular  branches  of  the  superficial  temporal  artery. 

(e)  The  mastoid,  or  posterior  terminal  branch  (ramus  occipitalis),  runs  upwards  and 
backwards  along  the  insertion  of  the  stemo-mastoid  muscle.  It  supplies  the  stemo- 
mastoid,  the  occi [li to  -  frontalis,  and  the  skin,  and  it  anastomoses  with  the  occipital 
artery. 

(6)  Ascending  Pharyngeal  Artery  (a.  pharyngea  ascendens,  Fig.  624).— Thi? 
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krisee  from  the  inner  surface  of  the  lower  part  of  the  external  carotid,  and  terminates 
Q  the  wall  of  the  pharynx  and  in  the  soft  palate. 

Course. — Commencing  in  the  carotid  triangle,  usually  as  the  first  or  second 
»ranch  of  the  external  carotid,  it  ascends  on  the  wall  of  the  pharynx  to  the  apex 
f  the  petrous  portion  of  the  temporal  bone. 

Relations. — Internally  it  is  in  relation  with  the  constrictor  muscles  of  the  pharynx, 
tehind  it  are  the  transverse  processes  of  the  cervical  vertebra?,  the  sympathetic  cord, 
nd  the  rectus  capitis  anticus  major.  Externally  it  is  in  relation  with  the  internal 
arotid  artery,  and  it  is  crossed  by  the  stylo-pharyngeus  muscle,  the  glosso-pharyngeal 
erve,  and  the  pharyngeal  branch  of  the  vagus. 

Branches. — The  branches  of  this  artery  are  very  irregular  and  inconstiiut,  but  the 
illowing  have  received  names  : — 

(a)  Pharyngeal  Branches  (rami  pharyngei). — Small  twigs  which  ramify  on  the  walls 
the  pharynx  and  supply  the  middle  and  superior  constrictor  muscles,  the  tonsil,  and 

e  lower  part  of  the  Eustachian  tube.     They  anastomose  with  branches  of  the  superior 
yroid,  lingual,  and  facial  arteries. 

(b)  Prevertebral. — Small  branches  distributed  to  the  prevertebral  muscles  and  fascia, 
e  deep  cervical  glands,  and  the  large  nerve  trunks.  They  anastomose  with  the  ascending 
rvical  and  vertebral  arteries. 

(c)  Meningeal  (a.  meningea  posterior),  one  or  more  small  branches  which  enter  the 
inium  by  the  anterior  condyloid,  the  posterior  lacerate,  or  the  middle  lacerate  foramen, 
d  supply  the  dura  mater.  They  anastomose  with  branches  of  the  middle  meningeal  and 
rtebral  arteries. 

{d)  Tjonpanic  (a.  tympanica  inferior),  a  small  artery  which  accompanies  the  tympanic 
anch  of  the  glosso-pharyngeal  nerve  to  the  tympanic  cavity,  where  it  anastomoses  with 
e  other  tympanic  arteries. 

(e)  Palatine. — A  very  variable  artery  which  sometimes  replaces  the  ascending  palatine 
anch  of  the  facial  artery.  When  present  it  springs  from  the  upper  part  of  the  ascend- 
g  pharyngeal  artery,  pierces  the  pharyngeal  aponeurosis  above  the  upper  border  of 
lO  superior  constrictor  muscle,  and  descends  into  the  soft  palate  with  the  levator  palati 
uscle.  It  supplies  the  mucous  membrane  of  the  supero-lateral  part  of  the  pharyngeal 
all  and  the  tissues  of  the  soft  palate,  and  it  anastomoses  with  the  palatine  branches  of 
le  internal  maxillary,  the  facial,  and  the  lingual  arteries 

(7)  Superficial  Temporal  Artery  (a.  temporalis  superticialis,  Fig.  622). — This 
rtery,  one  of  the  terminal  brandies  of  the  external  carotid,  commences  in  the 
pper  part  of  the  parotid  gland,  behind  the  neck  of  the  mandible,  and  terminates 
I  the  scalp,  from  one  to  two  inches  (25  to  50  mm.)  above  the  zygoma,  by  dividing 
ito  an  anterior  and  a  posterior  terminal  branch. 

Coiirse. — The  artery  ascends  over  the  posterior  root  of  the  zygoma,  and  passes 
ito  the  superficial  fascia  of  the  temporal  region.  It  is  accompanied  by  the 
uriculo-temporal  nerve  and  by  the  superficial  temporal  vein  which  usually  lies 
osterior  to  it.  As  it  crosses  the  zygoma  it  lies  immediately  beneath  the  ?kin,  and 
i  may  be  easily  compressed  against  the  subjacent  bone. 

Branches. — (a)  Parotid,  small  branches  (rami  parotidei)  to  the  upper  part  of  the 
sirotid  gland 

(6)  Artictdar,  to  the  temporo-mandibular  articulation. 

(c)  Anricalar. — Small  branches  (rami  auriculares  anteriores)  to  the  outer  surface  of 
18  pinna  and  to  the  external  auditory  meatus.  They  anastomose  on  the  surface  of  the 
inna  with  bninches  of  the  ]X)sterior  auricular  artery,  and  in  the  external  meatus  with 
ranches  of  the  internal  maxillary  artery. 

(<()  Transverse  Facial  (a.  transversa  faciei). — A  branch  of  mwlerate  size  which  rises  in 
le  substance  of  the  parotid  gland.  It  emerges  from  the  upper  part  of  the  anterior 
order  of  the  gland,  runs  forwards  across  the  massetcr,  below  the  zygoma  and  above 
teiison's  duct,  accompanied  by  the  infni-orbital  branches  of  the  facial  nerve  which  may 
e  either  alx)ve  or  below  it.  It  is  distributed  to  the  parotid  gland,  the  massetcr,  Stcnson's 
uct,  and  the  skin,  and  it  terminates  in  branches  which  anastomose  with  the  infra  orbital 
nd  buccid  branches  of  the  internal  maxillary  artery,  and  with  the  buccal  and  masseteric 
ranches  of  the  facial  artery. 

(e)  Middle  Temporal  (a.  temix)ralis  media). — A  branch  which  usually  springs  from  the 
iiperficial  temporal  in  the  parotid  gland.     It  crosses  the  zygoma,  pierces  the  tem^owi 
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fiisciii  and  the  temporal  uiiiiscle,  and  terminates  in  the  temporal  fossa  by  auastonKMlog 
with  the  deep  temporal  hninches  of  the  internal  maxillary  artery. 

(/')  Orbital  (a.  zy^rumatico-cn-hitalis).  —  This  branch  may  spring  directly  fmin  the 
superficial  temporal,  luit  it  i.s  frequently  a  branch  of  the  middle  temporal.  It  nnw 
forwards  above  the  zy*j:oma  between  the  two  layers  of  the  temporal  fascia.  It  supplies 
branches  to  the  orbicularis  palebrarum,  and  anastomoses,  thronjrh  the  malar  lione  iiiid 
round  the  outer  margin  of  the  orbit,  with  the  hichrynial  and  pid|)ebral  bnuichcs  of  the 
oj»hthahuic  artery. 

(//)  The  anterior  terminal  branch  (nmuis  frontalis)  runs  forwards  and  upwanls,  iu  a 
tortuous  course,  through  the  superficial  fascia  of  the  scalp  towards  the  frontal  eniiiieiu'e, 
lying  at  first  upon  the  temporal  fascia,  and  then  npon  the  epicranial  a^xmeurosis.  It 
supplies  the  frontalis  and  the  orbicularis  palpebrarum,  and  anastomoses  with  the  lachryiwl 
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Ki'i.  62:j.— Thk  Extkunai.  Cakotu),  Intkunal  Ma\u.lary,  and  Meningeal  Akteriss. 

and  supraorl)ital  l)ranclies  of  the  ophthalmic  artery,  with  the  ])Osterior  terminal  branch  of 
the  sui)erticial  temporal,  and  with  its  fellow  of  the  opi>osite  side. 

(//)  The  posterior  terminal  branch  (ramus  {Kirietalis),  less  tortuous  than  the  uiitcrior, 
runs  upwards  and  backwards  in  the  superficial  fascia  of  the  scalp.  It  anastomoses, 
anteriorly,  with  the  anterior  terminal  branch,  posteriorly  with  the  posterior  auricular 
and  (K'cipital  arteries,  atid,  across  the  middle  line,  with  its  fellow  of  the  opposite  side.  It 
supplies  the  skin  and  fascia,  and  the  attrahens  and  attollens  aiirem  muscles. 

(8)  Internal  Maxillary  Artery  (a.  niaxillaris  interna). — The  internal  luaxillin* 
artery  c»)nnnencos  in  the  jxirotid  gland  l)ehind  the  ueck  of  the  lower  jaw,  ami 
tonni nates  in  the  spheno-maxillary  fossa. 

Course  and  Relations. — Although  the  internal  maxillary  artery  is  only  a 
short  trunk  it  has  many  iiniK)rtant  relations,  in  the  c-onHideration  of  wliich  it  is 
eonvenient  t;)  arbitrarily  divide  the  vessel  into  three  parts.  The  flirt  part  extends 
frtmi  the  Iwick  of  the  neck  of  the  mandible  forwards  into  the  zygomatic  fossa  as 
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5  the  lower  border  of  the  external  pterygoid  muscle.  It  hes  betwedn  the 
o-mandibular  ligament  and  the  neck  of  the  jaw,  along  with  the  auiiculo- 
^ral  nerve  and  the  internal  maxillary  vein.  The  second  part  is  in  the  zygo- 
fossa,  and  ascends  upwards  and  forwards.  It  may  lie  superficial  to,  or  under 
of,  the  lower  head  of  the  external  pterygoid  muscle.  In  the  former  case  it 
lated  between  the  temporal  and  external  pterygoid  muscles,  and  in  the  latter 
en  the  external  pterygoid  muscle  and  the  branches  of  the  third  division  of 
fth  nerve.  The  third  part  passes  between  the  upper  and  the  lower  heads 
)  external  pterygoid,  through  the  pterygo-maxillary  fissure  and  into  the 
o-maxillary  fossa. 

'anches. — From  the  first  part. — (a)  Deep  anricular  (a.  auricularis  profunda),  a 
branch  which  rises  in  the  parotid  gland  and  passes  upwards  to  enter  the  external 
ry  meatus.  It  supplies  the  temporo-mandibular  joint,  the  parotid  gland,  and  the 
al  meatus,  and  anastomoses  with  branches  of  the  superficial  temporal  and  posterior 
lar  arteries 

The  tympanic  (a.  tympanica  anterior),  a  variable  and  small  branch  which  com- 
3  in  the  parotid  gland.  It  rims  upwards  and  backwards,  traverses  the  Glasserian 
,  and  enters  the  tympanum  through  its  outer  wall.  In  the  tympanic  cavity  it 
moses  with  tympanic  branches  from  the  internal  carotid  and  the  ascending 
igeal  arteries,  and  with  the  stylo-mastoid  branch  of  the  posterior  auricular,  forming 
be  latter,  in  young  subjects,  a  circular  anastomosis  round  the  tympanic  membrane. 

Middle  Meningeal  (a.  meningea  media). — The  largest  branch  of  the  internal 
airy.  It  ascends  between  the  external  pterygoid  muscle  and  the  spheno-mandibular 
nt,  and  passes  between  the  two  roots  of  the  auriculo-temporal  nerve  and  through 
"amen  spinosum,  to  enter  the  middle  fossa  of  the  cranial  cavity.  Before  it  enters 
LuU  it  lies  behind  the  third  division  of  the  fifth  nerve,  and  is  accompanied  by 
use  comites  which  also  pass  through  the  foramen  spinosum.  In  the  middle  cranial 
t  passes  forward,  and  upwards  for  a  short  distance,  in  a  groove  on  the  great  wing  of 
henoid,  between  the  dura  mater' and  the  bone,  and  divides  into  anterior  and 
or  terminal  branches. 

UicheB.— (i.)  Petrosal  ^ramus  petrosus  superficialis). — ^A  small  branch  which  arises  from  the 

meningeal  soon  after  it  enters  the  cranium.  It  passes  through  the  hiatus  Fallopii  and 
uoees  with  the  stylo-mastoid  branch  of  the  posterior  auricular  artery ;  it  also  senos  some 
)ranche8  into  the  tympanic  cavity 

Gasserian.— Minute  branches  which  supply  the  Qasserian  ganglion  and  the  roots  of  the 
anial  nerve. 

)  Tympanic  (a.  tympanica  superior). — A  small  twig  which  reaches  the  tympanic  cavity 
h  the  canal  for  the  tensor  tympani  muscle,  or  through  the  petro-squamous  suture. 
)  Orbital. — An  anastomosing  branch  which  occasionally  arises  from  the  anterior  terminal 
.     1 1  passes  through  the  foramen  lacerum  anterius  into  the  orbit,  and  anastomoses  with  the 
nal  artery. 

Anterior  terminal,  the  larger  of  the  two  terminal  branches,  passes  upwards  along  the 
ring  of  the  sphenoid  to  the  antero-inferior  angle  of  the  parietal  bone,  where  it  is  sometimes 
d  in  a  distinct  bony  canal ;  it  is  continued  upwards  a  short  distance  behind  the  anterior 
of  the  parietal  bone  almost  to  the  vertex  of  the  skull,  sending  branches  forwards  into  the 
r,  and  oackwards  towards  the  posterior  cranial  fossa. 

)  The  posterior  terminal  brancn  passes  backwards  from  the  great  wing  of  the  sphenoid  to 
lamous  part  of  the  temporal  bone,  beyond  which  it  ascends  to  the  middle  of  the  inner 

of  the  parietal  bone.  It  sends  branches  upwards  to  the  vertex,  and  backwards  towards 
iterior  cranial  fossa. 

means  of  its  various  branches  the  middle  meningeal  artery  anastomoses  with  its  fellow  of 
X)flite  side,  with  meningeal  branches  from  the  occipital,  ascending  pharyngeal,  ophthalmic, 
hrymal  arteries ;  also  with  the  stylo-mastoid  branch  of  the  posterior  auricular,  the  small 
[eal  artery,  with  the  deep  temporal  arteries  through  the  substance  of  the  temporal  bone, 
th  its  fellow  of  the  opposite  side. 

A  small  meningeal  branch  (ramus  meningeus  accessorius)  may  arise  either 
y  from  the  first  part  of  the  internal  maxillary  or  from  its  middle  meningeal  branch, 
ies  upwards,  on  the  inner  side  of  the  external  pterygoid  muscle,  enters  the  middle 
)f  the  skull  througli  the  foramen  ovale,  supplies  the  Gasserian  ganglion  and  the 
later,  and  terminates  hy  anastomosing  with  branches  of  the  middle  meningeal  and 
il  carotid  arteries. 

The  inferior  dental  (a.  alveolaris   inferior)  is  a  branch   of  moderate   size  which 

downwards  between  the    spheno-mandibular  ligament   and  the  mandible    to  the 

bular  foramen.     It  is  accompanied  by  the  inferior  dental  nerve  which  liea  vu  itorcA*. 
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After  entering  the  foramen  it  descends  in  the  mandibular  canal,  and  terminates  at  the 
mental  foramen  })y  dividing  into  mental  and  incisive  branches. 

Branches. — Before  it  enters  the  mandibular  foramen  it  gives  off  two  branches. 

(L)  The  lingual)  a  small  twig  to  the  buccal  mucous  membrane  which  accompanies  the  lingual 
nerve,  (ii.)  The  mylo-hyoid  (ramus  mylohoideus),  a  small  branch  which  is  given  off  immediatdT 
above  the  mandibular  foramen.  It  pierces  the  spheno-mandibular  licament,  and  descends  in  im 
mylo-hyoid  groove,  in  company  with  the  mylo-nyoid  nerve,  to  the  floor  of  the  mouth,  whew  it 
anastomoses,  on  the  superficial  surface  of  the  mylo-hyoid  nmscle,  with  the  submental  bnnch  of 
the  facial  artery. 

In  the  mandibular  canal  the  following  branches  are  given  off : — 

(i.)  Molar  branches  to  the  molar  teeth,  (ii.)  Bicuspid  branches  to  the  bicuspid  teeth,  (iii)  Tltt 
incisive  terminal  branch,  which  supplies  the  incisor  teeth  and  anastomoses  with  its  fellow  of  Ae 
opposite  side,  (iv.)  The  mental  terminal  branch  (a.  mentalis),  which  passes  through  the  mental 
foramen,  emergen  beneath  the  depressor  labii  inferioris,  and  anastomoses  with  its  fellow  of  the 
opposite  side,  with  the  inferior  coronary,  the  inferior  labial,  and  with  the  submental  artehea 

From  tht  second  j^i^'t- — («)  The  maaseteric  (a.  masseterica),  a  small  branch  which 
passes  directly  outwards,  through  the  sigmoid  notch,  to  the  deep  surface  of  the  mas^ieler 
muscle.  It  anastomoses  in  the  substance  of  the  muscle  with  branches  of  the  transverse 
facial  and  with  the  masseteric  branches  of  the  facial  artery. 

(b)  Deep  TemporaL — Two  in  number,  anterior  (a.  temporalis  profunda  anterior) 
and  posterior  (a.  temporalis  profunda  posterior).  They  ascend  between  the  tenipowl 
muscle  and  the  squamous  portion  of  the  temporal  bone,  supplying  the  muscle  aud 
anastomosing  with  the  temporal  and  lachrymal  arteries,  and,  through  the  substance  of 
the  temporal  bone,  with  the  middle  meningeal  artery. 

(c)  Small  pterygoid  branches  (rami  pterygoidei)  supply  the  internal  and  exterual 
pterygoid  muscles. 

((/)  Tlie  buccal  (a.  buccinatoria),  a  long,  slender  branch  which  passes  obliquely  forwardf 
and  downwards  with  the  long  buccal  nerve.  It  supplies  the  buccinator  muscle,  the  skin 
aud  mucous  membrane  of  the  cheek,  and  anastomoses  with  the  buccal  branch  of  the 
facial  artery. 

From  the  third paH.—{a)  A  posterior  superior  dental  branch  (a.  alveolaris  superior 
posterior)  descends  in  the  zygomatic  fossa,  on  the  posterior  surface  of  the  8U{»erior 
maxilla,  and  ends  in  branches  which  supply  the  molar  and  bicuspid  teeth  and  the  mucoui 
membrane  of  the  antrum,  they  also  give  twigs  to  the  gums  and  to  the  buccinator  miucle. 

{b)  An  infra-orbital  branch  (a.  infra-orbitalis)  commences  in  the  spheno-maxillaiy  fosM. 
It  enters  the  orbit  through  the  spheno-maxillary  fissure,  and  runs  forwards  in  the  infra- 
orbital groove  and  canal  to  the  infra-orbital  foramen,  through  which  it  passes  to  emerge  oo 
the  face  beneath  the  levator  labii  superioiis.  Whilst  in  the  infra-orbital  groove  it  gives 
branches  to  the  inferior  rectus,  the  inferior  oblique  and  tlie  lachrymal  gland.  In  the  iufrt- 
orbital  canal  it  gives  small  twigs  to  the  incisor  and  canine  teeth  (aa.  alveolares  superiores 
anteriores)  and  to  the  antrum.  In  the  face  it  sends  branches  upwards  to  the  lower 
eyelid,  to  the  lachrymal  sac,  and  to  the  nasal  process  of  the  superior  maxilla,  which 
anastomose  with  branches  of  the  ophthalmic  and  facial  arteries  ;  other  branches  run 
downwards  to  the  upper  lip,  where  they  anastomose  with  the  superior  coronary  artery ; 
lastly,  some  branches  run  outwards  hito  the  cheek  to  unite  with  the  transverse  facial  and 
the  buccal  arteries. 

(c)  The  posterior  or  descending  palatine  (a.  palatina  descendens)  runs  downwards 
tlirough  the  spheno-maxillary  fossa,  passes  through  the  posterior  palatine  canal,  and  reaches 
the  mucous  membrane  of  the  roof  of  the  mouth,  where  it  runs  forwards,  internal  to  the 
alveolar  process,  to  terminate  in  a  small  branch  whicli  ascends  through  the  anteri(ff 
palatine  fossa  and  Stensen's  canal  and  anastomoses  with  the  spheno-palatine  branch  of 
the  internal  maxillary  artery.  As  it  descends  it  gives  off  several  small  twigs  which  pus 
through  the  accessory  palatine  canals  to  supply  the  soft  palate,  and  to  anastomose  with 
the  ascending  palatine  and  tonsillar  branches  of  the  facial  and  with  the  ascending 
pharyngeal  artery.  In  its  course  forwards  in  the  roof  of  the  mouth  it  supplies  the  giii»* 
and  the  mucous  membrane  of  the  hard  ]>alate,  and  also  the  palate  and  superior  maxillAi^ 
bones. 

(d)  The  Vidian  (a.  canalis  pterygoidei)  is  a  long,  slender  branch  which  runs  hack- 
wards  tbrout^h  the  Vidian  canal  with  the  Vidian  nerve.  It  supplies  branches  to  the 
upper  part  of  the  pharynx,  to  the  levator  and  tensor  palati  muscles,  and  to  the  Eustachian 
tube.  One  of  the  latter  branches  passes  along  the  wall  of  the  Eustachian  tube  to  the 
tympanic  cavity,  where  it  anastomoses  with  the  other  tympanic  arteries. 

{e)  The  pteirygo-palatine  is  a  small  artery  which  runs  backwards,  with  the  pharynged 
bmnch  of  Meckel's  ganglion,  to  the  roof  of  the  pharynx.     It  supplies  the  upper  and  htA 
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part  of  the  roof  of  the  nose,  the  roof  of  the  pharynx,  the  sphenoidal  sinus,  and  the  lower 
pArt  of  the  Eustachian  tube,  and  anastomoses  with  the  Vidian  branch  of  the  internal 
»rotid. 

(/)  The  spheno-palatine  branch  (a.  spheno-palatina)  springs  from  the  termination  of 
the  internal  maxillary  artery.  It  passes  inwards  through  the  spheno-palatine  foramen 
into  the  nasal  cavity,  where  it  divides  into  many  branches.  One  of  these,  the  internal 
oasal  or  naso-iMtlatine,  which  is  sometimes  looked  upon  as  the  continuation  of  the  artery, 
crosses  the  back  part  of  the  roof  of  the  nose,  and  descends  in  a  groove  on  the  vomer  to 
the  incisive  foramen,  where  it  anastomoses  with  the  termination  of  the  posterior  palatine 
uteiy  and  with  the  septal  branch  of  the  superior  coronary.  The  outer  or  external  nasal 
bnmcfaes  of  the  spheno-palatine  artery  supply  the  greater  part  of  the  outer  wall  of  the 
oanl  foesa  and  the  cavity  of  the  antrum,  anastomosing  with  branches  of  the  infraorbital, 
ethmoidal,  and  lateral  nasal  arteries.  Branches  are  also  distributed  to  the  ethmoidal  cells, 
to  the  sphenoidal  sinus,  and  to  the  upper  part  of  the  pharynx. 


THE  INTERNAL  CAROTID  ARTERY. 

The  internal  carotid  artery  (a.  carotis  interna,  Figs.  622,  624,  and  627)  com- 
mences at  the  termination  of  the  common  carotid,  opposite  the  upper  border  of  the 
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Pig.  624.— The  Carotid,  Subclavian,  and  Veutebral  Arteries  and  their  Main  Branches. 

%roid  cartilage,  and  teniiiuates  in  the  middle  fossa  of  the  skull,  close  to  the 
commencement  of  the  fissure  of  Syh-ius,  where  it  divides  into  the  middle  and 
interior  cerebral  arteries. 

Course. — It  passes  through  the  carotid  and  submaxillary  triangles,  traverses 
the  carotid  canal  of  the  temporal  bone,  crosses  the  upper  part  of  the  foramen  lacerum 
Medium,  and  runs  in  the  outer  wall  of  the  cavernous  sinus  in  the  middle  fossa  of  the 
skulL 

At  its  oricjin  it  lies  behind  and  to  the  outer  side  of  the  external  catolld,  W\»  ^^ 
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it  ascends  internal  to  the  posterior  belly  of  the  digastric  and  the  stylo-hyoid  it 
to  the  inner  side  of  that  vessel.  After  entering  the  submaxillary  triangle  it  asce 
in  relation  with  the  posterior  surface  of  the  parotid  gland,  to  the  carotid  cana 
the  temi)oral  bone,  through  which  it  passes  to  the  apex  of  the  petrous  portio 
the  temporal  bone,  where  it  turns  upwards,  through  the  upper  part  of  the  fora 
lacerum  medium,  into  the  middle  cranial  fossa.  It  then  runs  forwards  in  the  o 
wall  of  the  cavernous  sinus  to  the  lower  root  of  the  small  wing  of  the  sphei 
there  it  turns  upwards  and  then  backwards  and  outwards  to  its  termination. 

Relations. — The  relations  of  the  various  parts  of  the  artery  require  sepe 
cousideration. 

In  the  Neck. — Posterior, — The  rectus  capitis  anticus  major,  the  prevertebral  fascia, 
the  sympathetic  cord,  separate  it  from  the  transverse  processes  of  the  cervical  verte 
and  somewhat  to  its  outer  side  are  the  internal  jugular  vein  and  the  vagus  nerve. 
spinal  accessory  and  the  glosso-pharyngeal  nerves  are  also  behind  and  to  the  outer  sic 
the  artery  for  a  short  distance  in  the  upper  part  of  the  neck,  and  they  intervene  bet^ 
it  and  the  internal  jugular  vein.  Internal  or  deep  to  the  internal  carotid  is  the  ext< 
carotid  artery  for  a  short  distance  below,  and  afterwards  the  wall  of  the  pharynx, 
ascending  pharyngeal  artery,  the  pharyngeal  plexus  of  veins,  and  the  external  and  int< 
laryngeal  nerves.  Just  before  it  enters  the  temporal  bone  the  levator  palati  muscle 
its  inner  side.  External  or  superficial  to  it  are  the  stemo-raastoid,  skin,  and  fascia, 
it  is  crossed  beneath  the  sterno-mastoid  from  below  upwards  by  the  hypoglossal  d( 
the  occi])ital  artery,  and  the  posterior  auricular  artery.  It  is  also  crossed  more  gi 
ficially  by  the  digastric  and  stylo-hyoid  muscles,  and  in  the  upper  part  of  its  extent 
covered  by  the  posterior  part  of  the  parotid  gland.  Passing  obliquely  across  its  ant 
and  outer  surface,  and  separating  it  from  the  external  carotid  artery,  are  the  follo^ 
structures,  viz.  :  the  stylo-pharyngeus,  the  tip  of  the  styloid  process  or  the  stylo-gk 
muscle,  and  the  stylo-hyoid  ligament,  the  glosso-pharyngeal  nerve,  the  pharyngeal  bn 
of  the  vagus,  and  some  sympathetic  twigs. 

In  the  Carotid  Canal, — The  artery,  as  it  passes  upw^ards  and  inwards,  is  in  front  of 
below  the  cochlea  and  the  tympanum ;  behind  and  internal  to  the  canals  for  the  Eustac 
tube  and  the  tensor  tympani ;  and  below  the  Gasserian  ganglion.  The  thin  lamina  of  1 
which  separates  it  from  the  tympanum  is  frequently  perforated,  and  that  between  it 
the  (gasserian  ganglion  is  not  infrequently  absent.  In  its  course  through  the  canal 
accompanied  by  small  veins  and  nerves.  The  veins  are  tributaries  from  the  tympan 
which  communicate  above  with  the  cavernous  sinus  and  below  with  the  internal  jug 
vein.  The  nerves  are  the  upward  continuations  of  the  sympathetic  cord  ;  they  form 
plexuses — one  on  the  outer  side  of  the  artery,  the  carotid  plexus,  and  one  on  the  ii 
side,  the  cavernous  plexus. 

As  it  enters  the  cavity  of  the  cranium  the  internal  carotid  artery  pierces  the  exte 
layer  of  the  dura  mater  and  passes  between  the  lingula  and  the  sixth  cranial  n 
externally,  and  the  posterior  petrosal  process  of  the  body  of  the  sphenoid  internally. 

///  the  Cranial  Cavitt/. — The  artery  runs  forwards  in  the  outer  wall  of  the  cavernous  8 
in  relation  with  the  third,  fourth,  the  ophthalmic  division  of  the  fifth,  and  the  sixth  en 
nerves  externally,  and  with  the  endothelial  wall  of  the  sinus  internally.  When  it  rca 
the  lower  root  of  the  small  wing  of  the  sphenoid  it  turns  upwards  to  the  inner  sic 
the  anterior  clinoid  process,  pierces  the  inner  layer  of  the  dura  mater,  and  comes 
close  relation  with  the  under  surface  of  the  optic  nerve  immediately  behind  the  ( 
foramen.  It  then  turns  abruptly  backwards  beneath  the  optic  nerve,  and  on  the  inner 
of  the  anterior  clinoid  process  which  it  frequently  grooves ;  inclining  outwards,  it 
between  the  second  and  third  nerves,  and  beneath  the  anterior  perforated  space,  to 
inner  end  of  the  stem  of  the  Sylvian  fissure,  where  it  turns  upwards,  at  some  dist 
from  the  outer  side  of  the  optic  chiasma,  and,  after  piercing  the  arachnoid,  divides 
its  two  terminal  branches,  the  anterior  and  middle  cerebml  arteries. 

Branches  of  the  Internal  Carotid  Artery. 

Branches  are  given  otf  from  the  internal  carotid  in  the  temporal  bone  an( 
the  cranium,  but,  as  a  rule,  no  branches  are  given  off  in  the  neck. 

In  t/ie  Temporal  Bone, — (1)  A  tympanic  branch  (ramus  carotico-tympanicus), 
small,  perforates  the  posterior  wall  of  the  carotid  canal,  and  anastomoses  in  the  tymp« 
with  the  stylo-mastoid  artery  and  with  the  tympanic  branches  of  the  internal  nuudl 
and  ascending  pharyngeal  artenes. 
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(2)  The  Vidian  is  a  small  aiid  inconstant  branch  which  accompanies  the  great 
eep  petrosal  nerve  in  the  Vidian  canal ;  it  anastomoses  with  the  Vidian  branch  of  the 
itemal  maxillar}^  artery. 

In  the  Cranium. — (1)  Gavemous,  small  branches  to  the  walls  of  the  cavernous  sinus 
nd  to  the  third,  fourth,  fifth,  and  sixth  nerves. 

(2)  Gasserian,  minute  twigs  which  supply  the  Gasserian  ganglion. 

(3)  Pituitary  branches  pass  to  the  pituitary  body. 

(4)  Meningeal  branches  ramify  in  the  dura  mater  of  the  middle  cranial  fossa,  anasto- 
mosing with  the  branches  of  the  middle  and  small  meningeal  arteries. 

(5)  Ophthalmic  Artery  (a.  ophthalmica,  Fig.  624).  —  This  artery  springs 
from  the  front  and  inner  side  of  the  internal  carotid  as  it  turns  upwards  on  the 
inner  side  of  the  anterior  elinoid  process.  It  passes  forwards  and  outwards,  beneath 
die  optic  nerve  and  through  the  optic  foramen  into  the  orbital  cavity.  In  the 
orbit  it  runs  forwards  for  a  short  distance  on  the  outer  side  of  the  optic  nerve,  and 
it  is  in  relation  externally  with  the  lenticular  ganglion  and  the  external  rectus 
muscle;  turning  upwards  and  inwards,  it  crosses  between  the  optic  nerve  and 
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Fic;.  625. — Distribution  of  the  Cerebral  Arteries  on  the  Mesial,  Tentoriai^  and  Inferior 
Surfaces  of  the  Cerebral  Hemispheres. 

The  auterior  cerebral  artery  is  coloured  green,  the  middle  cerebral  artery  red,  and  the 
posterior  cerebral  artery  orange. 

the  superior  rectus  to  the  inner  wall  of  the  orbit,  where  it  turns  forwards  to 
terminate  at  the  inner  and  front  part  of  the  orbital  cavity  by  dividing  into  frontal 
and  nasal  branches.  It  is  accompanied  at  first  by  the  nasal  nerve,  and  in  the 
terminal  part  of  its  course  by  the  infra-trochlear  nerve. 

Branches. — Tlie  branches  of  the  ophtliabuic  artery  are  numerous,  (a)  The  posterior  ciliary, 
psually  six  to  eight  in  number,  run  ibrwaitls  at  tlie  sides  of  the  o])ti('.  nerve ;  they  s(^on  divide 
iato  numerous  branches  which  pierce  tlie  back  part  of  the  sclerotic  coat ;  tlie  majority  terminate 
in  the  choroid  coat  of  the  eye  as  the  short  cilmry  arfena*  (aa.  ciliare^  i)Osteriore8  brevets),  but  two 
of  larger  size,  the  hng  ciliary  arteries  (aa.  ciliares  posterioros  longoe),  run  forwards,  one  on  each 
aide,  almost  in  the  horizontal  plane  of  the  eyeball,  between  the  sclerotic  and  the  choroid  coats,  to 
the  base  of  tlie  iris,  where  they  divide.  The  resulting  branches  anastomose  together  and  form  a 
circle  at  the  outer  perijdiery  of  the  iris,  from  which  secondary  brandies  run  inwards  and  anasto- 
mose together  in  a  secoud  circle  near  the  inner  margin  of  the  iris. 

(6)  The  central  artery  of  the  retina  (a.  centralis  ri'tiiia?)  arises  near  to,  or  in  common  with,  the 
preceding  vessels.  It  pierces  the  inner  and  under  side  of  the  optic  nen^e,  about  half  an  inch  (12 
n»m.)  behind  the  sclera,  and  runs  in  its  centn'  to  the  retina,  where  it  breaks  up  into  terminal 
^i^nches. 

(c)  Recurrent  (ti,  meniugea  anterior). — A  small  braneh  which  i>a.sses  })ackwards  through  the 
sphenoidal  fissure  into  the  middle  fossa  of  the  cranium,  where  it  anastomoses  with  the  middle  and 
•audi  meningeal  arU^ries,  and  with  the  meningeal  branches  of  the  internal  carotid  and  lachrymal 
•teriea. 
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{d)  The  lachrymal  artery  (a.  lacrimalis)  arises  from  the  o])hthaImic  ou  the  outer  tide  of 
the  optic  nerve.  It  niiis  forwai-ds  along  the  upper  border  of  the  external  rectus  to  the  upper  ud 
outer  angle  of  the  orbit,  and  in  its  course  gives  off  branches  to  the  lachrymal  ffland,  muacolar 
branches  to  tlie  ext<^mal  and  superior  recti,  i)alpebral  branches  to  the  upper  eyelid  and  the  vma 
and  outer  part  of  the  forehead,  temporal  and  malar  branches,  which  accompany  the  temporal  and 
malar  branches  of  the  tempoix) -malar  nerve,  to  the  face  and  the  temporal  fossa  respectively; 
anterior  ciliary  branches  (aa.  ciliares  anteriores),  which  perforate  the  sclera  behind  the  oomeo- 
scleral  junction  and  anastomose  with  the  posterior  ciliary  arteries ;  and  a  recurrent  meningeal 
branch,  which  passes  backwards  through  the  outer  part  of  the  sjihenoidal  fissure  to  anastomose  in 
the  middle  fossa  of  the  skull  with  the  middle  meningeal  artery. 

(«)  MuBCular.— These  branches  are  usually  arranged  in  two  sets,  outer  and  inner.  Tlie  former 
supply  the  upper  and  outer,  and  the  latter  the  lower  and  iimer  orbital  muscles.  They  anastomoee 
with  muscular  branches  from  the  lachrymal  and  the  supra-orbital  vessels,  and  tney  give  off 
anterior  ciliary  branches. 

(/)  The  Bupra-orbltal  branch  (a.  supra -orbi talis)  is  given  off  as  the  ophthalmic  arterv  crones 
above  the  optic  nerve.  It  j)asses  round  the  inner  borders  of  the  superior  rectus  ancT  levator 
palpebrae  muBcles,  and  runs  forwards  between  the  latter  and  the  periosteum  to  the  supra-orbiul 
notch,  accompanying  the  frontal  and  supra-orbital  nerves.  Passing  through  the  notch  it  reache* 
the  scalp,  and,  perforating  the  frontalis  muscle,  anastomoses  with  the  superficial,  temporal,  and 
frontal  arteries. 

(g)  Ethmoidal  branches,  anterior  (a.  ethmoidal  is  anterior)  and  posterior  (a.  ethmoidalk 
posterior),  arise  from  the  ophthalmic  as  it  runs  forwards  along  the  inner  boundary  of  the  orbital 
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Fig.  626. — Distribution  of  Cbkbrral  Arteries  on  the  Outer  Surface  of  the  Cerebrum. 
Anterior  cerebral  artery  is  coloured  green,  the  middle  cerebral  red,  an<l  the  posterior  cerebral  orange. 

cavitv.  They  pass  inwards  between  the  superior  oblique  and  the  internal  rectus.  The  posterior, 
which  is  much  the  smaller  of  the  two,  traverses  the  posterior  ethmoidal  canal,  and  suppjiea 
the  posterior  ethmoidal  cells  and  the  posterior  and  upper  part  of  the  outer  wall  of  the  nasal  cavitj. 
The  anterior  ethmoidal  art^^ry  ])as8es  through  the  anterior  ethmoidal  canal  with  the  nasal  nem, 
enters  the  anterior  fossa  of  the  skull,  and  crosses  the  cribriform  plat^  of  the  ethmoid  to  the 
nasal  notch,  through  which  it  reaches  the  nasal  cavity,  where  it  descends  with  the  nasal  nervelin 
a  groove  on  the  back  of  the  nasal  lx)ne,  and  finally  passes  Ix^tween  the  upper  lateral  cartilage  aad 
the  lower  border  of  the  nasal  bone  to  the  tip  of  the  nose.  It  supidies  branches  to  the  membranca 
of  the  brain  in  the  anterior  cranial  fossa  as  well  as  to  the  anterior  ethmoidal  cells,  the  frontal 
sinus,  the  anterior  and  upper  part  of  the  nasal  mucous  membrane,  and  the  skin  on  the  dowom 
of  the  nose. 

Qi)  Palpebral  branches  (aa.  palpcbrales),  ui)per  and  lower,  are  given  off  near  the  terminatioii 
of  the  ophthalmic.  They  are  distributed  to  the  upper  and  lower  eyelids,  and  they  anastomoee  with 
the  lachrymal,  supra-orbital,  and  infra-orbital  arteries. 

{%)  The  nasal  terminal  branch  (a.  dorsalis  nasi)  passes  out  of  the  orbit  above  the  internal  tanal 
ligament.  It  pierces  the  i)alpebral  fascia,  and  terminates  on  the  side  of  the  nose  by  anastomosing 
with  the  angular  braiich  of  tne  facial  artery. 

(k)  The  frontal  terminal  branch  (a.  frontalis)  pierces  the  palpebral  fascia  at  the  upper  and 
inner  part  of  the  orbit,  and  ascends,  with  the  supra-trochlear  nerve,  in  the  superficial  msci*  of 
the  anterior  and  nic.sial  i)art  of  the  scalp,  anastomosing  with  its  fellow  of  the  opposite  side  and 
with  the  supra-orbital  artery. 

(6)  The  posterior  commonicating  artery  (a.  commuiiicans  posterior)  rises  from  the 
interim]  carotid  near  its  termination.     It  runs  backwards  below  the  optip  timet  snd  B 
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ront  of  the  orus  cerebri,  and  passing  above  the  third  nerve,  joins  the  posterior  cerebral 
rtery  forming  part  of  the  circle  of  Willis.  It  gives  branches  to  the  optic  tract,  the  crus 
erebri,  the  interpeduncular  region,  and  the  uncinate  convolution  of  the  brain.  The 
osterior  communicating  artery  varies  much  in  size;  it  may  be  small  on  one  or  both 
ides,  sometimes  it  is  very  large  on  one  side  ;  occasionally  it  replaces  the  posterior 
erebral  artery,  and  it  sometimes  arises  from  the  middle  cerebral  artery. 

(7)  The  anterior  choroidal  (a.  choroidea)  is  a  small  branch,  which  also  rises  near  the 
ermination  of  the  internal  carotid ;  it  passes  backwards  and  outwards,  between  the  crus 
erebri  and  the  uncinate  convolution,  to  the  lower  and  front  part  of  the  choroidal  fissure 
rhich  it  enters,  and  it  terminates  in  the  choroidal  plexus  in  the  descending  cornu  of  the 
iteral  ventricle.  It  supplies  the  optic  tract,  the  crus  cerebri,  the  uncinate  convolution, 
nd  the  posterior  part  of  the  internal  capsule. 

(8)  Anterior  Oerebral  Artery  (a.  cerebri  anterior).  This  is  the  smaller 
►f  the  two  terminal  branches  of  the  internal  carotid.  It  passes  forwards  and  in- 
vards,  above  the  optic  chiasma  and  immediately  in  front  of  the  lamina  ciuerea,  to 
-he  conimencement  of  the  great  longitudinal  fissure,  where  it  turns  round  the  genu 
)f  the  corpus  callosum,  and  runs  backwards  to  the  parietal  lobe  of  the  brain.  At 
ihe  commencement  of  the  great  longitudinal  fissure  it  »i8  closely  connected  with  its 
ellow  of  the  opposite  side  by  a  wide  but  short  anterior  communicating  artery  (a. 
iommunicans  anterior),  and  in  the  remainder  of  its  course  it  is  closely  accompanied 
)y  its  fellow  artery  of  the  opposite  side. 

Branches. — Branches  of  all  the  cerebral  arteries  are  distributed  both  to  the  basal 
;angl ionic  masses  of  the  brain  and  to  the  cerebral  cortex  ;  they  therefore  form  two  dis- 
iact  groups — (a)  central  or  ganglionic ;  (6)  cortical. 

The  branches  of  the  anterior  cerebral  include  : 

(a)  Central  or  ganglionic  branches, — The  antero-mesial  arteries,  a  small  group  of 
^ssels,  constitute  the  central  branches  of  the  anterior  cerebral  artery ;  they  pass  upwards 
to  the  base  of  the  brain  in  front  of  the  optic  chiasma,  and  supply  the  rostrum  of 
le  corpus  callosum,  the  lamina  cinerea,  and  the  septum  lucidum. 

(6)  Cortical  branches.  —  (6^)  Internal  orbital,  one  or  more  small  branches  which 
pply  the  internal  orbital  convolution,  the  gyrus  rectus,  aud  the  olfactory  lobe. 

{Ir)  Anterior  internal  frontal,  one  or  more  branches  which  are  distributed  to  the 
I  tenor  and  lower  part  of  the  marginal  convolution,  and  to  the  anterior  portions  of  the 
perior  and  middle  frontal  convolutions. 

(JL^)  A  middle  internal  frontal  is  distributed  to  the  posterior  part  of  the  marginal 
u volution,  and  to  the  upper  portions  of  the  superior  and  ascending  frontal  and  ascend- 
g  parietal  convolutions. 

(6^)  The  posterior  internal  frontal  runs  backwards  to  the  quadrate  lobule.  It 
pplies  the  corpus  callosum,  the  quadrate  lobe,  and  the  upper  part  of  the  superior 
kHetal  lobule. 

(9)  Bliddle  Oerebral  Artery  (a.  cerebri  media). — The  middle  cerebral  is  the 
rger  of  the  two  terminal  branches,  and  the  more  direct  continuation  of  the 
iternal  carotid  artery.  It  passes  outwards  in  the  fissure  of  Sylvius  to  the  outer 
irface  of  the  island  of  Reil,  which  it  crosses;  and  divides,  in  the  posterior 
Daiting  sulcus  of  Reil,  into  parieto-temporal  and  temporal  terminal  branches. 

Branches. — (a)  Central  or  ganglionic. — Numerous  and  very  variable  in  size.  These 
ranches  are  given  off  at  the  base  of  the  brain,  in  the  region  of  the  anterior  perforated 
Mice.    Two  sets,  known  as  the  internal  and  the  external  striate  arteries,  are  distinguishable. 

{a})  The  internal  striate  arteries  pass  upwards  througli  the  two  inner  segments  of 
le  lenticular  nucleus  (globus  pallidus)  and  the  internal  capsule  to  terminate  in  the 
mdate  nucleus.  They  supply  the  anterior  portions  of  the  lenticular  and  caudate  nuclei 
id  of  the  internal  capsule. 

(a^)  The  external  striate  arteries  pass  upwards  through  the  outer  segment  (puta- 
jen)  of  the  lenticular  nucleus,  or  between  it  and  the  external  capsule,  and  they  form  two 
5t8 :  an  a.\terior,  the  lenticulo-striatc,  and  a  posterior,  the  lenticulo-optic  ;  both  sets 
■averse  the  lenticular  nucleus  and  the  internal  capsule,  but  the  lenticvlo-striate  arteries 
frminate  in  the  caudate  nucleus,  and  the  lenticulo-optic  in  the  optic  thalamus.  One  of 
le  lenticulo-striate  arteries,  which  passes  in  the  first  instance  round  the  outer  side  of  the 
aticolar  nucleus,  and  afterwards  through  its  substance,  is  larger  than  its  companions ;  it 
eqiiently  ruptures,  and  is  known  as  the  artery  of  cerebral  haemorrhage. 
66 
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{(/)  Cartical  branches  are  given  off  as  the  middle  cerebral  artery  passes  over  the  surface 
of  the  island  of  Reil  at  the  bottom  of  the  Sylvian  fissure,  as  follows : — 

(fA)  The  inferior  external  orbital  runs  forwards  and  outwards,  and  is  distributed  to 
the  outer  part  of  the  orbital  surface  of  tlic  frontal  lobe  and  to  the  inferior  frontal  coo- 
volution. 

(0-)  The  ascending  frontal  branch  turns  round  the  upper  margin  of  the  Sylviau 
fissure,  and  is  distributed  to  the  ascending  frontal  convolution  and  to  the  posterior  part 
of  the  middle  frontal  convolution. 

(//)  The  ascending  parietal  branch  emerges  from  the  Sylvian  fissure  and  passea 
upwards  along  tlie  posterior  border  of  the  ascending  parietal  convolution,  supplying  that 
convolution  and  the  sujKJrior  parietal  lobule. 

{b*}  The  temporal  branch  passes  out  of  the  Sylvian  fissure,  and  turns  downward!}  to 
supply  the  sujKjrior  and  middle  temi)oral  convolutions. 

(b^)  The  parieto-temporal  branch  continues  backwards,  in  the  direction  of  the  iimin 
stem,  and  emerges  from  the  posterior  end  of  the  Sylvian  fissure ;  it  supplies  the  inferior 
parietal  lobule,  the  external  occipital  convolutions,  and  the  posterior  part  of  the  tempom 
s])henoidal  lobe. 

Vertebral  Artery. 

The  vertebral  artery  (a.  vertebralis,  Figs.  624  and  627)  is  tlie  first  branch 
given  off  from  the  subclavian  trunk ;  it  arises  from  the  upper  and  back  part  of  the 
parent  stem,  opposite  the  interval  between  the  anterior  scalene  and  the  longus 
colli  muscles,  and  terminates  at  the  lower  border  of  the  pons  Varolii  by  uniting 
with  its  fellow  of  the  opposite  side  to  form  the  basilar  artery. 

Goiirse  and  Relations. — The  vertebral  artery  is  divisible  into  four  parts. 

The  first  part  runs  upwards  and  backwards,  l)etween  the  scalenus  anticus  and 
the  outer  border  of  the  longus  colli,  to  the  foramen  in  the  transverse  process  of  the 
sixth  cervical  vertebra.  It  is  surrounded  by  a  plexus  of  sympathetic  nerve  fibres, 
covered  anteriorly  by  the  vertebral  and  internal  jugular  veins,  and  crossed  in  front 
by  the  inferior  thyroid  artery.  On  the  left  side  the  terminal  part  of  the  thoracic 
duct  also  passes  in  front  of  it.  The  second  part  runs  upwards  through  the  foramina 
in  the  transverse  processes  of  the  upper  six  cervical  vertebrae.  As  far  as  the 
second  cervical  vertebra  its  course  is  almost  vertical ;  as  it  passes  through  the 
transverse  process  of  the  axis,  however,  it  is  directed  obliquely  upwards  and 
outwards  to  the  atlas.  It  is  surrounded  by  a  plexus  of  sympathetic  nerve  fibres, 
and  also  by  a  plexus  of  veins.  The  artery  lies  in  front  of  the  trunks  of  the 
cervical  nerves,  and  internal  to  the  intertransverse  muscles.  The  third  part  emerges 
from  the  foramen  in  the  transverse  process  of  the  atlas,  between  the  anterior  primary 
division  of  the  sub-occipital  nerve  internally  and  the  rectus  capitis  laterahs  exter- 
nally, and  runs  almast  horizontally  backwards  and  inwards  round  the  outer  side 
and  back  of  the  superior  articular  process  of  the  atlas.  In  this  course  it  enters 
the  sub-occipital  triangle,  where  it  lies  in  the  groove  on  the  upper  surface  of  the 
posterior  arch  of  the  atlas  (sulcus  arterise  vertebralis).  It  is  separated  from  the 
bone  by  the  sub-occipital  nerve,  and  is  overlapped  superficially  by  the  adjacent 
borders  of  the  superior  and  inferior  oblique  muscles.  Finally,  this  part  of  the 
artery  passes  beneath  the  oblique  ligament  of  the  atlas  and  enters  the  spinal  cauaL 

The  fourth  part  pierces  the  spinal  dura  mater  and  runs  upwards  into  the  cranial 
cavity.  It  passes  between  the  roots  of  the  hypoglossal  nerve  above  and  the  first 
dentation  of  the  ligamentum  denticulatum  below, pierces  the  arachnoid,and,gradually 
inclining  inwards  in  front  of  the  medulla,  reaches  the  lower  border  of  the  ponj» 
Varolii,  where  it  imites  with  its  fellow  of  the  opposite  side  to  form  the  basilar  artery. 

Branches. — Frota  the  first  part. — As  a  rule  there  are  only  a  few  small  muacular 
twigs  from  this  portion  of  the  artery. 

From  the  second  part, — (1)  Muscular  branches  which  vary  in  number  and  si«e.  Tbey 
supply  the  deep  muscles  of  the  neck,  and  anastomose  with  the  profunda  cervicis,  the 
ascending  cervical,  and  the  occipital  arteries. 

(2)  Spinal  branches  (rami  spinales)  pass  from  the  inner  side  of  the  second  part  of  the 
vertebral  artery  tlirough  the  intervertebral  foramina  into  the  spinal  cana!,  where  tbff 
give  off  twigs  which  pass  along  the  roots  of  the  spinal  nerves  to  reinforce  the  antoior  aw 
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&piiml  arierios;  tbey  supply  the  bodies  of  the  vei*tebnie  mid  the  intervertebral 
they  aiJBUittjmose  with  correispoiidintf  arteries  ribove  and  beUiw, 
tktrd  jHirt. — (1)  Mioiscular  branches  to  the  feub-oecipital  muscles, 
BtomDtic  branchefl  whicfi  unite  with  the  princepa  cervicie  branch  of  the  occi< 
1th  tlio  prof  Hilda  cervicis  artery. 
the  fmtrth  imrt.-—{\)  Menme^Gftl  (mmi  ineiiiiigei),^Oiie  or  two  amiiU  braacUea 
'liefore  the  vertelmil  artery  pierces  the  diirit  muter.     They  ascend  intri  the  pos* 
B3H  of  the  skull,  where  they  aii»i8tmii0Be  witli  meningeal  bniuches  of  the  occipital 
ibendiog  pharyngeal  arteries,  and  occasionally  witli  hmnfihej*  of  the  middle  meningeid 

■  Posterior  8pmal  (a,  spinalis  posterior)^— The  po^rior  ^Inal  branch  spnngs  from 


Aut4^rfoT  pertbi*!  artery 
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>f Iratmg 
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i..-lEi(,r  ftM**r>' 
.inf 

BiuiLlar  iirt«T7 


rtt«l*rii*r  iitfNtior 


Vnitebcat  ii*t*ry 


1 2th  rnmum  iiirvc  AuUrftw  MtintA  tirtery 

Pill,  <J2r,  — Thb  Abtbriks  of  ruu  Bust  or  the  Bhaiw,     The  Circlf  of  Willis, 

^rtebral  directly  after  it  ha>i  ]iierced  the  tlnra  Tuat^^^r.  Ft  runs  flownwards  upon  the 
>f  the  mc^lnlhrand  the  spinal  vord  in  front  of  thf  prsterior  nerve  r(x>t«.  It  is  a 
->r  artetTt  which  is  continued  to  the  lower  purt  of  the  o*rd  by  means  of  reinforce- 
I  from  ihe  spinal  branches  of  the  vertebml  and  int4?ix;o!stal  arteries.  It  gives  off 
bei  to  th«  pia  matcrj  which  form  more  or  lea**  regidar  aoaBtomoaea  oo  tlie  inner 
of  the  pjsterior  nerve  rfxit?;,  and  it  terminates  below  by  joining  the  anterior  apinal 

)  The  interior  spinal  branch  (a.  ftpimdis  anterior)  ariHehi  near  the  termination  of  the 
»rah  It  vniv^  obliquely  downwaixiti  and  inwards,  in  front  of  the  inodullj*,  and  unites 
iU  fellow  of  the  opposite  side  U>  form  a  single  unterior  spinal  arU^rj,  w  Inch  deseenfl« 
tJt  of  the  anterior  fisssure  of  the  Bpiual  cord»  and  is  eontinne<i  aw  a  fine  vessel  along 
lum  terminale.     The  anterior  spinal  artery  is  reiuforcod  as  it  descends  liy  anastoinos* 
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ing  twigs  from  the  spinal  branches  of  the  vertebral,  intercostal,  and  lumbar  arteries.  It 
gives  off  branches  which  pierce  the  pia  mater  and  supply  the  cord,  and  it  unites  below 
with  the  posterior  spinal  arteries. 

(4)  The  posterior  inferior  cerebellar  (a.  cerebelli  inferior  posterior)  is  the  largest 
brancli  of  the  vertebral  artery.  It  arises  a  short  distance  below  the  pons  and  passe;} 
obliquely  backwards  round  the  medulla,  at  first  between  the  roots  of  the  hypoglossal 
nerve,  and  then  between  the  roots  of  the  spinal  accessory  and  vagus  nerves,  into  the 
vallecula  of  the  cerebellum,  w^here  it  divides  into  external  and  internal  terminal  branches. 

The  trunk  of  the  artery  gives  branches  to  the  medulla  and  to  the  choroid  plexus  of 
tlie  fourth  ventricle.  The  internal  terminal,  or  vermiform  branch,  runs  backwards 
between  the  inferior  vermiform  process  and  the  lateral  lobe  of  the  cerebellum ;  it  supplies 
principally  the  former  structure,  and  anastomoses  with  its  fellow  of  the  opposite  side.  The 
external  or  hemispheric  branch  passes  outwards  on  the  lower  surface  of  the  hemisphere 
and  anastomoses  with  the  superior  cerebellar  artery. 

Basilar  Artery  (a.  basilaris). — This  artery  is  formed  by  the  junction  of 
the  two  vertebral  arteries ;  it  commences  at  the  lower  border  and  terminates  at  the 
upper  border  of  the  pons  Varolii,  bifurcating  at  its  termination  into  the  two 
posterior  cerebral  arteries. 

Course  and  Relations. — It  runs  upwards  in  a  shallow  groove  on  the  front  of 
the  pons  Varolii,  behind  the  sphenoidal  section  of  the  basi-cranial  axis  and  between 
the  sixth  nerves. 

Branches.— (I)  The  transverse,  a  series  of  small  arteries  which  pass  round  thesideb 
of  the  pons,  supplying  it  (rami  ad  pontem),  the  middle  peduncles  of  the  cerebellum,  and 
the  roots  of  the  fifth  cranial  nerve. 

(2)  The  auditory  (a.  auditiva  interna),  a  pair  of  long  but  slender  branches  which 
accompany  the  eighth  cranial  nerve.  Each  enters  the  corresponding  internal  auditory 
meatus  with  the  seventh  and  eighth  nerves,  and,  passing  through  the  lamina  cribrosa,  is 
distributed  to  the  internal  ear. 

(3)  The  anterior  inferior  cerebellar  (a.  cerebelli  inferior  anterior),  two  branches  which 
arise,  one  on  each  side,  from  the  middle  of  the  basilar  artery.  They  pass  backwards  on  the 
anterior  parts  of  the  lower  surfaces  of  the  lateral  lobes  of  the  cerebellum,  and  anastomose 
with  the  posterior  inferior  cerebellar  branches  of  the  vertebral  arteries. 

(4)  The  superior  cerebellar  (aa.  cerebelli  superiores)  branches,  two  in  number,  arise  near 
the  termination  of  the  basilar.  Each  passes  outwaitis  at  the  upper  border  of  the  pons, 
directly  below  the  third  nerve  of  the  same  side,  and  turning  round  the  outer  side  of  the 
cms  cerebri  below  the  fourth  nerve,  reaches  the  upper  surface  of  the  cerebellum,  where  it 
divides  into  an  internal  and  an  external  branch.  The  internal  branch  supplies  the  upper 
surface  of  the  vermiform  process  and  the  valve  of  Vieussens.  The  external  branch  is 
distributed  over  the  upper  surface  of  the  lateral  hemisphere,  anastomosing  at  its  margin 
with  the  inferior  cerebellar  arteries. 

(5)  Posterior  Cerebral  Arteries  (aa.  cerebri  posteriores.  Figs.  625  and  627).— 
These  are  the  two  terminal  branches  of  the  basilar.  They  run  backwards  and 
upwards,  between  the  crura  cerebri  and  the  uncinate  convolutions  and  parallel 
to  the  superior  cerebellar  arteries,  from  which  they  are  separated  by  the  third 
and  fourth  cranial  nerves.  Each  posterior  cerebral  artery  is  connected  with  the 
internal  carotid  by  the  j)Osterior  communicating  artery ;  it  gives  branches  to  the 
tentorial  surface  of  the  cerebrum,  and  is  continued  backwards,  beneath  the  splenium 
of  the  corpus  callosum,  to  the  calcarine  fissure,  where  it  divides  into  calcarine  and 
parieto-occipital  branches,  which  pass  to  the  outer  surface  of  the  occipital  lobe  and 
supply  the  inner  and  tentorial  surfaces  of  the  occipital  lobe  and  the  posterior  part 
of  its  outer  surface. 

Branches. — (A)  Central  or  ganglionic, — This  group  includes  (a^)  A  postero-mesial 
set  of  small  vessels  which  pass  on  the  inner  side  of  the  cms  cerebri  to  the  posterior 
perforated  space.  They  supply  the  crus,  the  posterior  part  of  the  optic  thalamus,  the 
corpora  albicantia,  and  the  walls  of  the  third  ventricle. 

(a^)  A  postero-lateral  set  of  small  vessels  which  pass  round  the  outer  side  of  the  eras 
cerebri.  They  supply  the  corpora  quadrigemina,  the  brachia,  the  pineal  body,  the  eras, 
the  posterior  part  of  the  optic  thalamus,  and  the  corpora  geniculata. 

(a^)  A  posterior  choroidal  set  of  small  branches  which  pass  through  the  upper  part  of 
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3  choroidal  fissure,  and,  after  entering  the  posterior  part  of  the  velum  interposituni,  end 

the  choroid  plexus  in  the  body  of  the  lateral  ventricle  and  the  upper  part  of  its 
scending  comu. 

(B)  Cortical. — (6^)  The  anterior  temporal,  frequently  a  single  branch  of  variable  size, 
uot  uncommonly  replaced  by  several  small  branches.  It  supplies  the  anterior  parts  of 
e  uncinate  and  the  occi  pi  to-temporal  convolutions. 

(6^)  The  posterior  temporal  is  a  larger  branch  than  the  anterior.  It  supplies  the 
sterior  part  of  the  uncinate  gyrus,  the  greater  part  of  the  occipito-tempond  convolution, 
d  the  lingual  lobule. 

(^)  The  calcarine  branch  is  the  continuation  of  the  posterior  cerebral  artery  along 
e  calcarine  fissure.  It  supplies  the  cuneate  lobe,  the  lingual  lobule,  and  the  posterior 
rt  of  the  outer  surface  of  the  occipital  lobe. 

(6-^)  The  parieto- occipital  branch,  smaller  than  the  calcarine,  passes  along  the 
rresponding  fissure  to  the  cuneus  and  precuneus. 

(Tircle  of  Willis  (Fig.  627). — The  cerebral  arteries  of  opposite  sides  are  intimately 
nnected  together  at  the  base  of  the  brain  by  anastomosing  channels.  Thus  the 
io  anterior  cerebral  arteries  are  connected  with  one  another  by  the  anterior 
•mmunicating  artery,  whilst  the  two  posterior  cerebrals  are  in  continuity  through 
le  basilar  artery  from  which  they  rise.  There  is  also  a  free  anastomosis  on  each 
le  between  the  carotid  system  of  cerebral  arteries  and  the  vertebral  system  by 
eans  of  the  posterior  communicating  arteries,  which  connect  the  internal  carotid 
unks  and  posterior  cerebral  arteries. 

The  vessels  referred  to  form  the  so-called  circle  of  Willis  (circulus  arteriosus 
STillisi]).  This  is  situated  at  the  base  of  the  brain,  in  the  region  of  the  inter- 
duncular  space,  and  encloses  the  following  structures :  the  posterior  perforated 
sice,  the  corpora  albicantia,  the  tuber  cinereum,  the  infundibulum,  and 
e  optic  commissure;  The  "circle"  is  irregularly  polygonal  in  outline,  and  is 
•med  posteriorly  by  the  termination  of  the  basilar  and  by  the  two  posterior 
:ebral  arteries,  postero-laterally  by  the  posterior  communicating  arteries  and  the 
^mal  carotids,  antero-laterally  by  the  anterior  cerebral  arteries,  and  in  front  by 
3  anterior  communicating  artery. 

It  is  stated  that  this  free  anastomosis  equalises  the  flow  of  blood  to  the  various 
rtfS  of  the  cerebrum,  and  provides  for  the  continuation  of  a  regular  blood-supply 
one  or  more  of  the  main  trunks  of  the  basal  vessels  should  be  obstructed. 

AETERIES  OF  THE  UPPER  EXTREMITY. 

The  main  arterial  stem  of  each  upper  extremity  passes  through  the  root  of  the 
ck,  traverses  the  axillary  space,  and  is  continued  through  the  upper  arm  to  the 
rearm.  In  the  latter  it  only  runs  a  short  distance,  terminating  just  below  the 
nd  of  the  elbow  by  bifurcating  into  the  radial  and  uhiar  arteries  which  descend 
rough  the  forearm  to  the  hand.  That  portion  of  the  common  trunk  which  lies 
the  root  of  the  neck  is  known  as  the  subclavian  artery,  the  part  in  the  axillary 
ace  is  termed  the  aadllary  artery,  whilst  the  remainin*^  part  is  called  the  brachial 
tery. 

THE  SUBCLAVIAN  ARTERIES, 

On  the  right  side  the  8ul)clavian  artery  (a.  subclavia,  Figs.  620  and  622)  com- 
ences  at  the  termination  of  the  innominate  artery  behind  the  sterno-clavicular 
ticulation,  whilst  that  on  tlie  left  side  arises  from  the  arch  of  the  aorta  behind 
ler  lower  part  of  the  manubrium  sterni. 

The  right  artery  is  about  three  inches  long  (75  mm.),  and  it  Ues  in  the  root  of 
le  neck.  The  left  artery  is  about  four  inches  (100  mm.)  long,  and  is  situated  not 
dy  in  the  root  of  the  neck,  but  also  in  the  superior  mediastinal  part  of  the  thorax. 
I  the  root  of  the  neck  each  artery  arches  outwards  across  the  apex  of  the  lung  and 
(hind  the  anterior  scalene  muscle,  and  is  divided  into  three  parts,  which  lie 
spectively  to  the  inner  side,  behind,  and  to  the  outer  side  of  the  muscle.  The 
:tent  to  which  the  arch  rises  above  the  level  of  the  clavicle  varies  cousidftYibl^ , 
id  not  uncommonly  it  reaches  the  level  of  the  lower  part,  oi  Wve  tYvytcsA  \iQS^ . 
56a 
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The  first  parts  of  the  subclavian  arteries  diflfer  materially  from  each  other  both  in 
extent  and  relations.  The  relations  of  the  second  and  third  parts  are  similar  on 
both  sides. 

The  first  paxt  of  the  left  subclavian  artery  springs  from  the  arch  of  the 
aorta  to  the  left  of  and  behind  the  commencement  of  the  left  common  carotid  and 
on  the  left  side  of  the  trachea.  It  ascends,  almost  vertically,  in  the  superior 
mediastinum  to  the  root  of  the  neck,  where  it  arches  upwards  and  outwards  to  the 
inner  border  of  the  scalenus  anticus. 

Relations. — Posterior, — In  the  superior  mediastinum,  from  below  upwards,  it  is  iu 
relation  behind  and  on  its  inner  side  with  the  left  margin  of  the  oesopbagus,  the  thoracic 
duct,  and  the  left  lougus  colli  muscle,  whilst  the  outer  part  of  its  posterior  surface  is 
covered  by  pleura. 

Anterior, — In  front  and  to  the  right  of  the  artery  are  the  vagus,  the  left  superior 
cardiac  branch  of  the  sympathetic,  the  left  inferior  cardiac  branch  of  the  vagus,  the  left 
phrenic  nerve,  and  the  left  common  carotid  artery.  It  is  also  crossed  obliquely  by  the 
left  innominate  vein  above  and  by  the  left  vagus  nerve  below,  and  it  is  overlapped  on 
the  left  side  by  the  left  lung  and  pleura. 

Lateral. — Internally  it  is  in  relation,  from  below  upwards,  with  the  trachea,  the  left 
recurrent  laryngeal  nerve,  the  oesophagus,  and  the  thoracic  duct. 

Externally  it  is  closely  invested  by  the  left  pleura,  and  it  ascends  in  a  groove  on  the 
inner  aspect  of  the  left  lung. 

As  it  turns  outwards  at  the  root  of  the  neck  it  lies  behind  the  terminations  of  the 
internal  jugular,  vertebral,  and  subclavian  veins,  the  phrenic  nerve,  the  stemo-thyroid  and 
sterno-hyoid  muscles,  the  anterior  jugular  vein,  and  more  superficially  the  stemo-mastoid 
muscle,  and  the  deep  cervical  fascia ;  the  thoracic  duct  arches  obliquely  over  it>  and  it 
lies  it)  front  of  the  apex  of  the  pleural  sac. 

The  first  part  of  the  right  subclavian  artery  (Fig.  620)  extends  from  the 
back  of  the  right  stemo-clavicular  articulation  to  the  inner  border  of  the  scalenus 
anticus.     It  is  thus  limited  to  the  root  of  the  neck. 

Relations. — Posterior. — Behind  this  part  of  the  artery,  and  intervening  between  it 
and  the  upper  two  dorsal  vertebrae,  are  the  recurrent  laryngeal  nerve,  the  posterior  part 
of  the  annulus  Vieusseni,  and  the  apex  of  the  right  pleural  sac.  Anterior. — In  front  it  is 
iu  relation  with  the  right  vagus,  the  cardiac  branches  of  the  vagus  and  the  sympathetic, 
the  anterior  portion  of  the  annulus  Vieusseni,  the  internal  jugular  and  vertebral  veiw, 
and  more  superficially  the  sterno-hyoid  and  stemo-thyroid  muscles,  the  anterior  jugular 
vein,  the  sternal  end  of  the  clavicle,  the  stemo-clavicular  ligaments,  and  the  stemo- 
mastoid  muscle.  The  recurrent  laryngeal  nerve  passes  below  it  and  intervenes  between  it 
and  the  apex  of  the  pleural  sac. 

The  second  part  of  the  subclavian  artery,  on  each  side,  extends  from  the 
inner  to  the  outer  border  of  the  scalenus  anticus,  behind  which  it  lies. 

Relations. — Behind  and  below  it  is  in  relation  with  the  pleural  sac.  In  fixmi  it  is 
covered  by  the  anterior  scalene  and  the  stemo-mastoid  muscles.  The  anterior  scalene 
separates  it  from  the  subclavian  vein,  which  also  lies  at  a  slightly  lower  level,  from  the 
transverse  cervical  and  suprascapular  arteries,  from  the  anterior  jugular  vein,  and,  od  the 
right  side,  from  the  phrenic  nerve. 

The  third  part  of  the  subclavian  artery  is  the  most  superficial  portion. 
It  extends  from  the  outer  lx)rder  of  the  anterior  scalene  to  the  outer  border  of 
the  first  rib,  lying  partly  in  the  clavicular  portion  of  the  posterior  triangle  and 
partly  behind  the  clavicle  and  the  sulxJlavius  muscle. 

Relations. — It  rests  upon  the  upper  surface  of  the  first  rib.  Immediately  behind  it 
is  the  lowest  trunk  of  the  brachial  plexus,  which  separates  it  from  the  middle  scalene. 
In  front  of  it  and  at  a  slightly  lower  level  lies  the  subclavian  vein.  The  external 
jugular  vein  crosses  the  inner  part  of  this  portion  of  the  artery  in  its  course  to  the  sub- 
clavian vein,  and  just  before  its  temiination  receives  the  transverse  cervical  and  vaapat 
scapular  veins ;  these  vessels  also  pass  superficial  to  the  artery,  which  is  thus  covered  hj 
venous  trunks ;  it  is  also  crossed  vertically,  behind  the  veins,  by  the  nerve  to  the  subdaviiia 
muscle.  The  outer  section  of  this  part  of  the  artery  lies  behind  the  dayide  and  the 
8ubclaviiia  muscle,  and  it  is  crossed  itom  V\W\m  o\i\?««ixd&  b^  the  supraaoapiilar  artoy, 
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which  is  separated  from  it  by  the  layer  of  deep  cervical  fascia  which  binds  the  posterior 
belly  of  the  omo-hyoid  to  the  posterior  border  of  the  subclavian  groove.  More  superficially 
the  third  part  of  the  artery  is  covered  by  the  superficial  layer  of  the  deep  fascia,  the 
descending  clavicular  branches  of  the  cervical  nerves,  the  platysma,  and  the  skin. 

Branches  of  the  Subclavian  Artery. 

(1)  The  vertebral  artery  is  distributed  almost  entirely  to  the  head  and  neck, 
and  its  chief  function  is  to  supply  the  posterior  part  of  the  brain.  Its  description 
has  therefore  been  given  with  that  of  the  other  cerebral  arteries  (see  p.  818). 

(2)  Thyroid  Axis  (truncus  thyreo-cervicalis,  Figs.  620  and  622). — This  branch 
arises  close  to  the  inner  border  of  the  scalenus  anticus,  and  directly  above  the  origin 
of  the  internal  mammary  artery,  from  the  upper  and  front  part  of  the  subclavian 
artery.  After  a  short  upward  course  of  about  two  lines  (4  mm.),  it  ends  under 
cover  of  the  internal  jugular  vein  by  dividing  into  three  branches — viz.  the  inferior 
thyroid,  the  transverse  cervical,  and  the  suprascapular. 

(A)  The  inferior  thyroid  axtery  (a.  thyreoidea  inferior.  Fig.  620)  ascends 
along  the  anterior  border  of  the  scalenus  anticus,  and  turns  inwards  opposite  the 
cricoid  cartilage  to  the  middle  of  the  posterior  "border  of  the  lateral  Icme  of  the 
thyroid  body ;  it  then  curves  inwards  and  downwards,  and  descends  to  the  lower 
end  of  the  lobe,  where  it  divides  into  ascending  and  inferior  terminal  branches. 

Relations. — Behind  it  is  the  vertebral  artery  externally  and  the  longus  colli  muscle 
internally ;  the  recurrent  laryngeal  nerve  passes  either  in  front  of  or  behind  the  vessel, 
opposite  the  lower  border  of  the  thyroid  body.  It  is  covered  in  front  by  the  carotid 
sheath,  which  contains  the  common  carotid  artery,  the  internal  jugular  vein,  and  the 
vagus  nerve ;  the  middle  cervical  ganglion  of  the  sympathetic  lies  in  front  of  the  artery 
as  it  bends  inwards,  and  on  the  left  side  the  thoracic  duct  also  passes  in  front  of  it. 

Branches. — It  gives  off  the  following  branches  : — 

(a)  Mnscular. — Numerous  small  branches  pass  to  the  scalenus  anticus,  the  longus 
colli,  the  infra-hyoid  muscles,  and  the  inferior  constrictor  of  the  pharynx. 

{b)  The  ascending  cervical  branch  (a.  cervicalis  ascendens)  usually  springs  from  the 
inferior  thyroid  near  its  origin,  though  not  uncommonly  it  rises  separately  from  the  thyroid 
axis.  It  ascends  parallel  with  and  internal  to  the  phrenic  nerve,  in  the  angle  between  the 
rectus  capitis  anticus  major  and  the  scalenus  anticus,  to  both  of  which  it  gives  branches. 
It  also  gives  off  spinal  branches  which  pass  through  the  intervertebral  foramina  to  the 
spinal  canal,  and  it  anastomoses  with  branches  of  the  vertebral,  occipital,  ascending 
pharyngeal,  and  deep  cervical  arteries. 

(c)  (Esophageal  (rami  oesophagei)  are  small  branches  given  to  the  walls  of  the 
oesophagus,  which  anastomose  with  the  oesophageal  branches  of  the  thoracic  aorta. 

(d)  Tracheal  branches  (rami  tracheales)  are  distributed  to  the  trachea ;  they  anasto- 
mose with  branches  of  the  superior  thyroid  and  with  the  bronchial  arteries. 

(e)  An  inferior  larjrngeal  branch  (a.  laryngea  inferior)  accompanies  the  recurrent 
laryngeal  nerve  to  the  lower  part  of  the  larynx.  It  enters  the  larynx,  beneath  the  lower 
border  of  the  inferior  constrictor,  gives  branches  to  its  muscles  and  mucous  membrane, 
and  anastomoses  with  the  laryngeal  branch  of  the  superior  thyroid. 

(/)  The  ascending  terminal  branch  supplies  the  posterior  and  lower  part  of  the 
thyroid  body,  and  anastomoses  with  branches  of  the  superior  thyroid  artery. 

(g)  The  inferior  terminal  branch  is  distributed  to  the  lower  and  inner  part  of  the 
thyroid  body.  It  anastomoses  with  its  fellow  of  the  opposite  side  and  with  branches  of 
the  superior  thyroid  artery. 

(B)  The  transverse  cervical  artery  (a.  transversa  colli,  Figs.  620  and  622) 
runs  upwards,  outwards,  and  backwards  from  the  thyroid  axis  across  the  posterior 
triangle  of  the  neck  to  the  anterior  border  of  the  trapezius,  where  it  divides  into 
superficial  cervical  (ramus  ascendens)  and  posterior  scapular  (ramus  descendeus) 
branches.  It  is  very  variable  in  size,  and  not  infrequently  the  posterior  scapular 
arises  separately  from  the  third  part  of  the  subclavian. 

Immediately  after  its  origin,  under  cover  of  the  internal  jugular  vein,  it  crosses 

the  scalenus  anticus,  lying  superficial  to  the  phrenic  nerve  and  under  cover  of  the 

sterno-mastoid  muscle;  on  the  left  side  it  is  also  crossed  superficially  by  the  terminal 

part  of  the  thoracic  duct.     Passing  from  beneath  the  stemo-mastoid,  it  enters  the 
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lower  i)art  of  the  iX)Hterior  triangle  of  the  neck,  where  it  lias  upon  the  trunks  ul 
the  brachial  plexus,  and,  as  it  runs  upwards  and  backwards  to  its  terminatinn.  it 
passes  licneath  the  posterior  belly  of  the  onio-hyoid. 

Branches.— (")  Small  muscular  branches  to  the  surrouiiding  nuisclcs. 
(h)  The   superficial   cervical  artery   (a.    cervicalis   suporficialis),    usually  a  slendt-r 
branch,  passes  beneath  the  trapezius  ;  it  runs  upwards  over  the  levator  anguli  scapuh* 
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Via.  O-JS.— Dlsskction  cf  the  Back  uk  the  Shoildek  and  I'itku  Akm,  showing  tliv  a ii:i8tomosiiig 
vj'M^cls  on  the  (lorsniii  of  the  si'a[«jla,  uml  the  i>osl«Tior  circunitiex  ami  superior  ))rofuitiIa  arteries. 

and  u{M)n  the  splenius,  and  anastomoses  with  the  arteriu  i)rincc])s  ccrvicis,  a  branch  uf 
tlie  occipitiil  artery,  and  it  sends  branches  downwaitls  which  accompany  the  spiiul 
accessory  nerve  and  anastomose  with  the  posterior  scapular  and  suprascapular  arteries. 

(r)  Tlic  posterior  scapular  artery  descends  in  front  of  the  levator  auguli  scapular  and 

the  rhomlK)id   muscles,  close  to  the  posterior  border  of  the  scapula.     It  runs  parallel 

with,  and  a  short  distance  away  from,  the  nerve  to  the  rhomboid  muscles,  and  it  sends 

hmnchvs   into   the   supnisphious,  t\ic  \wiTO&\>\\\ov\H,  and   the   subscapukr  foesas,   which 
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anastomose  with  branches  of  the  suprascapular  and  subscapular  arteries.  It  also  sends 
branches  backwards  through  and  between  the  rhomboid  muscles,  which  anastomose  with 
the  superficial  cervical  artery  and  with  the  dorsal  branches  of  the  intercostal  arteries. 

(C)  The  supra49capular  artery  (a.  transversa  scapulae)  springs  from  the  thyroid 
axis,  and  terminates  in  the  infraspinous  fossa  of  the  scapula.  As  a  rule  it  is 
smaller  than  the  transverse  cervical  artery. 

Commencing  behind  the  internal  jugular  vein,  it  crosses  the  scalenus  aiiticus 
and  phrenic  nerve,  and  is  covered  in  front  by  the  sterno-mastoid  and  the  anterior 
jugular  vein;  on  the  left  side  it  lies  behind  the  termination  of  the  thoracic 
duct  also.  Continuing  outwards  and  backwards  behind  the  clavicle,  and  crossing 
superficially  to  the  third  part  of  the  subclavian  artery  and  the  cords  of  the  brachial 
plexus,  it  reaches  the  suprascapular  notch  and  passes  over  the  suprascapular  liga- 
ment. From  this  point  it  descends  with  the  suprascapular  nerve  through  the 
supraspinous  fossa  and  beneath  the  supraspinatus  muscle,  and  passing  through 
the  great  scapular  notch  in  front  of  the  spino-glenoid  ligament,  enters  the  infm- 
Rpinous  fossa,  where  it  anastomoses  with  the  dorsal  branch  of  the  subscapular  and 
with  branches  of  the  posterior  scapular  arteries. 

Branches. — (a)  Muscular,  to  the  sterno-mastoid,  the  subclavius,  and  the  muscles  on 
the  dorsum  of  the  scapula. 

(/>)  The  medullary,  a  small  branch  to  the  clavicle. 

(c)  The  suprasternal,  to  the  sternal  end  of  the  clavicle  and  the  stcrno-clavicular 
joint. 

(d)  Acromial  branches,  which  ramify  over  the  acromion  process,  anastomotsing  with 
the  acromial  branches  of  the  acromio-thoracic  and  the  posterior  circumflex  arteries. 

(e)  Articular,  to  the  acromio-clavicular  and  shoulder-joints. 

(/)  The  subscapular,  which  is  given  off  as  the  artery,  passes  over  the  suprascapular 
ligament.  It  passes  down  into  the  subscapular  fossa,  gives  branches  to  the  subscapularis, 
and  anastomoses  with  the  branches  of  the  subscapular  and  posterior  scapular  arteries. 

(^)  Supraspinous,  which  ramify  in  the  supraspinous  fossa,  supplying  the  muscle,  and 
anastomosing  with  the  posterior  scapular. 

(A)  Terminal  branches  ramify  in  the  infraspinous  fossa,  and  anastomose  with  the 
dorsalis  scapula;  and  with  branches  of  tlie  posterior  scapular  arter}\ 

(3)  Internal  Mammary  Artery  (a.  mammaria  interna.  Fig.  620). — This  arises 
from  the  lower  and  front  part  of  the  subclavian  at  the  inner  border  of  the  scalenus 
anticus  and  immediately  below  the  origin  of  the  thyroid  axis.  It  terminates 
behind  the  inner  extremity  of  the  sixth  intercostal  space  by  dividing  into  the 
musculo-phrenic  and  the  superior  epigastric  arteries. 

The  artery  passes  at  first  downwards,  forwards,  and  inwards,  lying  upon  the 
pleura,  and  behind  the  subclavian  vein,  the  sternal  end  of  the  clavicle,  and  the 
cartilage  of  the  first  rib:  it  is  crossed  obliquely  from  without  inwards  by  the 
phrenic  nerve,  which  usually  passes  in  front  of  it.  From  the  cartilage  of  the  first 
rib  it  descends  vertically,  about  half-an-inch  from  the  border  of  the  sternum,  and 
lies  in  the  upper  part  of  its  course  in  front  of  the  pleura,  and  in  the  lower  part  in 
front  of  the  triangularis  sterni.  It  is  covered  anteriorly  by  the  ciirtilages  of  the 
upper  six  ribs,  the  intervening  intercostal  muscles,  and  the  terminal  portions  of  the 
intercostal  nerves,  and  it  is  accompanied  by  two  vena>  comites,  whicli  unite 
together  above  and  on  its  iimer  side  to  form  a  single  trunk  which  terminates  in  the 
innominate  vein. 

Branches. — (a)  The  comes  nervi  phrenici  (a.  pericardiaco-phrenica),  or  superior 
phrenic  artery,  is  a  long  slender  brancli  which  is  given  off  from  the  upper  part  of  the 
internal  mammary.  It  accompanies  the  phrenic  nerve  through  the  superior  and  middle 
mediastinal  spaces  to  the  diaphragm,  where  it  anastomoses  with  the  inferior  phrenic  and 
musculo-phrenic  arteries.  In  its  course  downwards  the  artery  gives  off  numerous  small 
branches  to  the  pleura  and  pericardium,  which  anastomose  with  offsets  of  the  mediastinal 
and  pericardial  branches  of  tlie  aorta  and  internal  mammary  arteries,  and  also  with  the 
bronchial  arteries,  forming  the  wide-meshed  subpleural  plexus  of  Turner. 

(6)  Mediastinal  branches  (aa.  mediastinales  anteriores),  small  and  numerous,  pass  to 
the  areolar  tissue  of  the  anterior  mediastinal  space  and  supply  the  remains  of  the  thymus 
gland  and  the  sternum. 
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(r)  Pericardial. — These  are  several  small  branches  which  ramify  on  the  anterior  aspect 
of  the  pericardium. 

(//)  The  anterior  intercostal  (rami  intercostales)  are  two  in  number  in  each  of  the 
upper  six  intercostal  spaces.  They  pass  outwards  for  a  short  distance  either  between  thf 
pleura  or  the  triangularis  stenii  and  the  internal  intercostal  muscles ;  they  then  pierce 
the  internal  intercostal  muscles,  and  ramify  between  them  and  the  external  intercwtAl 
muscles,  anastomosing  with  the  aortic  and  superior  intercostal  arteries  and  their  collateml 
branches. 

(e)  The  anterior  perforating  branches  (rami  perforantes),  one  in  each  of  the  upper  $ix 
intercostal  spaces,  are  small  vessels  which  pass  forwards  with  the  intercostal  nerves, 
piercing  the  internal  intercostal  muscle,  the  anterior  intercostal  membrane,  and  the 
pectoralis  major,  to  terminate  in  the  skin  and  subcutaneous  tissue.  They  supply  tviga 
to  the  sternum,  and  those  in  the  third  and  fourth  spaces,  usually  the  largest  of  the  series, 
give  off  branches  to  the  mammary  gland. 

(/')  The  musculo-phrenic  (a.  musculo-phrenica),  or  external  terminal  branch  of  lie 
internal  mammary  artery,  runs  downwards  and  outwards  from  the  sixth  intercosUil  *:i>ace 
to  the  tenth  costiil  wirtilage.  In  the  upper  part  of  its  course  it  lies  upon  the  thoracic 
surface  of  the  diaphragm,  but  it  pierces  the  muscle  about  the  level  of  the  eighth  costal 
cartilage,  and  terminates  on  its  abdominal  surface.     Its  branches  are : — 

(i.)  Muscular,  wliieh  supply  the  diaphragm  and  anastomose  with  the  superior  and  inferior 
phrenic  arteries. 

(iL)  Anterior  intercostal  branches,  two  in  each  of  the  seventh,  eighth,  and  ninth  intoi\t*tal 
spaces ;  they  are  distributed  in  the  same  manner  as  the  wrresiwnding  branches  of  the  internal 
mammary  artery,  and  t<*rminate  by  anastomosing  with  the  aortic  intercostaLs  and  their  collateral 
branches, 

((j)  The  superior  epigastric  (a.  epigastrica  superior),  or  internal  terminal  branch  of  the 
internal  mammary  artery,  descends  into  the  anterior  wall  of  the  abdomen.  It  leaves  the 
thorax,  between  the  sternal  and  costiil  origins  of  the  diaphragm,  and  enters  the  sheath  of 
the  rectus,  lying  first  behind,  and  then  in  the  substance  of  the  rectus  muscle.  It  termi- 
nates by  anastomosing  with  branches  of  the  deep  epigastric  artery.     Its  branches  are  :— 

(1.)  Muscular,  to  the  rectus,  to  the  flat  nuiscles  of  the  abdominal  wall,  and  to  the  diaphra;.au. 

(ii.)  Anterior  Cutaneous. — These  branches  pierce  the  rectus  and  the  anterior  portion  of  iu 
sheath.  Tlioy  acxonijmny  the  anterior  terminal  branches  of  the  lower  intercostal  nerves,  aiiJ 
terminate  in  tlit*  sul>cutan<»ou8  tissues  and  skin  of  the  middle  jwrtion  of  the  anterior  abdominal 
wall. 

(iii.)  Ensiform,  a  small  branch  whi(;h  crotises  the  front  of  the  ensiform  process  to  anastomcBe 
with  its  fellow  of  tln^  opi>(»site  side.     It  supplies  the  wiiacent  muscles  and  skin. 

(iv.)  Hepatic  branches  of  small  size  }>ass  backwards  in  the  falciform  ligament  to  the  Uver, 
where  they  anastomose  with  branches  of  the  hej)atic  artery. 

(4)  Superior  Intercostal  Artery  (truucus  costo-cervicalis,  Fig.  624).— Tlit^ 
superior  intercostal  artery  springs  from  the  back  of  the  second  part  of  the  sub- 
clavian artery  on  the  right  side  and  from  the  first  part  on  the  left  sida  It  runs 
upwards  and  backwards  from  its  origin,  over  the  apex  of  the  pleural  sac,  to  the 
neck  of  the  first  rib  in  front  of  which  it  descencls,  between  the  first  thoracic 
ganglion  of  the  sympathetic  cord  and  the  first  dorsal  nerve,  to  the  first  intercostal 
space,  where  it  divides  into  two  branches  which  are  distributed  to  the  upi)er  two 
intercostal  spaces. 

Branches. — (a)  The  profunda  cervicis  (a.  cervicalis  profunda). — This  branch  some- 
times arises  from  the  subclavian  artery  directly ;  but  more  commonly  it  springs  from  the 
superior  intercostal  at  the  upper  border  of  the  neck  of  the  first  rib.  It  runs  backwards, 
like  the  dorsal  branch  of  an  intercostal  artery,  passes  between  the  first  dorsal  and  but 
cervical  nerves,  and  between  the  transverse  j)rocc88  of  the  last  cervical  vertebra  and  the 
neck  of  the  first  rib  to  the  back  of  the  neck,  where  it  ascends  between  the  complexus 
and  the  semispinalis  colli  muscle  to  terminate  by  anastomosing  with  the  deep  branch  of 
the  ])rinceps  cervicis  artery.  It  also  anastomoses  with  branches  of  the  ascending  cervical 
and  vertebral  arteries,  suj)plie8  the  adjacent  muscles,  and  sends  a  spinal  branch,  through 
the  intervertebral  fonimen  between  the  last  cervical  and  the  first  dorsal  vertebree,  into  the 
spinal  canal,  where  it  anastomoses  with  the  spinal  branches  of  the  vertebral  and  inter- 
costal arteries. 

(b)  Terminal. — The  two  terminal  branches  run  outwards — one  in  the  first  and  one 
in  the  second  intercostal  space.  Each  runs  near  the  upper  border  of  its  space,  paasing  it 
first  between  the  pleura  and  the  posterior  intercostal  menjbrane,  and  then  between  the 
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internal  and  external  intercostal  muscles.  The  branches  terminate  by  anastomosing  with 
anterior  intercostal  branches  of  the  internal  mammary  artery.  Each  gives  off  muscular 
branches  to  the  intercostal  muscles — a  nutrient  branch  to  the  rib  below  which  it  lies,  and 
a  collateral  branch  which  runs  along  the  lower  border  of  the  space  and  terminates  by 
anastomosing  with  an  anterior  intercostal  branch  of  the  internal  mammary  artery. 

THE  AXILLARY  ARTERY. 

The  axillary  artery  (a.  axillaris)  lies  in  the  axillary  space.  It  is  the  direct 
continuation  of  the  subclavian  artery,  and  it  becomes  the  brachial  artery. 

The  axillary  artery  commences  at  the  outer  border  of  the  first  rib,  at  the  apex 
of  the  axillary  space.     It  descends,  with  an  outward  inclination,  along  the  external 
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Fio.  629. — The  Axillary  Abtbry  and  its  Branches  and  Relations. 

wall  of  the  space,  i.e.  to  the  inner  side  of  the  shoulder-joint  and  the  humerus,  to    • 
the  lower  border  of  the  teres  major,  where  it  becomes  the  brachial  artery.     A  line 
drawn  from  the  middle  of  the  clavicle  to  the  inner  border  of  the  prominence  of  the 
coraco-brachialis  and  biceps  muscles,  when  the  arm  is  abducted  until  it  is  at  right 
angles  with  the  side,  indicates  the  position  and  direction  of  the  artery. 

The  position  and  direction,  however,  anTl  to  a  certain  extent  the  relations  also 
of  the  axillary  artery,  are  modified  by  changes  in  the  position  of  the  upper 
extremity.  With  the  arm  hanging  by  the  side  the  axillary  artery  describes  a 
curve  with  the  concavity  directed  downwards  and  inwards,  and  the  vein  is  to  its 
inner  side.  When  the  arm  is  at  right  angles  with  the  side,  the  axillary  artery  is 
almost  straight,  it  lies  closer  to  the  outer  wall  of  the  axilla,  and  the  vein  ovet\a.\!e» 
it  in  front  and  on  the  innet  side.     When  the  arm  is  raised  above  \>\ve  \eN^  ^1  >Jcv^ 
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shoulder  the  axillary  artery  is  curved  over  the  head  of  the  humerus,  and  the  vein 
lies  still  more  in  front  of  it. 

For  descriptive  purposes  the  arter}'  is  divided  into  three  parts :  the  first  part 
lies  above,  the  second  behind,  and  the  third  }mrt  below  the  pectoralis  minor 
muscle. 

Though  we  have  followed  the  usual  custom  in  describing  three  parts  of  the 
axillary  artery, — a  division  which  is  perhaps  of  practical  interest  in  so  far  as  it 
emphasises  the  fact  that  the  axillary  artery  is  surgically  accessible  above  the 
pectoralis  minor, — it  is  to  be  noted  that  the  upper  border  of  the  jiectoralis  minor  is 
usually  exactly  opposite  the  outer  border  of  the  first  rib,  at  the  i)oint  where  the 
axillary  artery  ])egins.  In  the  strict  sense,  therefore,  no  piirt  of  the  arterj'  is  above 
the  pectoralis  minor. 

Relations  of  the  first  part. — PoAteri(/i\ — The  first  part  of  the  artery  is  enclosed, 
together  with  the  vein  and  tlie  cords  of  the  brachial  plexus,  in  a  prolongation  of  the 
cervical  fascia  known  as  the  axiUary  sheath,  behind  which  is  the  upper  serration  of  the 
scrratus  magnus  muscle,  the  contents  of  the  first  intercostal  space,  the  inner  cord  of  the 
brachial  plexus,  the  internal  anterior  thoracic  and  the  posterior  thoracic  nerves,  the  latter 
descending  vertically  between  the  artery  and  the  scrratus  mngnus.  xinterior. — \i  is 
covered  in  front  by  the  costo-coracoid  membrane,  the  upper  part  of  which  splits  to  encloje 
the  subclavius  muscle.  The  membrane  intervenes  between  the  artery  and  the  cephalic 
vein,  the  bnuichcs  of  the  external  anterior  thoracic  nerve,  the  bnmches  of  the  acromio- 
thoracic  artery  with  their  accompanying  veins,  and  the  clavicuhir  part  of  the  pectoralis 
major  muscle,  superficial  to  which  arc  the  deep  fascia,  the  platysma,  the  desceading 
clavicular  branches  of  the  cervical  plexus,  and  the  superficial  fascia  and  the  skin.  Behind 
the  costo-conicoid  membrane  the  artery  is  crossed  by  a  loop  of  communication  l)etweeu 
the  external  and  internal  anterior  thoracic  nerves.  Lateral. — Above  and  to  the  outer 
side  are  the  outer  and  posterior  cords  of  the  brachial  plexus  and  the  external  anterior 
thoracic  nerve.  Below  and  to  the  inner  side  is  the  axillary  vein,  the  internal  anterior 
thoracic  nerve  intervening. 

Relations  of  the  second  part. — Po^teiior. — Behind  this  portion  of  the  artery  vt 
the  posterior  cord  of  the  brachial  plexus  and  a  layer  of  fascia  which  scfiarates  it  from  the 
subscapularis  muscle.  Anterior. — In  front  is  the  pectoralis  minor,  and  more  superficiallT 
the  pectoralis  major,  the  fascia?  and  skin.  Lateral. — To  the  outer  side  lies  the  outer  coid 
of  the  bmchial  plexus.  On  the  inner  side  the  inner  coni  of  the  plexus  lies  in  close  relatioD 
to  the  artery,  and  intervenes  between  it  and  the  axillary  vein. 

Relations  of  the  third  part. — Post^rio?. — The  third  jmrt  of  the  artery  rests 
l)0!steriorly  upon  the  lower  border  of  the  subscapularis,  the  latissimus  dorsi,  and  the 
teres  major.  It  is  sei)anited  from  the  fibres  of  the  subscapularis  by  the  circumflex  and 
nmsculo-spiral  nerves,  and  from  the  latissimus  dorsi  and  teres  major  by  the  miisculo- 
spinil  nerve  alone.  Anterior.  It  is  crossed  in  front  by  the  inner  head  of  the  median 
nerve.  In  its  up])er  half  it  lies  under  cover  of  the  lower  part  of  the  pectoralis  major, 
the  fascia  and  skin,  whilst  its  lower  part,  which  is  superficial,  is  covered  by  skin  and 
fascia  only.  Lateral.  To  the  outer  side  lie  the  median  and  musculo-cutaneous  nerves 
and  the  coraco-brachialis  muscle.  To  the  inner  side  is  the  axillary  vein.  The  two  vessels 
are,  however,  separated  b}-  two  of  the  chief  branches  of  the  inner  cord  of  the  brachial  plexus. 
In  the  angle  between  the  vein  and  the  artery,  and  somewhat  in  front  of  the  latter,  lies 
the  internal  cutaneous  nerve  ;  in  the  angle  behind  is  the  ulnar  nerve.  The  lesser  internal 
cutaneous  nerve  lies  internal  to  the  vein,  and  the  vena;  comites  of  the  brachial  arten' 
ascend  alonjr  the  inner  side,  to  terminate  in  the  axillary  vein  at  the  lower  border  of  the 
subscapularis  muscle. 

Branches  of  the  Axillary  Artery. 

(1)  The  superior  thoracic  (a.  thoracalis  suprema,  Fig.  629),  a  small  branch 
which  arises  from  the  first  i)art  of  the  axillarj^  at  the  lower  border  of  the  sub- 
clavius. It  runs  downwards  and  inwards  across  the  first  intercostal  space,  pierces 
the  inner  part  of  the  costo-coracoid  membrane,  and  supplies  branches  to  the  sub- 
clavius, the  pectoralis  major  and  minor,  and  to  the  scrratus  magnus  and  the  inter- 
costal muscles;  it  anastomoses  wdth  branches  of  the  suprascapular,  the  internal 
mammary,  and  the  acromio-thoracic  arteries. 

(2)  The  acromio-thoracic  (a.  thoraco-acromialis,  Fig.  629)  arises  near  the  upper 
border  of  the  pectoralis  minor,  fioni  \Xve  a^ouOi  ^a.x\»  oit  U\^  axillary  artery.     It  is  t 
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very  short  trunk,  of  considerable  size,  which  passes  forwards,  pierces  the  costo- 
coracx>id  membrane,  and  terminates  beneath  the  clavicular  portion  of  the  pectoraUs 
major  by  dividing  into  four  terminal  branches — clavicular,  pectoral,  humeral,  and 
acromiaL 

(a)  The  davicnlar  branch  (ramus  clavicularis)  is  a  long  slender  artery  which  runs 
upwards  and  inwards  to  the  stemo-clavicular  joint,  anastomosing  with  the  superior  thoracic, 
-with  branches  of  the  suprascapular,  and  with  the  first  perforating  branch  of  the  internal 
mammary  artery.     It  supplies  the  adjacent  muscles  and  the  stemo-clavicular  articulation. 

(6)  The  i)ectoral  (ramus  pectoralis),  or  thoracic,  is  a  large  branch  which  descends 
l3etween  the  two  pectoral  muscles,  to  both  of  which  it  gives  branches,  and  it  anastomoses 
-with  the  intercostal  and  long  thoracic  arteries. 

(c)  The  huneral  branch  (ramus  deltoideus)  runs  outwards  to  the  groove  between  the 
pectoralis  major  and  the  deltoid,  in  which  it  descends  by  the  side  of  the  cephalic  vein 
tx>  the  insertion  of  the  deltoid.  It  anastomoses  with  the  acromial  branch  and  with  the 
«.nterior  circumflex  artery,  and  it  gives  branches  to  the  pectoralis  major  and  deltoid 
muscles  and  to  the  skin. 

(d)  The  acromial  branch  (ramus  acromialis)  runs  upwards  and  outwards  across  the  tip 
of  the  coracoid  process  to  the  acromion,  where  it  anastomoses  with  the  last-described 
hranch,  with  the  acromial  branches  of  the  suprascapular,  and  with  the  posterior  circumflex 
arteries.     It  gives  branches  to  the  deltoid. 

(3)  The  long  thoracic  (a.  thoracalis  lateralis)  arises  from  the  second  part  of 
the  axillary,  and  descends  along  the  lower  border  of  the  pectoralis  minor  to 
anastomose  with  the  intercostal  and  subscapular  arteries,  and  with  the  pectoral 
branch  of  the  acromio  -  thoracic.  It  supplies  the  adjacent  muscles,  and  sends 
branches  to  the  outer  part  of  the  mammary  gland ;  hence  it  is  not  infrequently 
called  the  external  mammary  artery. 

(4)  The  alar  thoracic  is  only  occasionally  present  as  a  distinct  branch,  but  it 
is  frequently  represented  by  a  number  of  small  irregular  branches,  which  may 
either  arise  from  the  axillary  or  from  the  thoracic  and  subscapular  branches.  It  is 
distributed  to  the  glands  and  areolar  tissue  in  the  axilla. 

(5)  The  subscapular  artery  (a.  subscapularis)  is  the  largest  branch  of  the 
axillary  artery.  It  arises  from  the  third  part  of  the  artery,  opposite  the  lower 
border  of  the  subscapularis,  along  which  it  descends  to  the  lower  angle  of  the 
scapula  and  to  the  inner  wall  of  the  axillary  space.  It  is  accompanied  by  the 
second  or  long  subscapular  nerve ;  it  supplies  the  adjacent  muscles,  and  it  anasto- 
moses with  the  posterior  scapular,  the  suprascapular,  the  long  thoracic,  and  the 
lateral  branches  of  the  intercostal  arteries,  and  gives  off  one  named  branch,  the 
dorsaUs  scapulae. 

The  dorsalis  scapnlsB  artery  (a.  circumflexa  scapulae)  is  frequently  larger  than  the 
continuation  of  the  subscapular  artery.     It  arises  about  one  and  a  half  inches  (37  mm.) 
from    the   commencement   of   the   subscapular   trunk,  and   passes   backwards  into   the 
triangular  space  between  the  subscapularis  above,  the  teres  major  below,  and  the  long 
head  of  the  triceps  externally.     Turning  round,  and  usually  grooving  the  axillary  border 
of  the  scapula,  under  cover  of  the  teres  minor,  it  enters  the  infraspinous  fossa,  where  it 
breaks  up  into  branches  which  anastomose  with  branches  of  the  posterior  scai)ular  and 
suprascapular  arteries.     Whilst  it  is  in  the  triangular  space  the  dorsal  artery  gives  off  an 
tnfrcucapuiar  branch  which  passes  into  the  subscapular  fossa  beneath  the  subscapularis, 
and   terminates  by  anastomosing  with  the  branches  of  the  posterior  and  suprascapular 
arteries.     It  also  gives  off  in  the  same  situation  a  descending  bninch,  wliich  runs  down- 
wards to  the  lower  angle  of  the  scapula  between  tlie  teres  major  and  minor  muscles,  and 
small  branches  are  given  to  the  deltoid  and  scapular  head  of  triceps. 

(6)  The  posterior  circumflex  (a.  circumflexa  humeri  posterior)  aripes  from  the 
third  part  of  the  axillary  artery  and  passes  backwards,  accompanied  by  the  circum- 
flex nerve,  through  an  intermuscular  cleft,  the  so-called  quadrilateral  space,  wliich 
is  bounded  by  the  teres  minor  and  subscapularis  above,  the  teres  major  below,  the 
long  head  of  the  triceps  internally,  and  the  humerus  externally.  It  turns  round 
the  surgical  neck  of  the  humerus  under  cover  of  the  deltoid  muscle,  and  terminates 
in  numerous  branches  which  supply  the  deltoid.  As  a  rule  it  is  an  artery  of  large 
size,  only  slightly  smaller  than  the  subscapular. 
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Branches. — (a)  Moscular  to  the  teres  major  and  minor,  the  triceps  heads,  loDg 
and  external,  and  the  deltoid ;  (b)  An  acromial  branch,  which  asceuds  to  the 
acromial  i)roceHs,  where  it  anastomoses  with  the  acromial  branches  of  the  suprascspulir 
and  the  acroinio-thomcic  arteries;  (c)  A  descending  branch,  which  runs  downwards  along 

the  external  head  of  the  triceps  to  anastomoee 
with  the  superior  profunda  artery;  (d) 
Articular  to  the  shoulder-joint ;  (e)  HutiieBt 
to  the  head  of  the  humerus ;  (/)  Terminal, 
which  supply  a  large  portion  of  the  deltoid,  aiid 
anastomose  with  the  anterior  circumflex  and 
acromio-thoracic  arteries, 

(7)  The  anterior  circumflex  artery  (a. 

circumflexahunierianterior)  isa  small  branch 
which  is  given  oiY  from  the  tliird  part  of  the 
axillary  close  to,  or  in  common  with,  the 
posterior  circumflex.  It  i>asses  outwards 
behind  the  coraco-brachialis  and  the  two 
heads  of  the  biceps,  round  the  front  of  the 
surgical  neck  of  the  humerus,  and  terminates 
by  anastomosing  with  the  jKisterior  circum- 
flex. At  the  bicipital  groove  it  gives  a  well- 
marked  ascending  bicipital  branch  which 
ascends  along  the  long  head  of  the  biceps, 
supplying  the  sheath  of  the  tendon,  ajid 
giving  branches  to  the  shoulder-joint.  It 
also  gives  muscular  branches  to  the  adjacent 
muscles,  one  of  which  descends  along  the 
tendon  of  insertion  of  the  pectoralis  major. 
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^  Bleeps  rpjjj;  BEACH  I AL  ARTERY. 

The  brachial  artery  (a.  brachialis,  is 
the  direct  continuation  of  the  axillary.  It 
commences  at  the  lower  border  of  the  lereB 
major,  and  terminates  in  the  ante-cubital 
fossa  at  the  level  of  the  neck  of  the  radius, 
by  dividing  into  the  radial  and  ulnararterien 

The  g(»neral  course  of  the  brachial  arteiy 
is  downwards  and  outwards,  along  the  inner 
side  of  the  arm.  Its  ^Kisition  may  be  in- 
dicated on  the  surface  by  a  line  drawn  from 
tlie  lower  part  of  tlie  axilkry  space  at  the 
junction  of  its  anterior  and  middle  thirds  to 
the  centre  of  the  bend  of  the  elbow. 

Relations. — PosUrior. — 1 1  lies  succeaBTeW 
in  front  of  the  long  head  of  the  triceps^  the 
musculo-spiral  nerve  and  the  superior  profundi 
artery  intervening,  the  internal  head  of  the 
triceps,  the  insertion  of  the  coraco-brachialis 
and  the  brachialis  anticim.  Anterior. — It  is  overlapped  iv  front  by  the  inner  border  of  the 
biceps,  is  crossed  at  its  centre  by  the  median  nerve,  and  in  addition  is  covered  b}-  deep  and 
superficial  fascia  and  by  skin.  In  the  ante-cubital  fossa  a  thickened  portion  of  the  deep 
fascia,  the  semilunar  or  bicipital  fascia,  separates  it  from  the  median  basilic  vein  and  the 
anterior  braJich  of  the  internal  cutaneous  nerve,  both  of  whicli  lie  in  the  superficial  fas» 
Lateral — To  the  outer  $idf  it  is  in  relation  alx)ve  witli  the  median  nen'c,  and  below  witb 
the  biceps.  To  the  inner  side  it  is  in  relation  in  the  upper  part  of  its  extent  with  the 
basilic  vein,  the  internal  cutaneous,  lesser  internal  cutaneous,  and  ulnar  nerves,  and  ii 
the  lower  part  with  the  median  nerve.  Two  venic  comites,  one  on  each  aide,  acc(»n|MDJ 
the  artery,  and  communications  between  these  pass  across  the  vessel. 


Fio.  630.— Tbe  Brachial  Artkrt  an'd  its 
Branches. 
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Branches  of  the  Bbachial  Artery. 

(1)  The  superior  profanda  (a.  profunda  brachii)  is  a  large  branch  which 
arises  from  the  inner  and  back  part  of  the  brachial  soon  after  its  commencement. 
It  runs  downwards  and  outwards,  with  the  musculo-spiral  nerve,  in  the  musculo- 
spiral  groove,  and  divides  at  the  back  of  the  humerus  into  two  terminal  branches, 
the  anterior  and  the  posterior.  Not  infrequently  this  division  takes  place  at  a 
higher  level,  and  the  artery  appears  double.  The  anterior  terminal  brancli 
accompanies  the  musculo-spiral  nerve  through  the  external  intermuscular  septum, 
and  descends  between  the  supinator  longus  and  the  brachialis  anticus  to  the  front 
of  the  external  condyle,  where  it  anastomoses  with  the  radial  recurrent  artery. 
The  posterior  terminal  branch  descends  behind  the  external  intermuscular  septum, 
and  anastomoses  behind  the  external  condyle  with  the  posterior  interosseous 
recurrent  artery  and  with  the  anastomotic  artery. 

Whilst  they  are  lying  at  the  back  of  the  humerus  one  of  the  terminal  branches 
gives  off — (a)  a  slender  twig,  which  descends  in  the  substance  of  the  internal  head 
of  the  triceps  to  the  back  of  the  elbow,  where  it  anastomoses  with  tlie  anastomotic 
artery ;  (6)  a  nutrient  branch,  which  enters  a  foramen  on  the  posterior  surface  of  the 
humerus ;  and  (c)  an  ascending  branch,  which  anastomoses  with  the  descending 
branch  of  the  posterior  circumflex  artery. 

(2)  Muscular  branches  are  given  to  the  biceps,  coraco-brachialis,  brachialis 
anticus,  triceps,  and  pronator  radii  teres. 

(3)  Nutrient. — A  small  artery  which  arises  from  the  middle  of  the  brachial  and 
enters  the  nutrient  foramen  on  the  inner  side  of  the  shaft  of  the  humerus. 

(4)  The  inferior  profunda  (a.  collateralis  ulnaris  superior)  is  smaller 
than  the  superior  profunda,  with  which  it  sometimes  rises  by  a  common  trunk  ; 
usoaUy,  however,  it  springs  from  the  inner  and  back  part  of  the  middle  of  the 
brachiaL  It  runs  downwards  and  backwards,  with  the  ulnar  nerve,  through  the 
internal  intermuscular  septum,  and  then,  descending  more  vertically,  reaches  the 
back  of  the  internal  condyle  of  the  huiuerus,  where  it  terminates  by  anastomosing 
with  the  posterior  and  anterior  ulnar  recurrent  and  anastomotic  arteries. 

(5)  The  anastomotic  (a.  collateralis  ulnaris  inferior)  rises  from  the  inner 
side  of  the  brachial  artery  about  two  inches  (50  mm.)  above  its  termination. 
It  runs  inwards  behind  the  median  nerve  and  in  front  of  the  brachialis  anticus,  it 
then  pierces  the  internal  intermuscular  septum,  and  turns  outwards  between  the 
inner  head  of  the  triceps  and  the  posterior  surface  of  the  bone  to  the  external  con- 
dyle. It  supplies  the  adjacent  muscles  and  anastomoses,  in  front  of  tlie  internal 
condyle,  vrith  the  anterior  ulnar  recurrent,  behind  the  internal  condyle  witli  tlie 
posterior  ulnar  recurrent  and  the  inferior  profunda,  at  the  middle  of  the  back  of  the 
humerus  with  a  branch  of  the  superior  profunda,  and  behind  the  external  condyle 
with  the  posterior  terminal  branch  of  the  superior  profunda  and  the  posterior  inter- 
osseous recurrent  artery. 

The  Radial  Artery. 

The  radial  artery  (a.  radiahs.  Figs.  631,  632,  and  633)  is  the  smaller  of  the 
two  terminal  branches  of  the  brachial  artery,  but  it  is  the  more  direct  continuation 
of  the  parent  trunk.  It  commences  in  the  ante-cubital  fossa  opposite  the  neck  of 
the  radius,  and  terminates  in  the  palm  of  the  hand,  by  anastomosing  witli  tlie 
deep  branch  of  the  ulnar  artery,  and  thus  completing  the  deep  palmar  arch. 

The  trunk  is  divisible  into  three  parts. 

The  first  part  lies  on  the  front  of  the  forearm.  It  runs  downwards  and  some- 
what outwards  to  the  apex  of  the  styloid  process  of  tlie  radius.  Tlie  second  part 
curves  round  the  outer  side  of  the  wrist  and  across  the  back  of  the  trapezium  to 
reach  the  proximal  end  of  the  first  interosseus  space.  The  third  part  passes 
forwards  through  the  first  interosseous  space  to  the  palm  of  the  hand,  where  it 
joins  the  deep  branch  of  the  ulnar  artery. 

Relations  of  the  first  part. — Posterior. — It  passes  successively  in  front  of  the 
following  structures :  the  tendon  of  insertion  of  the  biceps,  the  supinator  brevis,  the 
pronator  radii  teres,  the  radial  portion  of  the  flexor  sublimis  digitoruni,  the  flexor  longus 
pollicis,  the  pronator  quadratus,  and  the  anterior  ligament  of  the  wrist-joint.     Anterhr. — 


832 


THE  VASCULAR  SYSTEM. 


Hrachiil  lU-terf — 


MLLSCIllO-ilpiirAl 

lia<lial  reeurrebt 
orUry 

KQtJCUl 

SupinattT  tnrBvi*! 
Rulittl  n  curmnt 


Supinator  breri* 


Flexor  rabUmlA 

digUunun 

HadMt 'artery 


Ulnar  artery 


Vb'.xnr  lui 


Siipei 


H  ulialJM  iTiUicit 
artery 


nar  artery 


^upt'rtlcial 
[hMliiiar  arch 


Digital 
arterien 


631.— SrPEIlKIClAL    DlS.SK(TION     OK    THE      FkONT     OF 

THK  FoiiKAiiM  AND  Hand,  sliowiug  tlic  raiUal  unil 
ulnar  arteries  niul  tlie  .sii(>erticial  palmar  arch  with  its 
l>raii('lie:i. 


The  artery  is  overlapped  in  the  upj)or  half  by  the  anterior  border  of  the  supiuator  longoi*: 
in  the  remainder  of  its  extent  it  is  covered  only  by  skin  and  fascia.  Lateral. — To  tLc 
outer  m'lie  is  the  brachio-nidialis,  or  supinator  longus,  and  the  radial  nerve.     This  latter 

lies  quite  near  to  the  artery  iuiU»  midd]v 
third.  To  the  m?t<T  side  is  the  proiiaU'r 
radii  teres  above  and  the  flexor  eaqii 
radialis  below.  Two  vcnee  comites,  one 
on  each  side,  accompany  the  artery. 

Branches  of  the  first  part— 
(1)  The  radial  recurrent  (a.  recurreiL^ 
i-adialis)  arises  in  the  ante-cubital  fobsu. 
It  springs  from  the  outer  side  of  the 
radial  in  front  of  the  supinator  brevis. 
It  nuis  outwards,  passes  between  the 
radial  and  posterior  in  terosseousuorvi.*. 
and  then  ascends  to  the  external  cun- 
dyle  of  the  humerus,  where  it  aiuutrh 
moses  with  theanterior  terminal  brancb 
of  the  superior  profunda.  The  ndiil 
recurrent  supplies  numerous  muscukr 
branches  to  the  supinator  longus,  tht 
supinator  brevis,  the  extensor  csipi 
radialis  longior,  and  the  extensor  carpi 
radialis  brevior.  ' 

(2)  Muscular  branches  (rami  mu» 
culares)  to  the  muscles  on  the  radial  sidi* 
of  the  anterior  a8|>cct  of  the  forearm. 

(3)  The  superflcialis  rolie  (^lmu^ 
volaris  superficial  is.  Fig.  631)  is  ;i 
slender  vessel  which  arises  a  short 
distiince  above  the  wrist  and  ruiu> 
downwards  across  the  ball  of  the 
thumb.  It  usualh'  pierces  the  suptr- 
ficial  muscles  of  the  thenar  eminouct. 
and  terminates  either  in  their  suU 
stance  or  by  uniting  with  the  uln^r 
artery  and  completing  the  superficiiil 
palmar  arch  of  the  hand. 

(4)  An  anterior  radial  caipal 
branch  (ramus  carpeus  volaris)  pat>»t<* 
inwards  beneath  the  flexor  tendons  aiid 
their  synovial  sheaths,  and  crosses  the 
anterior  carpi  1  ligaments.  It  ana»to 
moses  with  the  anterior  carpal  braiieh 
of  the  ulnar  artery  to  foiiu  the  anterior 
car^Mil  arch,  and  it  receives  commuDi- 
Ciitions  from  the  anterior  intero88eau> 
artery  and  from  the  deep  palmar  azvh. 

Relations  of  the  second  part 
— As  it  curves  round  the  outer  side 
and  the  back  of  the  wrist^  the  radial 
artery  lies  upon  the  external  lateral 
ligament  of  the  intercarpal  joint  and 
uf)on  tiie  back  of  the  trapezium.  It 
is  crossed  by  the  extensor  ossb  meta- 
Fnj.  631.— srPEiiKiciAL  Dis.sK(TioN    OK  THE    Fkont   OF      Ciirpi     pollicis,    the    extensor    breTi> 

pollicis,  and  the  extensor  longus  poi- 
licis;  more  superhcially  it  is  covered 
by    fascia,    in   which   are   some  fig- 
ments of  the  radial  nerve  and  the  commencement  of  the  nuiial  vein,  and  by  skin. 

Branches  of  the  second  part — (1)  Dorsales  Pollicig. — Two  small  arteries  which 
run  along  the  l^orders  of  the  dorsal  aspect  of  the  thumb ;  they  supply  the  skin,  tendons, 
and  joints,  and  aujtstomose  with  the  palmar  digital  arteries. 


THE  RADIAL  ARTERY. 


sails  TnfllcTft. — A  slender  artery  which  runs  downwards  on  the  ulnar  head  of 
real  interosseous  muscle  and  along  the  dorsal  aspect  of  the  radial  border  of  the 


Btcepfr 


(4)  The  metacarpal  or  first 
rosseons  and  posterior  radial 
3  by  a  common  trunk  which 
leath    the    extensor    longus 

letacarpal  branch  (a.  metacarpea 
^endfi  on  the  dorsal  aspect  of  the 
I  interosseous  muscle,  and  divides 

heads  of  the  metacarpal  bones 
ital  branches  which  supply  the 
ies  of   the  index  and  middle 

The  posterior  carpal  branch 
3us  doisalis)  runs  inwards  on  the 
I  ligaments,  and  in  front  of  the 
idons,  to  anastomose  with  the 
rpal  branch  of  the  ulnar  artery, 
lete  the  dorsal  carpal  arch  which 
i  terminations  of  the  anterior 
or  interosseous  arteries.  The 
I  arch  gives  off  the  second  and 

interosseous  arteries  (aa.  meta- 
Ies),  which  descend  on  the  dorsal 
he  third  and  fourth  dorsal  in- 
auscles  as  far  as  the  heads  of 
pal  bones,  where  each  divides 
.nches  (aa.  digitales  dorsales),  for 
.  sides  of  the  third  and  fourth 
th  and  fifth  fingers  respectively, 
rsal  interosseous  artery  is  con- 
I  the  deep  palmar  arch  by  a 
rforating  branch  which  passes 
J  upper  part  of  the  correspond- 
eous  space,  and  with  a  digital 
.  the  superficial  palmar  arch  by 
terfbratmg  brancn  which  passes 

lower  part  of  the  space. 

ons  of  the  third  part. — 

)art  of  the  radial  artery  passes 
etween  the  two  heads  of  the 

interosseous  muscle  to  reach 
here  it  turns  inwards  beneath 
part  of  the  oblique  adductor 
the  thumb,  and,  after  passing 
e  upper  fibres  of  the  tranverse 
r  between  the  adjacent  borders 
uc  and  transverse  adductors,  it 

the  deep  branch  of  the  ulnar 
pleting  the  deep  palmar  arch, 
hes  of  the  third  part. — 
rinceps  pollicis  (a.  princeps 
mch  is  given  off  as  soon  as  the 
py  enters  the  palm.  It  runs 
in  front  of  the  first  metacarpal 
)en  the  oblique  adductor  and 
ns  pollicis,  and  under  cover  of  Fio. 
3xor  tendon,  and  divides  near 
jnd  of  the  bone  into  collateral 
rhich  run  along  the  sides  of 
and  anastomose  with  the  dorsales  pollicis  arteries. 

3  radialis  indicis  (a.  volaris  indicis  radialis)  is  a  branch  which  descends 
e  ulnar  head  of  the  first  dorsal  interosseous  muscle  and  the  transverse  adductor 
mb.  It  runs  along  the  radial  side  of  the  index-finger  to  its  tip,  supplying  the 
asues  ;  not  uncommonly  it  anastomoses  with  the  superficial  palmar  arch. 
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632.  —  Dbbp  Dissection  of  the  Front  of  thb 
Forearm  and  Hand,  Hhowing  the  radial  and  ulnar 
arteries  and  their  branches  and  the  deep  palmar  arch 
and  its  branches. 
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The  Ulnar  Artery. 


The  ulnar  artery  (a.  ulnaris,  Figs.  631  and  632)  is  the  larger  terminal  branch,  but 
the  less  dii'ect  continuation  of  the  brachial  artery.  It  commences  in  the  ante-cubital 
fossa,  opposite  the  neck  of  the  radius,  and  teiminates  in  the  palm  of  the  hand, 
where  it  anastomoses  with  the  superficialis  vola3  to  form  the  superficial  palmar  arch. 

From  its  origin  it  runs  obliquely  downwards  and  inwards,  beneath  the  muscles 
arising  from  the  internal  condyle,  to  the  junction  of  the  upper  and  middle  thirds  of 
the  forearm,  where  it  comes  into  relation  witli  the  ulnar  nerve ;  it  then  descends 
vertically,  on  the  radial  side  of  the  ulnar  nerve,  to  the  wrist,  crosses  in  front  of  the 
main  part  of  the  annular  ligament  to  the  radial  side  of  the  pisiform  bone,  and 
enters  the  palm  of  the  hand  to  form  the  main  part  of  the  superficial  palmar  arch. 

Relations. — Posterior, — From  above  downwards  it  lies  in  front  of  the  lower  part  of 
the  braehialis  anticus,  the  flexor  profundus  digitorum,  and  the  deep  portion  of  the  anterior 
annular  ligament.  Anterior. — In  front  it  is  crossed,  in  the  oblique  j)art  of  its  course,  bj 
the  pronator  radii  teres,  the  median  nerve,  which  is  separated  from  the  artery  by  the  deep 
head  of  the  pronator,  the  flexor  sublimis  digitorum,  the  flexor  carpi  radialis,  and  the 
pal  maris  longus.  In  the  middle  third  of  the  forearm  it  is  overlapped  by  the  anterior 
border  of  the  flexor  carpi  ulnaris,  and  in  the  lower  third  it  is  covered  by  skin  and  fascia 
only.  A  short  dist^ince  above  the  wrist  the  palmar  cutaneous  branch  of  the  median  nerre 
lies  in  front  of  it,  and  as  it  crosses  the  anterior  annular  ligament,  it  is  bound  down  by  a 
fascial  expansion  from  the  tendon  of  the  flexor  carpi  ulnaris.  Two  venae  c<}mite8y  which 
fre(iuently  communicate  with  one  another,  lie  one  on  either  side  of  the  artery.  Lateral.^ 
On  the  radial  side  there  is  also,  in  its  lower  two-thirds,  the  flexor  sublimis  digitorum. 
On  its  ulnar  side  there  are  the  flexor  carpi  ulnaris  and  the  ulnar  ner\'e. 

Branches. — (1)  The  anterior  ulnar  recurrent  is  a  small  branch  which  arises  in  the 
ante-cubital  fossa,  frequently  in  common  with  the  posterior  ulnar  recurrent.  It  passea 
upwards  to  the  front  of  the  internal  condyle,  under  cover  of  the  pronator  radii  teres,  and 
anastomoses  with  branches  of  the  anastomotic  and  inferior  profunda  arteries. 

(2)  The  posterior  ulnar  recurrent  branch,  larger  than  the  anterior,  arises  in  the 
ante-cubital  fossa,  from  the  inner  side  of  the  ulnar  artery,  and  ascends  on  the  braehialis 
anticus,  and  under  cover  of  the  muscles  which  rise  from  the  internal  condyle  to  the  back 
of  that  prominence,  where  it  passes  between  the  humeral  and  olecranoid  heads  of  the 
flexor  carpi  ulnaris,  and  anastomoses  with  the  inferior  profunda  and  anastomotic  arteries. 
It  gives  branches  to  the  adjacent  muscles  and  to  the  elbow-joint. 

(3)  The  common  interosseous  artery  (a.  interossea  communis),  a  short  trunk  which 
springs  from  the  outer  and  back  part  of  the  ulnar  arter}'  in  the  lower  part  of  the  ante- 
cubital  fossa.  It  passes  backwards  towards  the  upper  border  of  the  interosseous  membrane, 
and  divides  into  anterior  and  posterior  interosseous  branches. 

(3a)  The  anterior  interosseous  artery  (a.  interossea  volaris)  descends  in  front  of  the 
interosseous  membrane,  between  the  adjacent  borders  of  the  flexor  longus  pollicis  and  the 
flexor  profundus  digitorum,  to  the  upper  border  of  the  pronator  quadratus,  where  it  pierces 
the  interosseous  membrane,  and  continues  its  descent,  first  on  the  posterior  surface  of  the 
membrane,  under  cover  of  the  extensor  longus  pollicis  and  extensor  indicia,  and  then  oo 
the  radius,  in  the  groove  for  the  extensor  communis  digitonim,  and  it  terminates  on  the 
back  of  the  carpus  in  the  posterior  carpal  arch.  It  is  accompanied  whilst  in  front  of  the 
interosseous  membrane  by  the  anterior  interosseous  nerve,  and  after  it  has  pierced  the 
membrane,  by  the  posterior  interosseous  nerve. 

Branches.— (a)  Nutrient  to  the  ladiut*  and  ulna;  (6)  Mnscnlar  to  the  adjacent  muficlc«; 
(c)  The  anterior  communicating,  a  slender  l^ranch  which  descends  behind  the  pronator  quadratus 
and  in  front  of  the  interosseous  membrane  to  anastomose  with  the  anterior  carpal  anh; 
(^0  ^Small  anastomotic  branches  are  given  off  at  the  hack  of  the  forearm  to  anastomose  with  the 
]>osteri()r  interosseous  artery ;  (c)  The  comes  nervi  mediani  (a.  niediana)  is  a  long  slender  branch 
which  rises  fi-om  the  upper  part  of  the  artery  and  defends  in  the  front  of  the  median  nerve  to 
the  palm,  wheiv  it  anas? tome »s<>s  with  recurrent  branches  of  the  superficial  palmar  arch. 

(36)  The  posterior  interosseous  trunk  (a.  interossea  dorsal  is)  is  usually  smaller  than 
the  anterior  interosseous.  It  passes  backwards  between  the  upper  border  of  the  inter- 
osseous membrane  and  the  oblique  ligament,  and  then  between  the  supinator  brevia  and 
the  extensor  ossis  metacarpi  pollicis,  after  which  it  descends  between  the  superficial  and 
deep  muscles  on  the  back  of  the  forearm  to  the  wrist,  where  it  anastomoses  with  Utf 
anterior  interosseous  artery  and  with  the   posterior  carpal   arch.      As   it   oroosei  Utf 
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ex  tensor  oasis  metacarpi  pollicis  it  is  accompanied  by  the  posterior  interosHcous  nerve, 
but  in  the  remainder  of  its  course  it  is  separated  from  the  nerve  by  the  deep  muscles. 

Braiiche&— (a)  A  posterior  interosseous  recurrent  (a.  interoesea  recurrenB)  bran(!li  is  given  off 
as  soon  as  the  posterior  interoeseoos 
artery  has  nassed  beneath  the  lower 
border  of  tne  supinator  brevis.  It 
ascends  on  the  posterior  surfjEice  of 
the  supinator  brevis,  under  cover 
of  the  anconeus,  to  the  back  of  the 
external  condyle  of  the  humerus, 
where  it  anastomoses  with  the 
posterior  terminal  branch  of  the 
superior  profunda  and  with 
branches  of  the  anastomotic  artery. 
(6)  Muscular  branches  to  both  super- 
ficial and  deep  muscles  on  the  back 
of  the  forearuL  (r)  Cutaneous 
branches  to  the  skm  on  the  back  of 
the  forearm  and  the  back  of  the 
wrist 


Ancoimitit 


(4)  The  anterior  ulnar  carpal 
(ramus  carpeus  volaris),  a  small 
branch  given  off  above  the  an- 
terior annular  ligament ;  it  passes 
outwards  beneath  the  flexor  ten- 
dons and  their  sheaths  on  the 
anterior  surface  of  the  carpal 
ligaments,  and  anastomoses  with 
the  anterior  carpal  branch  of  the 
radial  to  form  the  anterior  carpal 
arch. 

(5)  Theposteriornlnarcarpal 
branch  (ramus  carpeus  dorsalis) 
arises  from  the  back  of  the  inner 
side  of  the  ulnar  artery  just 
above  the  pisiform  bone.  It 
passes  backwards  under  cover 
of  the  flexor  and  extensor  carpi 
ulnaris  muscles  to  the  back  of 
the  carpus,  where  it  unites  with 
the  posterior  carpal  branch  of 
the  radial  to  form  the  posterior 
carpal  arch. 

(6)  Profunda  (ramus  volaris 
profundus). — This  branch  de- 
scends between  the  abductor  and 
flexor  brevis  minimi  digiti,  and, 
turning  outwards  beneath  the 
flexor  brevis,  theopponens  minimi 
digiti,  and  the  flexor  tendons  and 
their  sheaths,  joins  the  termina- 
tion of  the  radial  artery  to  com- 
plete the  deep  palmar  arch. 
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Fio.  633. — The  Posteriok  iNTSRas^iBOUS  Aktbry  and  thb 
Second  Part  of  the  Radial  Artery,  with  thur  Branches. 


Anterior  Oarpal  Arch 
(Fig.  632).  — The  anterior 
carpal  arch  lies  on  the  front  of  the  carpu8  behind  the  flexor  tendons  and  their 
syiiovlal  sheaths.  It  is  formed  by  the  union  of  thj  anterior  carpal  branches  of  the 
radial  and  ulnar  arteries,  and  it  receives  ths  communicating  branch  from  the 
anterior  interosseous  arterj  above  and  recurrent  branches  from  tU^  d^^^  ^^^tci^t 


836  THE  VASCULAE  SYSTEM. 

arch  below.  The  branches  of  distribiitiou  which  pass  from  it  supply  the  ligaments 
and  synovial  membranes  of  the  wrist  and  of  the  intercarpal  and  carpo-metacarpal 
joints. 

Posterior  or  Dorsal  Carpal  Arch  (Fig.  633). — This  arch  lies  on  the  posterior 
carpal  ligaments  under  cover  of  the  extensor  tendons  and  their  sheaths.  It  is 
formed  by  the  union  of  the  dorsal  carpal  branches  of  the  radial  and  ulnar  arteries, 
and  receives  the  terminations  of  the  anterior  and  posterior  interosseous  arteries. 

Branches. — {a)  Articular  to  the  adjacent  articulations.  (6)  Dorsal  interosaeoin, 
two  slender  bninehes  which  run  downwards  on  the  third  and  fourth  dorsal  interosseous 
muscles  to  the  clefts  of  the  fingers,  where  each  divides  into  collateral  branches.  They 
commimicute  near  their  origins  with  the  deep  palmar  arch  by  the  superior  perforating 
arteries,  and  near  their  terminations  with  the  palmar  digital  vessels  through  the  inferior 
perforating  arteries.  Their  collateral  terminal  branches  run  downwards  on  the  dono- 
lateral  aspects  of  the  fingers  which  bound  the  third  and  fourth  interosseous  spaces,  and 
they  anastomose  with  the  collateral  digital  branches  of  the  palmar  digital  arteries. 

Superficial  Palmar  Arch  (arcus  volaris  superficialis,  Fig.  631). — This  arterial 
arch  includes  the  terminal  portion  of  the  ulnar  artery,  and  is  usually  completed 
externally  by  the  superficialis  volse,  or  sometimes  by  the  radialis  indicis,  or  the 
princeps  pollicis.  It  extends  from  the  ball  of  the  little  finger  to  the  inner  border 
of  the  superficial  head  of  the  flexor  brevis  pollicis,  and  reaches  as  low  down  as  a 
line  drawn  across  the  palm  at  the  level  of  the  lower  border  of  the  fully  abducted 
thumb.  It  is  covered  by  the  integuments  and  the  central  portion  of  the  palmar 
fascia,  and,  on  the  ulnar  side  of  the  palm,  by  the  palmaris  brevis,  and  it  is 
accompanied  by  vente  comites.  It  is  in  cont6W5t  behind  with  the  flexor  brevis  and 
opponens  minimi  digiti,  and  with  the  digital  branches  of  the  ulnar  and  median 
nerves,  as  well  as  with  the  flexor  tendons  and  the  lumbrical  muscles. 

Branches. — Four  digital  arteries  (aa.  digi tales  volares  communes)  arise  from  the 
convexity  of  the  arch.  The  innermost  descends  ahmg  the  ulnar  border  of  the  little  finger, 
accompanied  by  the  internal  digital  branch  of  the  ulnar  nerve ;  the  outer  three  pass  down- 
wards superficial  to  the  digitul  nerves,  along  the  middle  of  the  three  inner  intcrosseoiu 
spaces  towards  the  interdigital  clefts,  just  above  wliich  each  digital  artery  divides  into 
two  collateral  digital  arteries  (tia.  digitales  volares  propria)),  which  supply  the 
contiguous  sides  of  the  fingers  boimding  the  cleft.  As  the  collateral  digital  branches 
descend  along  the  sides  of  the  fingers  they  lie  superficial  to  the  corresponding  digital 
nerves,  and  supply  branches  to  the  joints,  to  the  flexor  tendons  with  their  sheaths,  and  to 
the  skin  and  subcutaneous  tissues  on  the  palmar  surface ;  they  also  send  backwards  doTBal 
branches  which  anastomose  with  the  dorsal  digital  arteries  and  supply  the  tissues  on  tlie 
dorsal  aspects  of  the  second  and  terminal  phalanges.  Some  of  the  backwardly-directed 
branches  form  a  plexus  in  the  matrix  of  the  nail.  In  the  pulp  of  the  finger-tips  anasto- 
luosing  twigs  join  to  form  arches  from  which  numerous  branches  are  given  ofF  to  the  skin 
and  subcutaneous  fat. 

Each  of  the  outer  three  digital  arteries  is  joined  immediately  above  its  division  bv  a 
palmar  interosseous  branch  from  the  deep  palmar  arch  and  an  inferior  conununicating 
artery  from  a  dorsal  interosseous  artery.  The  innermost  digital  artery  is  joined  by  a 
branch  which  comes  either  from  the  inner  palmar  interosseous  artery  or  from  the  deep 
palmar  arch. 

Deep  Palmar  Aroh  (arcus  volaris  profundus,  Fig.  632). — The  deep  palmar 
arch  extends  from  the  base  of  the  metacarpal  bone  of  the  little  finger  to  the  upper 
end  of  the  first  interosseous  space,  and  is  formed  by  the  terminal  part  of  the  radial 
artery,  anastomosing  with  the  deep  branch  of  the  ulnar.  It  is  from  half  to  three 
quarters  of  an  inch  (12  to  18  muL)  above  the  level  of  the  superficial  palmar  arch,and 
it  lies  deeply  in  the  x^lui,  in  contact  with  the  l>ases  of  the  metacarpal  bones  and 
their  ligaments  and  on  the  origin  of  the  interossei  muscles ;  it  is  under  cover  of  the 
flexor  tendons  and  their  synovial  sheaths. 

Branches. — {'i)  The  superior  perforating  (rami  perforantes) ;  three  small  arteiitt 
which  pass  backwards  through  the  inner  three  interosseous  spaces,  and  between  theorigim 
of  the  dorsal  interossei  muscles.  They  anastomose  on  the  dorsum  of  the  hand  with  the 
dorsal  interosseous  arteries. 
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(b)  Small  irregular  recurrent  branches  pass  upwards  and  unite  with  the  anterior 
carpal  arch. 

(c)  The  articular  to  the  adjacent  articulations. 

(ct)  The  palmar  interosaeons  arteries  (aa.  metacarpeae  volares)  are  three  vessels  which 
pass  downwards  on  the  interosseous  muscles  of  the  three  inner  spaces  and  under  cover  of 
the  flexor  tendons.  They  terminate  by  anastomosing  with  the  palmar  digital  arteries  just 
before  the  latter  vessels  divide  into  collateral  branches. 

(e)  The  communicating,  a  small  irregular  branch  which  passes  inwards  between  the 
flexor  tendons  and  the  short  muscles  of  the  little  finger  to  anastomose  with  the  innermost 
palmar  digital  artery. 

BRANCHES  OF  THE  DESCENDING  THORACIC  AORTA. 

The  branches  given  off  from  the  thoracic  portion  of  the  descending  aorta  are 
distributed  chiefly  to  the  walls  of  the  thorax  and  to  the  thoracic  viscera.  They 
contribute  also  to  the  supply  of  the  spinal  cord  and  its  membranes,  and  to  that 
of  the  vertebral  column  and  of  the  upper  part  of  the  abdominal  wall.  The 
branches,  which  are  numerous  and  for  the  most  part  arranged  in  pairs,  are  as 
follows : — 


Parietal 


'Intercostal. 

Subcostal.  Visceral. 

Diaphragmatic. 

The  vas  aberrans. 


Bronchial. 
(Esophageal. 
Pericardial. 
Mediastinal. 


Parietal  Branches  of  the  Descending  Thoracic  Aorta. 

1.  Intercostal  Artdries  (a.  intercostales).  —  There  are  niQe  pairs  of  aortic 
intercostal  arteries.  They  usually  arise  separately,  though  not  uncommonly 
a  pair  may  take  origin  by  a  common  trunk  from  the  back  of  the  aorta,  and 
are  distributed  to  the  lower  nine  intercostal  spaces,  to  the  spinal  column,  to 
the  contents  of  the  spinal  canal,  and  to  the  muscles  and  skin  of  the  back. 
The  first  three  on  each  side  also  give  branches  to  the  mammary  gland. 
The  arteries  of  opposite  sides  closely  correspond,  but,  since  the  aorta  in  the 
thoracic  region  lies  on  the  left  side  of  the  spinal  column,  the  right  intercostal 
arteries  cross  the  front  of  the  vertebral  column,  behind  the  oesophagus,  the  thoracic 
duct,  and  the  vena  azygos  major,  and  are  longer  than  the  left  arteries.  In  other 
respects  the  course  of  all  the  aortic  intercostal  arteries  is  almost  identical  They 
run  outwards  and  backwards  on  the  sides  of  the  bodies  of  the  vertebrae  to  the  inter- 
costal spaces,  passing  behind  the  pleura,  and  being  crossed,  opposite  the  heads  of 
the  ribs,  by  the  sympathetic  cord.  The  lower  arteries  are  also  crossed  by  the 
splanchnic  nerves,  and  those  on  the  left  side  are  in  addition  crossed  by  the  smaller 
azygos  veins.  On  reaching  an  intercostal  space  each  artery  runs  upwards,  some- 
times behind,  sometimes  in  front  of  the  corresponding  intercostal  nerve,  to  the 
upper  border  of  the  space,  along  which  it  is  continued  in  the  subcostal  groove.  It 
lies  at  first  between  the  pleura  and  the  posterior  intercostal  membrane,  immediately 
below  the  intercostal  nerve ;  it  then  pierces  the  intercostal  membrane,  and  runs 
between  it  and  the  external  intercostal  muscle  as  far  as  the  angle  of  the  rib, 
beyond  which  it  is  continued  forward  between  the  internal  and  external  intercostal 
muscles.  In  the  subcostal  groove  the  artery  lies  between  the  corresponding  vein 
above  and  the  intercostal  nerve  below,  and  it  terminates  in  front  by  anastomosing 
with  an  anterior  intercostal  branch  of  the  internal  mammary  or  of  the  musculo- 
phrenic artery.  The  lower  two  intercostal  arteries  on  each  side  extend  beyond 
their  spaces  to  the  abdominal  wall,  and  anastomose  with  branches  of  the  superior 
epigastric,  subcostal,  and  lumbar  arteries. 

Branches. — (a)  Dorsal  (ramus  posterior). — As  each  artery  enters  its  intercostal 
space  it  gives  off  a  posterior  or  dorsal  branch  which  passes  backwards,  accompanied  by 
the  posterior  primary  division  of  a  spinal  nerve,  internal  to  the  superior  costo-transverse 
ligament,  between  the  necks  of  the  ribs  which  bound  the  space,  and  between  the 
adjacent  transverse  processes,  to  the  vertebral  groove,  where  it  divides  into  internal  and 
external  terminal  branches.  The  internal  branch  (ramus  cutaneus  medialis)  passes  back- 
67  a 
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wards  and  inwards  either  over  or  through  the  multifidiis  spiuee,  giving  branches  to  the 
muscles  between  whicli  it  passes  and  to  the  vertebral  column.  The  external  branch  (ramus 
cutaneus  lateralis)  runs  outwards  under  cover  of  the  longissimus  dorsi  to  the  intenal 
between  it  and  the  musculus  accessorius.  It  terminates  in  the  skin  of  the  back,  after  giving 
branches  to  the  adjacent  muscles.  A  spinal  branch  (ramus  spinalis)  from  each  dorsal  arten- 
passes  through  the  corresponding  intervertebral  foramen,  and  enters  the  spinal  canal,  to 
the  contents  and  walls  of  which  it  is  distributed.  It  divides  into  three  branches — neunl, 
post-central,  and  pre-laminar.  The  neural  branch  divides  into  two  branches  which  niu 
inwards  on  the  roots  of  the  spinal  nerve,  pierce  the  dura  mater  and  arachnoid,  and  divide 
into  branches  some  of  which  pass  to  the  membranes  of  the  cord,  whilst  others  arc  contiuueil 
on  to  reinforce  the  dorsal  and  ventral  spinal  arteries.  The  post-central  b^-anch  divides  into 
ascending  and  descending  branches  which,  anastomosing  with  similar  branches  above  and 
below,  fc>rin  a  series  of  vertical  arches  on  the  back  of  the  Ixdies  of  the  vertebrae.  The 
arches  of  opjKJsite  sides  are  connected  by  short  transverse  anastomoses.  The  pre-laminnr 
branch  is  small,  and  its  ascending  and  descending  branches  are  distributed  in  a  simil&r 
though  less  regular  manner  on  the  posterior  wall  of  the  spinal  canal. 

(6)  A  collateral  branch  springs  from  the  tnuik  of  each  intercostal  artery  near  the 
angle  of  the  rib.  It  descends  to  the  lower  l>order  of  the  intercostal  space,  along  which  it 
runs  forwards  to  anastomose  in  front,  like  the  intercostal  artery  itself,  with  a  separate 
anterior  intercostal  l)ranch  of  the  internal  mammary  or  musculo-phrenic  artery.  The 
collateml  branches  of  the  lower  two  intercostal  arteries  on  each  .side  are  inconstant; 
wiien  present  they  arc  small,  and  tenninate  in  the  abdominal  wall. 

(c)  Muscular  branches  (rami  musculares)  to  the  adjacent  muscles  are  given  otf  both 
by  the  main  trunk  and  its  collateral  branch. 

((/)  A  lateral  cutaneous  (ramus  cutaneus  lateralis)  oftsot  from  the  intercostal  arten* 
accompanies  tiie  lateral  cutaneous  branch  of  tiie  intercostal  nerve. 

In  addition  to  the  above-named  branches  the  first  aortic  intercostal  on  each  side 
anastomoses  witii  the  superior  intercostal,  and  may  supply  the  whole  or  the  greater  ])art  of 
the  second  intercostal  space,  and  the  first  right  aortic  intercostal  frequently  gives  origin  to 
the  right  bronciiial  artery.  The  upper  three  or  four  aortic  intercostals  on  each  side  give 
branches  to  the  mammary  gland  wliich  anastomose  with  branches  of  the  long  thoracic  and 
internal  mammary  arteries.  I^ongitudinal  anastomoses  between  adjacent  intercostal  arteries 
and  their  dorsid  branches  sometimes  exist  near  the  necks  of  the  ribs,  or  near  the  transveRe 
processes.     These  longitudinal  anjistomoses  are  of  considerable  morphological  interest, 

2.  The  subcostal  arteries  arc  the  last  pair  of  parietal  branches  given  off  from  the 
thoracic  aorta.  They  are  in  series  with  and  are  very  similar  to  the  aortic  intercostal 
arteries,  but  are  situated  below  the  last  ribs.  Each  runs  along  the  lower  border  of 
the  twelfth  rib  in  company  with  the  last  dorsal  nerve.  It  passes  l^neath  the  liga- 
mentum  arcuatum  externum  to  the  abdomen,  and  there  crosses  in  front  of  the  quail- 
ratus  lumborum,  and  behind  the  kidney  and  the  adjacent  part  of  the  colon.  It 
next  pierces  the  aponeurosis  of  origin  of  the  transversalis  abdominis,  and  runs 
iKJtween  the  transversalis  and  the  internal  oblique  muscles,  anastomosing  with  the 
lower  intercostal  arteries,  with  the  lumbar  arteries,  and  with  branches  of  the 
superior  epigastric  artery. 

8.  Diaphragmatic  branches  (aa.  phrenicie  suj)eriores)  are  given  oif  from  the 
lower  part  of  the  thoracic  aort^.  They  are  small  vessels  which  ramify  on  the 
upper  surface  of  the  diaphragm,  and  anastomose  with  branches  of  the  superior 
phrenic  and  musculo-phrenic  arteries. 

4.  The  vas  aberrans  is  a  variable  and  inconstant  branch  of  the  thoracic  aorta; 
it  represents  the  dorsal  roots  of  the  fourth  and  fifth  right  aortic  arches  of  the 
embryo.  When  present  it  arises  from  the  front  and  right  side  of  the  upper  part  of 
the  main  trunk  near  the  upper  bronchial  artery,  and  passes  upwards  and  to  the 
right  Ixjhind  the  cesophagus;  it  frequently  anastomoses  with  the  right  superior 
intercostal  artery,  and  it  may  ])e  enlarged  and  form  the  first  part  of  the  right 
subclavian  artery. 

Visceral  Branches  of  the  Descending  Thoracic  Aorta. 

1.  The  bronchial  branches  (aa.  bronchiales)  of  the  thoracic  aortoe  are  usually 
two  in  number — an  upper  and  a  lower — and  both  pass  to  the  left  lung.  The  uppif 
left  broiichml  artery  arises  from  the  front  of  the  main  trunk  opposite  the  fiftb 
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dorsal  vertebra;  the  iv/erior  left  bronchial  artenj  usually  takes  origin  near  the 
lower  border  of  the  left  bronchus.  Both  vessels  are  directed  downwards  and  out- 
wards to  the  back  of  the  bronchus,  which  they  accompany,  and,  dividing  similarly, 
they  follow  its  ramifications  in  the  lung.  They  not  only  supply  tlie  walls  of  the 
bronchial  tubes  and  the  substance  of  the  lungs,  but  also  give  branches  to  the 
bronchial  glands,  the  pulmonary  vessels,  the  pericardium,  and  the  cesophagus. 

As  a  rule  there  is  only  one  right  bronchial  artery,  and  it  arises  from  the  first 
right  aortic  intercostal  artery ;  but  it  not  uncommonly  arises  from  the  upper  left 
bronchial  artery,  and  more  rarely  it  springs  directly  from  tlie  aorta.  In  its  course 
and  distribution  it  corresponds  to  the  bronchial  arteries  of  the  left  side. 

2.  The  oesophageal  branches  (aa.  oesophagese)  are  variable;  usually  four  or 
five  small  branches  spring  from  the  front  of  the  aorta  and  pass  forwards  to  the 
cesophagus,  in  the  walls  of  which  they  ramify,  anastomosing  above  with  branches 
of  the  left  bronchial  and  inferior  thyroid  arteries,  and  below  with  oesophageal 
branches  of  the  coronary  and  phrenic  arteries. 

3.  The  pericardial  branches  (rami  pericardiaci)  consist  of  three  or  four  small 
irregular  vessels  which  are  distributed  on  the  surface  of  the  pericardium. 

4.  Small  mediastinal  blanches  (rami  mediastinales)  pass  to  the  areolar  tissue 
and  glands  in  the  posterior  mediastinal  space,  and  to  the  posterior  pait  of  the 
diaphragm. 

BRANCHES  OF  THE  ABDOMINAL  AORTA. 

The  branches  of  the  abdominal  portion  of  the  aorta  are  distributed  almost 
entirely  to  the  walls  and  contents  of  the  abdominal  cavity,  but  some  also  supply 
small  branches  to  the  vertebral  column,  and  to  the  contents  of  the  spinal  canal,  and 
others  are  prolonged  into  the  pelvis.  They  are  divisible  into  parietal  and  visceral 
groups,  both  of  which  include  paired  and  single  (unpaired)  vessels. 


r  Inferior  phrenic. 
Paired,  i  Lumbar. 


rSupi*areual. 
Paired.^  Rehal. 

(^  Spermatic  or  ovarian. 


]  *^"i"Lr»i.  Visceral  ^  y^i^^>^€xx,,v^  ^ 

^Common  iliac.  '  |  Coeliac  axis. 


Parietal 

Single.   Middle  sacral.  |  Single.  |  Superior  mesenteric. 

[inferior  mesenteric. 

Parietal  Branches  of  the  Abdominal  Aorta. 

1.  The  inferior  phrenic  arteries  (aa.  phrenica)  inferiores,  fig.  634)  are  two 
in  number,  and  are  of  small  size ;  they  arise,  either  separately  or  by  a  common 
trunk,  from  the  aorta,  immediately  below  the  diaphragm  on  the  under  surface 
of  which  they  are  distributed.  Diverging  from  its  fellow,  each  artery  runs 
upwards  and  outwards  on  the  corresponding  crus  of  the  diaphragm — that  on  the 
right  side  passing  behind  the  inferior  vena  cava,  that  on  the  left  behind  the  oeso- 
phagus— and  just  before  reaching  the  central  tendon  of  the  diaphragm  it  divides 
into  internal  and  external  terminal  branches.  The  internal  branch  of  eacl)  artery 
runs  forward  and  anastomoses  with  its  fellow  of  the  opposite  side,  forming  an  arch, 
convex  forwards,  along  the  front  of  the  central  tendon  of  the  dia])hragm.  Oil'sets 
from  this  arch  anastomose  with  the  superior  phrenic,  musculo-phrenic,  and  internal 
mammary  arteries.  The  external  branch  passes  outwards  towards  the  lower  ribs, 
and  anastomoses  with  the  musculo-phrenic  and  lower  intercostal  arteries. 

In  addition  to  supplying  the  diaphragm  each  inferior  phrenic  artery  frequently 
gives  a  superior  capsular  branch  to  the  suprarenal  body  of  its  own  side,  and  occasion- 
ally small  hepatic  branches  pass  through  the  coronary  ligament  to  the  liver. 
Further,  the  left  artery  gives  branches  to  the  esophagus  which  anastomose  with 
oesophageal  branches  of  the  aorta  and  of  the  coronary  artery,  whilst  from  the  artery 
of  the  right  side  minute  branches  pass  to  the  inferior, vena  cava. 

2.  The  Inmbar  arteries  (aa.  lumbales)  correspond  to  the  intercostal  branches  of 
the  thoracic  aorta.  They  are  in  series  with  them,  their  distribution  is  very  similar, 
and,  like  the  intercostals,  they  arise,  either  separately  or  by.common  trunks,  from 
the  back  of  the  aorta. 
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There  are  usually  (our  paira  i.if  Iciinbar  arterieSp  bnt  occajiionallir  a  fifth  ptii 

arises  from  or  iii  comuaoia  with  the  Biiddle  aaeral  artery. 

From  their  origius  the  himbur  arteries  ykasf?  itackivurds  and  oul^'^irt!*  f*n  iKr 
front  and  sideg  of  the  hodias  of  the  up^r  four  liiruhnr  vi*rt^^bne  to  ' 
l>etweea  the  adjacent  trans ver^^  processes,  bey^jiid  which  ilit^y  jire  coiii 
abdaminal  wall 

They  lie  on  tlie  iKulies  of  the  o^rrespondin^'  lumbar  vertebree.     In  their  back- 
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Fig.  634.— The  Auiriu(Nal  \tniiA  hya  vth^  BttAHcaia. 

ward  e^nim*,  ami  while  atiJl  in  relation  witli  the  vertebial  bodies,  each  anery  is 
croB8tHl  by  the  symptithetie  cord,  and  then,  after  pasaiiig  internal  to  and  being  |im- 
Leeted  by  the  librou^  arche**  frtan  which  the  muacle  ariaea,  it  t\nm  behind  tht* 
mascleaud  the  himbar  plexim,  Tfie  upper  two  arteries  on  eatih  sidi  '  >  .jj 
the  tTura  of  the  diapiira^au,  Be)<tnri  Die  interval  belween  tlie  trans  ^ 
the  verteltra*  each  artery  turns  otilvvardw  and  erosB^jn  thtt  rpiadmlns  lun 
\mi  iifeuially  pji-ssing  in  front  uf,  and  tlie  utluii-rt  behind  tl»e  mu^cde;  it  l  .  ,  j 
the  aiKajenruKLs  of  origin  of  the  tranftvei^aahs,  and  proceeds  ffirwanlft  in  the  litnr 
nhtlonmml   wall   in    the  interval    between  the  tninsversiihV  and    int'enml   •>Uli'|M 
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luscles.  The  lumbar  arteries  anastomose  with  one  another,  with  the  lower  inter- 
Mtal  and  subcostal  arteries,  and  with  branches  of  the  superior  and  deep  epigastric 
ud  of  the  deep  circumflex  iliac  and  ilio-lumbar  arteries. 

Fine  twigs  also  pass  from  the  lumbar  arteries  to  the  extra-peritoneal  fat,  and 
nastomose  with  corresponding  branches  from  the  inferior  phrenic  and  ilio-lumbar 
rteries,  and  with  small  branches  from  the  hepatic,  renal,  and  colic  arteries,  to  form 
iie  subperitoneal  plexus  of  Turner. 

The  abdominal  aorta  lies  but  little  to  the  left  of  the  middle  line,  and  con- 
3quently  the  right  lumbar  arteries  are  scarcely  longer  than  the  left.  On  the  right 
ide  the  arteries,  which  near  their  origins  lie  more  in  front  of  the  vertebral  bodies, 
ass  behind  the  inferior  vena  cava,  the  upper  two  arteries  being  separated  from  this 
easel  by  the  right  crus  of  the  diaphragm.  The  upper  two  right  arteries  also  pass 
ehind  the  receptaculum  chyli  and  the  lower  end  of  the  large  azygos  vein. 

Branches. — Dorsal  (ramus  dorsalis). — Each  lumbar  artery  gives  off,  opposite  the 
iterval  between  the  vertebral  transverse  processes,  a  dorsal  branch  of  considerable  size, 
t  is  analogous  with  and  distributed  like  the  corresponding  branch  of  an  aortic  intercostal 
rtery  (p.  837).  Miueiilar  branches  are  given  off,  both  from  the  main  trunk  and  its 
orsal  branch,  to  the  adjacent  muscles. 

3.  The  middle  sacral  artery  (a.  sacralis  media,  Fig.  634)  is  a  single  median 
esse!  It  is  commonly  regarded  as  a  caudal  aorta  and  as  the  direct  continuation 
f  the  abdominal  aorta.  It  is,  however,  of  small  size,  and  almost  invariably  arises 
rom  the  back  of  the  aorta  about  half-an-inch  above  its  bifurcation.  It  descends 
1  front  of  the  two  lower  lumbar  vertebra  and  of  the  sacrum  and  coccyx,  and  ends 
pposite  the  tip  of  the  last-named  bone  by  anastomosing  with  the  lateral  sacral  arteries 
3  form  a  loop  from  which  branches  pass  to  the  coccygeal  body.  In  its  course  it 
asses  at  first  behind  the  lower  part  of  the  abdominal  aorta.  Opposite  the  tiftli 
imbar  vertebra  it  is  crossed  by  the  left  conmion  iliac  vein,  below  which  it  is 
3vered  by  peritoneum  and  coils  of  small  intestine  as  far  as  the  third  sacral  seg- 
lent,  and  in  the  rest  of  its  extent  by  the  rectum.  It  is  accompanied  below  by 
ense  comites,  which,  however,  unite  above  to  form  a  single  middle  sacral  vein. 

Small  parietal  branches  pass  transversely  outwards  on  each  side  to  the  last 
unbar  vertebra  and  to  the  sacrum.  They  anastomose  with  the  lateral  sacral 
rteries,  and  they  usually  give  off  small  spinal  fffsets  which  enter  the  anterior 
icral  foramina.  Small  and  irregular  visceral  branches  pass  to  the  rectum  and 
nastomose  with  the  superior  and  middle  luemorrhoidal  arteries. 

COMMON  ILIAC  ARTERIES. 

4.  Tlie  common  iliac  arteries  (aa.  iliacae  communes.  Figs.  634  and  640)  ai-e 
he  terminal  branches  of  the  abdominal  aorta.  They  are  formed  by  the  bifurcation 
f  the  main  trunk,  and  commence  opposite  the  middle  of  the  body  of  the  fourtli 
Limbar  vertebra  a  little  to  the  left  of  the  middle  line.  Each  artery  passes  down- 
rards  and  outwards  across  the  bodies  of  the  fourth  and  fifth  lumbar  vertebra 
nd  the  intervening  intervertebral  disc,  and  terminates  at  the  level  of  the  lumbo- 
acral  articulation  and  in  front  of  the  corresponding  sacro-iUac  joint  by  dividing 
ate  the  internal  and  external  iliac  arteries. 

The  direction  of  each  common  iliac  is  well  indicated  by  a  line  drawn  from  the 
ifurcation  of  the  aorta  to  a  point  midway  between  the  symphysis  pubes  and  the 
nterior  superior  spine  of  the  ilium. 

The  angle  included  between  the  two  4iverging  trunks  is  about  60""  in  the  male 
nd  about  68°  in  the  female. 

The  right  artery  is,  for  obvious  reasons,  a  little  longer  than  the  left ;  the  former 
5  about  two  inches,  and  the  latter  one  and  three-quarter  inches  in  length. 

Relations. — Anterior, — Both  arteries  are  covered  anteriorly  by  peritoneum,  and  are 
3p»arated  by  it  from  coils  of  the  small  intestine.  Communicating  branches  between  the 
ortic  and  hypogastric  plexuses  of  the  sympathetic  pass  in  front  of  the  arteries,  each  of  which 
I  also  crossed  anteriorly  near  its  termination  by  the  corresponding  ureter. 

The  left  artery  is  in  addition  crowed  in  front  by  the  superior  heemoTrVioxd^X  n^*9»^^. 
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Posterior. — Behind  the  artery  of  each  side  are  the  bodies  of  the  fourth  and  fifth 
lumbar  vcrtebne,  with  the  intervertebral  disc  above  the  latter,  the  psoas  muscle,  the 
sympathetic  cord.  These  relationships,  however,  are  much  closer  on  the  left  side  than 
on  the  right.  The  right  common  iliac,  except  at  its  lower  end,  where  it  is  in  contact  with 
the  psoas,  is  separated  from  the  structures  named  by  the  terminations  of  the  right  and 
left  common  iliac  veins  and  the  commencement  of  the  inferior  vena  cava.  The  left 
conmion  iliac,  which  is  not  so  separated,  lies  on  the  inner  border  of  the  psoas.  Somewhat 
deeply  phiced  in  the  areolar  tissue  between  the  psoas  and  the  lumbar  vertebra*,  the 
obturator  nerve,  the  lumbo-sacral  cord,  and  the  ilio-lumbar  artery  form  posterior  relations 
to  the  artery  of  the  corresponding  side. 

Lateral. — On  both  sides  of  each  artery  are  coils  of  small  intestine.  The  commence- 
ment of  the  inferior  vena  cava  lies  to  the  outer  side  of  the  upper  part  of  the  right  artery, 
and  on  the  inner  side  of  this  vessel  are  the  right  common  iliac  vein  below  and  the  left 
common  iliac  vein  above.     The  last-named  vein  lies  on  the  inner  side  of  the  left  arterj'. 

The  Paired  Visceral  Branches  of  the  Abdominal  Aorta. 

1.  Suprarenal  or  Capsular  Arteries  (aa.  suprarenales,  Fig.  634). — There  are 
three  sets  of  suprarenal  arteries — the  superior,  middle,  and  inferior.  Of  these  the 
middle  only  arise  from  the  aorta  direct;  the  superior  spring  from  the  inferior 
phrenic,  and  the  inferior  from  the  renal  arteries. 

The  middle  suprarenal  arteries  are  two  small  branches  which  arise,  behind  the 
pancreas,  from  the  sides  of  the  aorta,  close  to  the  origin  of  the  superior  mesenteric 
artery.  They  run,  one  on  each  side,  outwards  and  upwards  upon  the  crura  of  the 
diaphragm,  and  just  above  the  renal  arteries,  to  the  suprarenal  bodies  to  which  they 
are  distributed,  and  they  anastomose  with  the  superior  and  inferior  suprarenal 
arteries. 

2.  Renal  Arteries  (aa.  renales.  Fig.  634). — The  renal  arteries  arise,  one  on 
each  side,  from  the  aorta,  about  half-an-inch  below  the  origin  of  the  superior 
mesenteric  artery  and  opposite  the  second  lumbar  vertebra. 

Both  arteries  are  of  large  size,  and  the  right,  which  is  a  little  longer  than  the 
left,  is  frequently  sUghtly  lower  in  position.  Each  artery  runs  almost  transversely 
outwards  to  the  hilum  of  the  corresponding  kidney.  It  passes  in  front  of  the  eras 
of  the  diaphragm  and  of  the  upper  part  of  the  psoas  muscle.  The  left  artery  lies 
behind  the  pancreas;  the  right  vessel  passes  behind  the  inferior  vena  cava,  the 
head  of  the  pancreas,  and  the  second  part  of  the  duodenum.  The  renal  vein 
usually  lies  below  and  in  front  of  the  artery,  but  near  the  kidney  the  vein  not  un- 
frequently  occupies  a  posterior  position. 

On  reaching  the  hilum  of  the  kidney  each  artery  divides  into  three  branches, 
two  of  which  pass  in  front  of  the  pelvis  of  the  ureter,  and-  between  it  and  the  renal 
vein,  and  the  third  behind  the  pelvis.  In  the  renal  sinus  these  primary  branches 
break  uj)  into  numerous  secondary  branches  which  enter  the  kidney  substance 
between  the  pyramids. 

Branches. — The  following  branches  are  given  off  by  each  renal  artery,  in  addition  to  the 
terminal  branches  : — 

{a)  Inferior  saprarenal  (a.  i^uprarenalis  inferior),  which  ])asse8  upwards  to  the  lower  part  of 
the  suprarenal  body. 

(6)  UreteraL — Small  branches  to  the  upper  part  of  the  ureter,  which  anastomose  with  branches 
of  the  sj:»ermatic  or  ovarian  arteries. 

(c)  Peri-renaL — Siaall  branches  to  the  fatty  capsule  of  the  kidney,  which  anastomoee  with  the 
lumbar  arteries. 

(d)  Glandular  offsets,  either  from  the  main  trunk  or  from  some  of  its  branches,  pass  to  the 
riMial  and  liunbar  glands. 

3.  Spermatic  Arteries  (aa.  spermaticae  interna). — The  spermatic  arteries  in 
the  male,  and  the  corresponding  ovarian  arteries  (aa.  ovaricaj)  in  the  female,  are  two 
long  slender  vessels,  one  on  the  right  side  and  one  on  the  left,  which  arise  from  the 
front  of  the  abdominal  aorta,  a  short  distance  below  the  origins  of  the  renal  arteries. 

Each  spermatic  artery  runs  downwards  and  outwards  to  the  internal  abdominal 
ring ;  it  then  traverses  the  inguinal  canal,  and  consequently  takes  a  downward  and 
inward  course.  On  emerging  from  the  canal,  through  the  external  abdominal  ring. 
it  enters  the  scrotum,  in  which  it  descends,  almost  verticaUy,  but  in  a  tortuooB 
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lanner,  to  end  immediately  above  the  testicle  by  dividing  into  testicular  and 
pididymal  branches. 

Relations. — In  the  abdominal  cavity  the  arteries  lie  behind  the  peritoneum,  to 
hich  they  are  closely  attached,  and  in  front  of  the  psoas  muscles.  The  right  artery  is 
Iso  in  front  of  the  inferior  vena  cava.  Each  artery  descends  in  front  of  the  ureter,  the 
enito-crural  nerve,  and  the  lower  end  of  the  external  iliac  artery  of  its  own  side,  and  is 
ceompanied  by  two  spermatic  veins  which  unite  above  into  a  single  trunk.  The  anterior 
elations  diflfer  on  the  two  sides.  The  right  artery  lies  behind,  and  is  crossed,  by  the  ileo- 
olic,  the  right  colic,  and  the  terminal  branches  of  the  superior  mesenteric  artery,  and  by 
he  third  part  of  the  duodenum,  the  termination  of  the  ileum,  and  the  vermiform  appendix. 
^he  left  artery  is  crossed  in  front  by  the  left  colic  and  sigmoid  branches  of  the  inferior 
Qesenteric  artery  and  by  the  iliac  colon. 

At  the  internal  abdominal  ring  the  spermatic  artery  comes  into  relation,  at  its  inner 
ide,  with  the  vas  deferens.  The  two  structures  run  together  round  the  outer  and  anterior 
apects  of  the  deep  epigastric  artery  to  the  inguinal  canal. 

In  the  inguinal  canal  the  spermatic  artery,  along  with  the  other  constituents  of  the 
permatic  cord,  is  enclosed  in  the  infundibular  and  cremasteric  fascia),  the  intercolumnar 
ascia  being  added  at  the  external  abdominal  ring.  In  this  part  of  its  course  tlie  artery 
ies  in  front  of  the  vas  deferens,  and  behind  the  anterior  part  of  the  pampiniform  plexus 
md  the  spermatic  veins  which  arise  from  it. 

Branches. — (a)  Ureteral  branches,  small  in  size,  are  distributed  to  the  middle  part  of  the 
ueter,  anastomosing  above  with  branches  from  the  renal  and  below  with  branches  from  the 
resical  arteriea 

(6)  Cremasteric  branches,  given  off  in  the  inguiual  canal  and  upper  part  of  the  scrotum, 
upply  the  cremaster  muscle,  and  anastomose  with  the  cremasteric  branch  of  the  deep  epigastric. 

(c)  Terminal  Branches.— -(i.)  The  qndidymal  branch  runs  downwards  to  the  epididymis,  which 
t  supplies.  It  also  fives  twigs  to  the  vas  aberrans,  the  coni  vasculosi,  and  the  tunica  vaginalis, 
nd  anastomoses  with  the  artery  of  the  vas  deferens.  (iL)  The  testicular  branch  descends  on  the 
npper  and  back  part  of  the  testicle,  and  breaks  up  into  numerous  peripheral  and  central  branches. 
\e  peripheral  branches  pass  through  the  tunica  albuginea  and  ramify  on  its  inner  surface  ;  they 
nastomose  with  one  another  and  with  the  central  branches.  The  central  branches  pass  through 
he  mediastinum  testis  and  along  the  surfaces  of  the  septa. 

3a.  The  ovarian  arteries  (aa.  ovaricae.  Fig.  634)  in  the  female  closely  corre- 
pond  to  the  spermatic  arteries  in  the  male.  They  are,  however,  much  shorter, 
nd,  instead  of  passing  through  the  abdominal  wall,  descend  into  the  pelvis,  where 
hey  run  between  the  layers  of  the  broad  ligament  to  terminate  between  the  ovaries 
nd  the  uterus  by  anastomosing  with  the  uterine  arteries. 

Relations. — In  the  upper  part  of  its  course  the  relations  of  each  ovarian  artery  are 
-ke  those  of  the  corresponding  spermatic  artery,  but  about  the  level  of  tlie  anterior 
uperior  spine  of  the  ilium  each  ovarian  artery  turns  inwards,  and,  crossing  the  upper  part 
f  the  external  iliac  vessels  (artery  and  vein),  descends  in  the  anterior  border  of  the  fossa 
varii,  on  the  lateral  wall  of  the  pelvis,  to  the  broad  ligament,  wliere  it  is  placed  below 
he  Fallopian  tube. 

Branchea— (a)  Ureteral,  to  the  middle  part  of  the  ureter. 

(6)  Tubal,  to  the  Fallopian  tube,  which  anastomose  with  branches  of  the  uterine. 
(c)  Ligamentous,  to  the  round  ligament,  as  far  as  the  inguinal  canaL 

(ct)  Ovarian  branches,  numerous,  pass  to  the  hilum  of  the  ovary,  and  thence  to  tlie  substance 
he  organ. 

(e)  A  uterine  branch  is  formed  by  the  continuation  of  the  trunk  to  its  anastomosis  with  tlie 
terine  branch  of  the  internal  iliac 
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The  Unpaired  or  Single  Visceral  Branches  of  the  Abdominal  Aorta. 

1.  The  coeliac  artery  or  coeliac  axis  (a.  coeliaca,  Figs.  634  and  635)  arises  from  the 
ront  of  the  abdominal  aorta,  immediately  below  the  aortic  orifice  of  the  diaphragm 
.nd  between  its  crura.  It  is  a  short  but  wide  vessel  which  runs  almost  horizontally 
orwards  for  a  distance  of  about  half-an-inch,  and  then  terminates  by  dividing  into 
hree  large  branches — the  coronary  or  gastric,  the  hepatic,  and  the  splenic. 

Relations. — The  short  trunk  extends  from  tlie  aorta  behind  the  lesser  sac  of 
teritoneum,  by  which  it  is  separated  from  the  stomach,  or  from  the  small  omentum, 
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ill  front.  It  runs  below  the  Spijrelian  lobe  of  the  liver,  and  above  the  upper  border  of  ilie 
puncrojis  and  the  splenic  vein,  and  it  is  surrounded  by  the  solar  and  cocliac  plexuses  of  the 
sympathetic ;  the  right  semilunar  ganglion  is  to  its  right  side,  and  the  left  seinilimsr 
ganglion  and  canliac  end  of  the  stomach  are  on  its  left  side. 

Branches. — (a)  The  coronary  or  gastric  artery  (a.  gastrica  sinistra)  Ls  the 
smallest  branch  of  the  ca'liac  axis.  It  runs  obliquely  upwards  and  to  the  left, 
and  reaches  the  smaller  curvature  of  the  stomach  close  to  the  oesophagus.  It  then 
turns  8haii)ly  forwards,  downwards,  and  to  the  right,  and  runs  towards  the  pyloric 
end  of  the  stomach  to  anastomose  with  the  pyloric  branch  of  the  hepatic  arterj'. 
In  tht*  first  part  of  its  course  the  artery  lies  behind  the  lesser  sac  of  the  i)eritonoum ; 
it  then  passes  into  the  left  pancreatico-gastric  fold,  and  is  continued  between  the 
layers  of  the  small  omentum. 

Branches. — (i.)  (Esophageal  (i-aini  a?M»phagei). — When  the  artery  n^achc-a  tlie  stomach  a  law 
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Fio.  635.— The  C<eliac  Axis  and  rre  Branches. 

oesophageal  branch  is  given  off,  which  passes  upwards  on  the  oesophagus,  and  gives  offsets  to  il 
which  anastomose  with  oesophageal  branches  of  the  thoracic  aorta  and  with  branches  of  tk 
inferior  phrenic  (ii.)  Gastnc  branches  ai-e  distributed  to  both  surfaces  of  the  stomach.  Ther 
anptonioso  with  branches  of  the  vasa  brevia  of  the  splenic,  and  with  branches  of  the  gastP>- 
epi])loic  arterial  arch  on  the  greater  curvature  of  the  stomach. 

(h)  The  splenic  artery  (a.  lienalis,  Fig.  635)  is  the  largest  branch  of  the 
cceliae  axis.  It  runs  a  more  or  less  tortuous  course  behind  the  stomach  and  the 
lesser  sac  of  the  peritoneum,  and  along  the  upper  border  of  the  pancreas.  It  lies  in 
front  of  the  left  suprarenal  capsule  and  the  upper  end  of  the  left  kidnev,  and 
passes  forwards  between  the  two  layers  of  the  lieno-renal  ligament,  where  it  divides 
into  from  five  to  eight  terminal  branches  (rami  lienales)  which  enter  the  hilum  of  the 
spleen  and  supply  the  s^jlenic  substance.  It  is  accompanied  by  the  splenic  vein, 
which  lies  iKshnv  it. 

Branches.— (i. ) Pancreatio|ptmi  pancrcatici). — Numerous  small  branches (pancreatica 
parv(e)  are  given  otf  to  the  pauKis.  One  large  branch  (j)ancreatica  magna),  occaaionally 
present,  enters  the  upper  l>ordlr  of  the  pancreas,  alx)Ut  the  junction  of  its^ddleaod 
left  thirds,  and  runs  from  left  to  right  in  the  substance  of  the  pancreas,  a  littjHfcove  and 
behind  the  pancreatic  duct.  lk)th  tlie  small  and  large  arteries  supply  theJRstanoe  of 
the  pancreas,  and  armstomose  with  one  another  and  with  branches  of  thJ^aDcroatioo- 
duodenal  arteries. 
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(iL)  The  vasa  brevis  (aa.  gastricse  breves),  or  short  gastric  branches,  four  or  five  in 
number,  are  given  off  either  from  the  end  of  the  main  vessel  or,  more  commonly,  from 
some  of  its  terminal  branches.  They  pass  between  the  layers  of  the  gastro-splenic 
omentum  to  the  left  end  of  great  curvature  of  the  stomach,  and  anastomose  with  the 
oesophageal,  the  gastric,  and  the  left  gastro-epiploic  arteries. 

(iii.)  The  left  gastro-epiploic  branch  (a.  gastro-epiploica  sinistra)  arises  from  the 
front  of  the  splenic,  close  to  its  termination,  and  passes  forwards  between  the  layers  of  the 
gastro-splenic  omentum  to  the  left  end  of  the  great  curvature  of  the  stomach,  along  which 
it  is  continued,  from  left  to  right,  between  the  layers  of  the  gastro-colic  or  great  omentum. 
It  ends  by  anastomosing  with  the  right  gastro-epiploic  artery,  and  it  gives  off  numerous 
gastric  branches  to  both  surfaces  of  the  stomach,  which  anastomose  with  the  vasa  brevia 
and  with  branches  of  the  coronary  and  pyloric  arteries.  Long  slender  omental  brandies 
pass  to  the  omentum  and  anastomose  with  branches  of  the  colic  arteries. 

(c)  The  hepatic  artery  (a.  hepatica.  Fig.  635)  runs  along  the  upper  border  of 
the  head  of  the  pancreas  to  the  right  pancreatico-gastric  fold  of  peritoneum,  in 
which  it  turns  forwards  to  the  upper  border  of  the  first  part  of  the  duodenum.  It 
then  passes  upwards,  between  the  layers  of  the  small  omentum,  in  front  of  the 
portal  vein  and  to  the  left  of  the  common  bile  duct,  and  reaches  the  transverse 
tissure  of  the  liver,  where  it  divides  into  right  and  left  branches. 

Branches. — (i.)  The  pyloric  artery  (a.  gastrica  dextra)  is  a  small  branch  which 
arises  opposite  the  upper  border  of  the  first  part  of  the  duodenum.  It  descends  to 
the  pylorus,  running  between  the  layers  of  the  small  omentum,  and  then  turns  to  the  left 
along  the  smaller  curvature  of  the  stomach.  It  gives  branches  to  both  surfaces  of  the 
atomach,  and  terminates  by  anastomosing  with  the  coronary  artery. 

(ii.)  The  gastro-duodenal  artery  (a.  gastro-duodenalis). — This  branch  of  the  hepatic 
arises  just  above  the  upper  border,  descends  behind,  and  terminates  opposite  the  lower 
border  of  the  first  part  of  the  duodenum.     In  its  course  it  lies  between  the  neck  of 
the  pancreas  and  the  first  part  of  the  duodenum,  and  it  is  in  front  of  the  portal  vein.     The 
eommon  bile  duct  is  on  its  right  side.     The  vessel  ends  by  dividing  into  the  right  gastro- 
epiploic and  the  superior  pancreatico-duodenal  arteries.     The  right  gastro-epiploic  artery 
(a.   gastro-epiploica  dextra)  is  the  larger  of  the  two  terminal  branches  of  the  gastro- 
fluodenal ;  it  passes  from  right  to  left  along  the  greater  curvature  of  the  stomach,  between 
t.he  layers  of  the  gastro-colic  omentum,  and  unites  with  the  left  gastro-epiploic  branch 
of  the  splenic  artery.     From  the  arterial  arch  so  formed  branches  pass  upwards  on  both 
surfaces  of  the  stomach,  and  anastomose  with  branches  of  the  pyloric  and  coronary  arteries. 
Other  branches  pass  downwards  to  the  omentum,  and  anastomose  with  branches  of  the 
eolic    arteries.     The    superior   pancreatico-duodenal    artery   (a.   pancreatico-duodenal  is 
superior)  runs  a  short  course  to  the  right,  between  the  duodenum  and  the  head  of  the 
pancreas,  and  divides  into  anterior  and  posterior  terminal  branches  which  descend,  the 
former  in  front  of  and  the  latter  behind  the  head  of  the  pancreas,  to  anastomose  with 
similar  branches  of  the  inferior  pancreatico-duodenal  artery.     They  supply  the  licad 
of  the  pancreas,  anastomosing  m  it  with  the  pancreatic  branches  of  the  splenic  artery  : 
branches  are  also  given  to  the  second  part  of  the  duodenum  and  to  the  common  l)ile  duct, 
(iii.)  Terminal  branches. — The  right  hepatic  artery  (ramus  dexter)  passes  either  in 
front  of  or  behind  the  hepatic  duct  and  behind  the  cystic  duct,  to  the  ri^^lit  end  of  the 
transverse  fissure  of  the  liver,  where  it  divides  into  two  or  more  branches  which  enter  the 
substance  of  the  liver  and  accompany  the  branches  of  the  portal  vein  and  the  hepatic 
duct.     As  it  crosses  just  above  the  junction  of  the  hepatic  and  cystic  ducts,  the  right 
hepatic  artery  gives  off  a  cystic  branch.     The  cystic  artery  (a.  cystica)  runs  downwards 
and  forwards  along  the  cystic  duct  to  the  gall-bladder,  where  it  divides  into  uj)per  and 
lower  branches  ;  the  upper  passes  downwards  between  the  gall-bladder  and  the  imder 
surface  of  the  liver,  to  both  of  which  it  gives  offsets ;  the  lower  branch  is  distributed  on 
the  under  surface  of  the  gall-bladder,  between  it  and  the  peritoneum.     The  left  hepatic 
artery  (ramus  sinister)  is  longer  and  narrower  than  the  right.     It  runs  to  the  left  end 
of  the  transverse  fissure,  gives  one  or  two  branches  to  the  Spigelian  lobe,  crosses  the 
longitudinal  fissure,  and  breaks  up  into  branches  which  tMninate  in  the  substance  of  the 
left  lobe  of  ^le  liver.  ^ 

.perior  mesenteric  artery  (a.  mesenterica  superior,  Figs.  634,  636, 
from  the  front  of  the  aorta,  about  half-an-inch  below  the  origin 
and  opposite  the  first  lumbar  vertebra. 

downwards  and  forwards,  crossing  in  front  of  the  left  renal 


VBiUf  the  lower  part  of  the  head  of  the  pancreiis,  anil  l.hc  thin!  |xtrt  of  Ihv  duo-  ^ 
detium ;  opposit*^  the   latter  it  entei-s  the  roo^  of  the  met^cnt^ry,  hi  vtlmh  il ' 
ooiiUtiues  to  descend,  curviog  ohliquely  from  above  duwii\v;ir<Ls  iind  to  tht*  right,  li^ ' 
the  right  iliac  fossa,  aud  crtjssing  in  this  part  of  it^  cours*^  ohli(iuely  in  front  of  tilt 
aorta,  the  lower  part  of  the  inferior  vena  oava*  the  right  ureter,  aud  the  riuhf 
muBcIe.     At  its  origin  it  lies  liehind  the  ueck  of  tfie  pancreas  and  th*' 
where  it  passes  in  front  of  the  duodenum  it  is  crost^ied  anteriorly  by  tli. 
colon,  and  in  the  lower  part  of  itfl  extant  it  is  concealed  by  coils  of  small  intc.**tiiwi 


HkltU^  fM\\e  *xl»ry 


ditciilMn&l  RrtKry 


Right  t'oUe  Att«ry 


1l»»(i-figi(ic:  ftrlrrj' 


Tuiininn.tion  taf 


Branches — Tt  gives  oft*  immcmus  hmucht^es  which  supply  Uk*  diKKletiimi  ami  J 
panor^^jiH  in  part,  the  whole  of  the  small  iutostiue  lH*hivv  the  tiuijdt'uuiu^  aud  iiw 
intesitiue  nearly  a^  far  w*  the  splenic  flejture. 

The  brunehca  an?  as  follows : — 

(h)  Eami  intestim  tenuis  <aa-    int^atioales),  or  hrHucheii  t*j   the  MiimlJ    mu 
varyiii^f  from   tt^n  lo  sixteen  in  iiuriilnir ;  tlicy  spriu^'  from  the  eonveiitv  of  tb«?  *u}i 
nie^^eiitt^rid  artory,  am!  piisjs  ol*lii]iiely  forwAiiitt  and  doHiiwardH  belweeii  the  Invert  nf 
ineeenturT»  each  divkling  iiit«>  two  hraucUes  whFi'J^    ■" -^^nniot^e  uith  Mdjjiccn^    ',.   i    l^i 
form  a  s^ri^w  of  ar€«*Je«  from  whieh  i^eeoudary  irc  given  nff,     1  -«< 

liimfmt  Mid  union  m  rt^pcatcti  three  or  funr  tirup^^^B.  ^'^*>^  *^^  '^vo  tiit>  '*i  tirvii^i 

? 
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3nned,  from  the  most  distal  of  which  terminal  branches  are  given  off  to  the  walls  of  the 
ejunum  and  ileum.  Branches  from  the  successive  arcades  are  also  given  off  to  the 
aesenteric  glands.  The  terminal  branches  anastomose  together  in  the  walls  of  the  gut, 
orming  a  vascular  network  which  communicates  above  with  the  inferior  pancreatico- 
luodenal  artery  and  below  with  the  terminal  branch  of  the  superior  mesenteric  tnmk. 
The  vascular  loops  and  branches  are  accompanied  by  corresponding  veins,  lymphatics,  and 
lerves. 

(b)  The  inferior  pancreatico-duodenal  artery  (a.  pancreatico-duodenalis  inferior).  It 
krises  either  from  the  trunk  of  the  superior  mesenteric,  at  the  upper  border  of  the  third  part 
)f  the  duodenum,  or  from  the  first  of  the  rami  intestini.  It  runs  to  the  right,  between 
:he  head  of  the  pancreas  and  the  third  part  of  the  duodenum,  and  terminates  by  dividing 
nto  two  branches,  anterior  and  posterior,  which  ascend,  the  former  in  front  and  the  latter 
oehind  the  head  of  the  pancreas ;  they  supply  the  head  of  the  pancreas,  the  second  and 
;hird  parts  of  the  duodenum,  and  they  anastomose  with  the  similar  branches  of  the 
luperior  pancreatico-duodenal  artery. 

(c)  The  middle  colic  artery  (a.  colica  media)  is  a  large  branch  which  springs  from  the 
Front  of  the  superior  mesenteric  as  it  enters  the  root  of  the  mesentery.  It  runs  down- 
wards and  forwards  in  the  transverse  mesocolon,  and  terminates  by  dividing  into  two 
branches,  right  and  left,  which  anastomose  respectively  with  the  right  and  left  colic 
Jirteries,  forming  arcades  from  which  secondary  and  tertiary  loops  are  derived,  the  terminal 
branches  being  distributed  to  the  walls  of  the  transverse  colon. 

(d)  The  right  colic  artery  (a.  colica  dextra)  springs  from  the  right  or  concave  side  of 
;he  superior  mesenteric,  either  alone  or  in  the  foi*m  of  a  common  trunk  which  divides 
nto  right  and  ileo-colic  branches.  It  runs  to  the  right,  behind  the  peritoneum  on  the 
)06terior  wall  of  the  abdomen,  and  in  front  of  the  right  psoas,  the  ureter,  and  the 
permatic  or  ovarian  vessels,  towards  the  ascending  colon,  near  which  it  divides  into  an 
scending  and  a  descending  branch.  The  former  passes  upwards,  and  anastomoses  in  the 
nana  verse  mesocolon  with  the  middle  colic  artery.  The  latter  descends  to  anastomose 
ith  the  upper  branch  of  the  ileo-colic,  and  from  the  loops  thus  formed  branches  are  dis- 
nbuted  to  the  walls  of  the  ascending  colon  and  the  beginning  of  the  transverse  colon. 

(«)  The  ileo-colic  artery  (a.  ileo-colica)  arises  by  a  common  tnuik  with  the  right  colic, 
r  separately  from  the  right  side  of  the  superior  mesenteric,  and  passes  downwards  and 
utwards,  behind  the  peritoneum,  towards  the  lower  part  of  the  ascending  colon,  where 
,  terminates  by  dividing  into  an  ascending  branch  which  anastomoses  with  the  lower 
ranch  of  the  right  colic,  and  a  descending  branch  which  communicates  with  tlie  colic 
Brmiual  branches  of  the  superior  mesenteric  trunk. 

(/)  Terminal. — The  lower  end  of  the  superior  mesenteric  artery  divides  into  five 
ranches — (i.)  ileal,  (ii.)  appendicular,  (iii.)  anterior  ileo-cacal,  (iv.)  posterior  ileo-ca)cal, 
nd  (v.)  colic. 

The  ileal  branch  (a.  ilea)  turns  upwards  and  to  the  left  in  the  lowest  part  of  the  uieseutery, 
nd  anastomoses  with  the  rami  intestini.  The  appendicular  branch  (a.  appendicularis)  passes 
lehind  the  terminal  portion  of  the  ileum,  and  through  the  meso-appendix  to  the  verniiforni  pro- 
rt«e,  upon  which  it  ends.  The  anterior  ileo-csecal  crosses  the  front  of  the  ileo-ca?cal  junction  in 
.  fold  of  peritoneum  ;  the  posterior  ileo-csecal  crosses  the  ileo-caecal  junction  posteriorly,  and  the 
olio  runs  upwards  to  the  ascending  colon.  The  ileo-csecal  branches  supply  the  walls  of  the 
secum,  and,  like  the  colic  branch,  anastomose  with  branches  of  the  ileo-cohc  artery. 

3.  The  inferior  mesenteric  artery  (a.  mesenterica  inferior,  Fig.  6.'M)  arises 
roin  the  front  and  towards  the  left  side  of  the  aorta  an  inch  and  a  half  above  the 
)ifurcation ;  it  passes  downwards  and  slightly  outwards,  lying  behind  the  perito- 
leum  and  on  the  front  of  the  left  psoas  muscle,  to  the  upper  and  outer  border  of 
he  left  common  iliac  artery,  where  it  becomes  the  superior  h hemorrhoidal. 

Branches. — (a)  The  left  colic  artery  (a.  colica  sinistra)  arises  from  the  left  side  of 
he  inferior  mesenteric  near  its  origin.  It  runs  upwards  and  to  the  left  towards  the  splenic 
lexure  of  the  colon,  where  it  divides  into  ascending  and  descending  branches.  The 
acending  branch  crosses  in  front  of  the  lower  end  of  the  left  kidney,  passes  between  the 
iyers  of  the  transverse  mesocolon,  and,  tuniing  inwards,  terminates  by  joining  the  left 
»ranch  of  the  middle  colic  artery.  The  descending  branch  passes  downwards  behind  the 
leritoueum  to  the  inner  side  of  the  descending  colon  to  unite  with  the  superior  sigmoid  \ 
rtery,  and  from  the  loops  thus  formed  branches  are  distributed  to  the  descending  colon.  \ 

In  the  whole  of  its  course  the  left  colic  artery  lies  behind  the  peritoneum,  and  on  the  \ 

oeterior  abdominal  wall ;  it  crosses  in  front  of  the  left  psoas  and  the  left  ureter. 
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(6)  I'hc  sigmoid  branches  (aa.  signioidese),  usually  two  in  number,  arise  from  tbe 
convexity  of  the  inferior  mesenteric,  and  pass  downwards  and  outwards  to  tbe  iliac 
colon.  They  lie  behind  the  peritoneum,  and  in  front  of  the  psoas,  the  ureter,  and  tbe 
upper  part  of  the  iliacus.  They  terminate  by  dividing  into  branches  which  anastomoee 
with  the  left  colic  above  and  with  branches  of  the  superior  hsemorrhoidal  below,  forming 
a  series  of  arches  from  which  branches  are  distributed  to  the  lower  part  of  the  descending 
colon,  the  iliac  colon,  and  the  pelvic  colon. 

(c)  The  superior  haemorrhoidal  artery  (a.  haemorrhoidalis  superior)  is  the  direit 
continuation  of  the  inferior  mesenteric.  It  enters  the  mesentery  of  the  pelvic  coloa 
crosses  the  front  of  the  left  common  iliac  artery,  descends  into  the  pelvis  as  f ar  as  th« 
third  piece  of  the  sacrum,  or  in  other  words  the  junction  between  the  pelvic  colon  and 
the  rectum,  and  divides  into  two  branches  which  pass  downwards  on  the  sides  of  the 
rectum.  Half-way  down  the  rectum  each  of  the  two  terminal  branches  of  the  superior 
hfemorrhoidal  artery  divides  into  two  or  more  branches  which  pass  through  the  muscular 
coats  and  terminate  in  the  submucous  tissue,  where  they  divide  into  numerous  small  branches 
which  pass  vertically  downwards,  anastomosing  with  each  other,  with  offsets  from  the  middle 
luemorrhoidal  branches  of  the  internal  iliac  arteries,  the  inferior  htemorrhoidal  braoches 
of  the  internal  pudic  arteries,  and  with  branches  from  the  middle  sacral  artery. 

The  superior  heemorrhoidal  artery  supplies  the  mucous  membrane  of  the  pelvic  ooko 
and  the  rectum  and  the  muscular  coats  of  the  pelvic  colon. 

THE  INTERNAL  ILIAC  ARTERY. 

The  internal  iliac  or  hjrpogastric  artery  (a.  hypogastrica,  Figs.  634,  637,  and 
640)  in  the  foetus  is  tbe  direct  continuation  of  tbe  common  iliac  trunk.  It 
supplies  numerous  branches  to  the  pelvis,  runs  upwards  on  the  anterior  abdominal 
wall  to  the  umbilicus,  and  is  prolonged  as  the  umbilical  artery  to  the  placenta. 
One  of  its  pelvic  branches — the  sciatic — is  at  first  the  main  artery  of  the  inferior 
extremity,  but  subsequently  another  branch  is  given  oft'  which  becomes  the  chief 
arterial  trunk  of  the  lower  limb.  This  branch  is  the  external  iliac  artery ;  it  soon 
equals  and  ultimately  exceeds  the  internal  iliac  in  size,  and  it  is  into  these  two 
vessels  that  the  common  iliac  appears  to  bifurcate. 

When  the  placental  circulation  ceases  and  the  umbilical  cord  is  severed,  the 
part  of  the  internal  iliac  trunk  which  extends  from  the  pelvis  to  the  umbilicos 
atrophies,  and  is  afterwards  represented  almost  entirely  by  a  fibrous  cord,  known 
as  the  obliterated  hypogastric  artery.  It  is  only  at  its  proximal  end  that  the 
atrophied  part  remains  pervious,  and  here  it  forms  the  commencement  of  the 
superior  vesical  artery ;  accordingly,  the  permanent  internal  iliac  artery  is  a  com- 
paratively short  vessel.  Owing  to  the  arrangement  of  some  of  its  branches  it 
appears  to  end  in  an  anterior  and  a  posterior  division,  the  former  of  which  is  to 
be  regarded  as  the  continuation  of  the  vessel  to  the  obliterated  hypogastric,  whilst 
the  latter  is  simply  a  common  stem  of  origin  for  some  of  the  branches. 

With  this  explanation  the  internal  iliac  artery  may  be  described  in  the  usoal 
manner. 

It  arises  from  the  common  iliac  opposite  the  lumbo-sacral  articulation,  and 
descends  into  the  pelvis,  to  terminate,  as  a  rule,  opposite  the  upper  border  of  the 
great  sciatic  notch,  in  two  divisions — ^anterior  and  posterior — from  each  of  which 
branches  of  distribution  are  given  off.  The  artery  measures  about  one  and  a  half 
inches  in  length,  and  is  the  inner  of  the  two  terminal  branches  of  the  common 
ihac  artery. 

Relations — Anterior. — The  artery  on  each  side  is  covered  in  front  and  inteniallj 
by  peritoneum,  under  which  the  corresponding  ureter  descends  along  the  anterior  border 
of  the  artery.  The  ilio-pelvic  colon  crosses  from  the  front  to  the  inner  side  of  the  left 
artery,  and  the  terminal  part  of  the  ileum  bears  the  same  relation  to  the  right  artery. 

Posterior  to  it  are  the  internal  iliac  vein  and  the  commencement  of  the  conmion  iliac 
vein  ;  behind  these  is  the  lumbo-sacral  cord  and  the  sacrum. 

Lateral. — On  its  outer  side  the  external  iliac  vein  separates  it  from  the  psoas  muacle 
above,  whilst  below  this  is  the  obturator  nerve,  embedded  in  a  mass  of  fat  which  interfOMi 
between  the  internal  iliac  artery  and  the  side  wall  of  the  pelvis.  On  its  inner  side  it  ii 
crossed  by  some  of  the  tributaries  of  the  internal  iliac  vein,  and  is  covered  by  paritonflnia 
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Branohee. — The  internal  iliac  artery  supplies  the  greater  part  of  the  pelvic 
vail  and  viscera,  and  its  branches  are  also  distributed  to  the  buttock  and  thigh 
nd  to  the  external  organs  of  generation. 

All  the  branches  may  be  given  off  separately  from  a  single  undivided  parent 


xiemal  iliAc  vi^ju- 
Paofts  inuMilf  - 

oepctrcamtleic  UIaq 

»rtery 

Superior  vft-*icatl  »t  ' 

ObtiinLtar  velu 

)cep  epigastjie  arLer> 

Rouni)  KgKijir'tit 

Obtunitcpr  rn^rvt 

ObtunUxFr  arlnry 


»l  alter;  of  clitorta 
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GLaUal  artery 
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Fig.  637.— The  Intbrkal  Iliac  Artery  and  its  Branches  in  the  Female. 


1.  Great  sacro-sciatic  ligament. 

2.  Uterine  artery. 

3.  Vaginal  artery. 

4.  Inferior  haemorrhoidal  nerve. 

5.  Inferior  haemorrhoidal  artery.    ^ 


6.  Dorsal  nerve  of  clitoris. 

7.  Internal  pudic  artery. 

8.  Perineal  nerve. 

9.  Superficial  perineal  artery. 
10.  Artery  to  bulb. 


:runk,  but  as  a  rule  they  arise  in  two  groups  corresponding  to  the  two  divisions  in 
ivhich  the  artery  imder  these  circumstances  appears  to  end. 

jllio-lumbar 
Posterior  division   [  parietal  -  Lateral  sacral 
^  iOluteal 

rObturator 
parietal     Sciatic 

internal  pudic 
Superior  vesical 

(Obliterated  hypogastric) 
visceral  -  Middle  vesical 
Inferior  vesical 
Middle  hamiorrhoidal. 

In   the  female  the  inferior  vesical  is  replaced  by  a  vaginal  branch,  and  an 
additional  branch,  the  uterine,  is  given  off. 
58 


Anterior  division 
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Branches  of  the  Posterior  Division. 

The  posterior  tenniiial  division  gives  off  the  ilio-lumbar  and  lateral  sacral 
arteries,  and  is  continued  as  the  ghiteal  artery.  No  visceral  branches  are  derive^l 
from  this  division. 

1.  Ilio-lumbar  Artery  (a.  ilio-lunibalis). — This  vessel  nms  upwards  and  outwards 
across  the  brim  of  the  pcJvis  to  tlie  iliac  fossa.  It  passes  in  front  of  the  sacro-iliac 
articulation,  between  the  lumbo-sacral  cord  and  the  obturator  nerve,  and  l^ehind 
either  the  lower  part  of  the  common  or  the  upper  part  of  the  external  iliac  vessels 
and  the  psoas  and  iliacus  musclea 

In  the  iliac  fossa  it  anastomoses  with  branches  of  the  deep  circumflex  iliac  an  J 
obturator  arteries.  It  also  gives  off  offsets  to  the  iliacus,  and  supplies  a  large 
nutrient  branch  to  the  ilium.  A  lumbar  branch  (ramus  lumbalis)  ascends  l^ehind  the 
psoas  to  the  crest  of  the  ilium.  It  supplies  the  psojis  and  quadratus  lumborum. 
and  anastomoses  with  the  lumbar  and  deep  circumflex  iliac  arteries ;  it  also  givts 
off  a  spinal  branch  which  enters  the  intervertebral  foramen  between  the  fifth 
lumbar  vertebra  and  the  sacrum,  and  is  distributed  like  the  spinal  branches  of  the 
lumbar  and  aortic  intercostal  arteries. 

2.  Lateral  Sacral  Arteries  (aa.  sacrales  laterales).  —  There  is  sometimes 
only  a  single  lateral  sacral  artery  on  each  side;  more  commonly  there  are  two, 
suy)erior  and  inferior. 

Both  branches  run  downwards  and  inwards  on  the  front  of  the  sacrum.  The 
inferior  passes  in  front  of  the  pyriformis  and  the  sacral  nerves,  and  descends  on 
the  outer  side  of  the  sympathetic  cord  to  the  coccyx  where  it  terminates  by 
anastomosing  with  the  middle  sacral.  The  superior  branch  only  reaches  as  far  a? 
the  first  or  the  second  anterior  sacral  foramen,  and  then  it  enters  the  sacral  canal. 
It  anastomoses  with  the  lower  branch  and  with  the  middle  sacral  artery.  Trans^'erse 
branches  are  given  off  by  the  lateral  sacral  arteries  to  the  pyriformis,  and  to  the 
sacral  nerves.  Spinal  offsets  are  also  given  off*,  which  pass  through  the  anterior 
sacral  foramina  to  the  sacral  canal ;  they  supply  the  membranes  of  the  cord,  the  roots 
of  the  sacral  nerves,  and  the  filum  terminale,  and  anastomose  with  other  spinal 
art(^ries.  They  then  pass  backwards  through  the  posterior  sacral  foramina,  and 
anastomose  on  the  back  of  the  sacrum  with  branches  of  the  gluteal  and  sciatic 
arteries. 

3.  Oluteal  Artery  (a.  glutaia  superior.  Figs.  637  and  643). — After  giWng  off  the 
iUo-lumbar  and  lateral  sacral  branches,  the  posterior  diWsion  of  the  internal  iliac  is 
continued  as  the  gluteal  artery.  This  is  a  large  vessel  which  pierces  the  pelvic 
fascia,  passes  backwards  between  the  lumbo-sacral  cord  and  the  first  sacral  nen'e, 
and  leaves  the  \ye\vm  through  the  upper  part  of  the  great  sciatic  foramen.  It  runs 
above  the  pyrifonnis  muscle  to  the  buttock,  immediately  on  reaching  which  it 
tenninates,  between  the  adjacent  borders  of  the  pyrifonnis  and  gluteus  medius 
muscles  and  beneath  the  gluteus  maximus,  by  dividing  into  superficial  and  deep 
branches. 

(a)  The  superflcial  branch  divides  at  once  into  numerous  branches,  some  of  which  supply 
the  gluteus  maximus,  whilst  others  pass  through  it,  near  its  origin,  to  the  overlying  skin. 
The  brandies  freely  anastomose  with  branches  of  the  sciatic,  internal  pudic,  internal 
circumflex,  deep  circumflex  iliac,  and  lateral  sacral  arteries. 

(b)  The  deep  terminal  branch,  accompanied  by  the  superior  gluteal  nerve,  nms  forwards 
between  the  gluteus  medius  and  minimus,  and,  after  giving  a  nutrient  branch  to  the  ilium, 
Hubdivides  intx)  upper  and  lower  branches.  The  upper  branch,  running  forwards  along 
the  origin  of  the  gluteus  minimus  from  the  middle  curved  line  of  the  ilium,  passes 
beyond  the  anterior  margins  of  the  gluteus  medius  and  minimus  to  anastomose,  uuder 
cover  of  the  tensor  fascite  femoris,  witii  the  ascending  branch  of  the  external  circumflex 
artery.  It  also  anastomoses  with  the  circumflex  iliac  artery,  and  it  supplies  muacular 
branches  to  the  adjacent  muscles.  The  loicer  branch  passes  more  directly  forwards, 
across  the  gluteus  minimus,  towards  the  trochanter  major,  along  with  the  branch  of  the 
superior  gluteal  nerve  which  supplies  the  tensor  fasciie  femoris.  It  supplies  the  glutei 
muscles,  and  anastomoses  with  the  ascending  branch  of  the  external  circumflex  aiteiy. 

Before  leaving  the  pelvis  the  gluteal  artery  gives  muacular  branches  to  the  peltk 
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iragm  and  the  obturator  interims,  small  neural  branches  to  the  roots  of  the  sacral 
IS,  and  nntrient  branches  to  the  hip-bone. 

Branches  of  the  Anterior  Division  of  the  Internal  Iliac  Artery. 

Che  anterior  division  gives  ofif  both  parietal  and  visceral  branches,  and  is 
inued  as  the  hypogastric  artery,  which  for  the  greater  part  of  its  extent  is 
derated.  The  parietal  branches  are  the  obturator,  the  pudic,  and  the  sciatic. 
visceral  branches  include  the  superior,  middle  and  inferior  vesical,  and  the 
lie  haemorrhoidal  arteries  in  the  male.  Similar  visceral  branches  are  also 
n  off  in  the  female,  but  the  inferior  vesical  is  replaced  by  the  vaginal  artery, 
an  additional  branch,  the  uterine  artery,  is  also  given  off. 

Visceral  Branches. 

L.  The  superior  vesical  artery  (a.  vesicaUs  superior)  arises  from  the  anterior 
aion  of  the  internal  iliac.  It  divides  into  numerous  branches  which  supply 
upper  part  of  the  bladder,  anastomosing  with  the  other  vesical  arteries,  and  it 

gives  small  branches  to  the  urachus,  and  often  to  the  lower  part  of  the 
er.     It  may  in  addition  give  ofif  the  middle  vesical  artery,  and  not  un- 
uently  the  long  slender  artery  to  the  vas  deferens  arises  from  one  of  its 
iches. 
I.  Obliterated  Hypogastric  Artery. — Atrophy  of  that  portion  of  the  internal 

artery,  which  extends  from  the  side  of  the  bladder  to  the  umbilicus  (a.  umbili- 
i),  has  already  been  referred  to.  It  is  complete  between  the  umbilicus  and 
true  origin  of  the  superior  vesical  artery,  but  between  this  origin  and  the 
irent  ending  of  the  internal  iliac  in  its  two  divisions  the  atrophy  is  incomplete, 

the  lumen  of  the  vessel,  though  greatly  diminished  in  size,  remains,  and  is 
ed  upon  as  the  first  part  of  the  superior  vesical  artery.  Strictly  speaking,  the 
of  these  two  parts  only  constitutes  the  "  obliterated  hypogastric  "  (ligament  um 
ilicale  laterale).  It  is  a  fibrous  cord  which  runs  forwards  and  upwards 
;rds  the  apex  of  the  bladder,  whence  it  ascends  on  the  posterior  surface  of 
interior  abdominal  wall  and  on  the  outer  side  of  the  urachus  to  the  umbilicus, 
t  passes  along  the  wall  of  the  pelvis  it  is  under  cover  of  the  peritoneum,  and  it 
oased  by  the  vas  deferens  in  the  male,  and  by  the  round  ligament  in  the  female. 
\.  The  middle  vesical  artery  is  usually  given  ofif  behind  the  superior  vesical. 

distributed  to  the  posterior  surface  of  the  bladder  as  low  down  as  the  base ; 
to  the  vesiculjB  seminales. 

k  The  inferior  vesical  artery  (a.  vesicaUs  inferior)  is  a  very  constant  branch 
;h  runs  inwards  upon  the  upper  surface  of  the  levator  ani  to  the  base  of  the 
der.     It  also  gives  branches  to  the  seminal  vesicles,  the  vas  deferens,  the  lower 

of  the  ureter  and  the  prostate,  and  it  anastomoses  with  its  fellow  of  the 
•site  side,  with  the  other  vesical  arteries,  and  with  the  middle  hsemorrhoidal 

7- 

Che  artery  to  the  vas  (a.  defereutialis),  which  not  unfrequently  arises  from  the 
rior  vesical,  is  a  long  slender  vessel  which  runs  downwards  to  the  vas  and 
tula  seminales,  and  is  then  continued  with  the  vas  deferens  to  the  testicle, 
•e  it  anastomoses  with  the  spermatic  artery.  It  also  anastomoses  with  the 
lasteric  branch  of  the  deep  epigastric  artery. 

•.  The  middle  hsemorrhoidal  artery  (a.  haemorrhoidalis  media)  is  an  irregular 
ch  which  arises  either  directly  from  the  anterior  division  of  the  internal  iliac  or 
.  the  inferior  vesical  branch ;  more  rarely  it  springs  from  the  internal  pudic 
y.  It  runs  inwards,  and  is  distributed  to  the  muscular  coats  of  the  rectum ; 
JO  gives  branches  to  the  prostate,  the  seminal  vesicle,  and  the  vas  deferens,  and  it 
tomoses  with  its  fellow  of  the  opposite  side,  with  the  inferior  vesical,  and  with 
mperior  and  inferior  haimorrhoidal  arteries. 

I.  The  vaginal  artery  (a.  vaginalis)  in  the  female  usually  corresponds  to 
nferior  vesical  in  the  male ;  in  which  case  it  arises  from  the  anterior  division 
le  internal  iliac,  either  independent)^  amon  with  the  uterine  artery. 
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Occasionally  both  inferior  vesical  and  uterine  vessels  are  present,  and  not  un- 
commonly the  vaginal  artery  is  represented  by  several  branche& 

The  vaginal  arteries  run  downwards  and  inwards  on  the  floor  of  the  pelvis 
to  the  sides  of  the  vagina,  and  divide  into  numerous  branches  which  ramify 
on  its  anterior  and  posterior  walls.  The  corresponding  branches  of  opposite 
sides  anastomose  and  form  anterior  and  posterior  longitudinal  vessels,  the  so-called 
azygos  arteries.  They  also  anastomose  above  with  the  cervical  branches  of  the 
uterine  artery,  and  below  with  the  perineal  branches  of  the  internal  pudic.  In 
addition  to  supplying  the  vagina,  small  branches  are  given  to  the  bulb  of  the 
vestibule,  to  the  base  of  the  bladder,  and  to  the  rectum. 

7.  The  uterine  artery  (a.  uterina)  arises  from  the  anterior  division 
of  the  internal  iliac,  either  separately  or  in  connnon  with  the  vaginal  or  middle 
haemorrhoidal  arteries.  It  runs  inwards  and  sUghtly  forwards,  upon  the  upper 
surface  of  the  levator  ani,  to  the  lower  border  of  the  broad  ligament,  between  the 
two  layers  of  which  it  passes  inwards,  and  arches  above  the  ureter  about  three- 
quarters  of  an  inch  from  the  uterus.  It  passes  above  the  lateral  fornix  of  the 
vagina  to  the  side  of  the  neck  of  the  uterus,  and  is  then  directed  upwards,  until 
it  almost  reaches  the  fundus,  just  below  which,  however,  it  turns  outwards  beneath 
the  isthmus  of  the  Fallopian  tube  and  anastomoses  with  the  ovarian  arteir. 
It  supplies  the  uterus,  the  upper  part  of  the  vagina,  the  inner  part  of  the 
Fallopian  tube,  and  gives  branches  to  the  round  Ugament  of  the  uterua  It 
anastomoses  with  its  fellow  of  the  opposite  side,  and  with  the  vaginal,  the  ovariau. 
and  the  deep  epigastric  arteries. 

Paribtal  Branches  of  the  Anterior  Division  of  the  Internal  Iliac. 

1.  The  obturator  artery  (a.  obturatoria.  Figs.  637  and  640)  runs  forwards  and 
downwards  along  the  lateral  wall  of  the  true  pelvis,  just  below  its  brim,  to  the 
obturator  foramen,  through  the  upper  part  of  which  it  passes.  It  terminates  im- 
mediately on  entering  the  thigh  by  dividing  into  internal  and  external  terminal 
branches,  which  skirt  round  the  margin  of  the  obturator  foramen  beneath  the 
obturator  exteruus  muscle.  It  is  accompanied  in  the  whole  of  its  course  by  the 
obturator  nerve  and  vein,  the  former  being  above  it  and  the  latter  below. 

To  its  outer  side  is  the  pelvic  fascia,  which  intervenes  between  it  and  the  upper 
part  of  the  obturator  internus  muscle,  whilst  on  its  iimer  side  it  is  covered  by 
peritoneum;  between  the  peritoneum  and  the  artery  is  the  ureter.  When  tl^ 
bladder  is  distended  it  also  comes  into  close  relation  with  the  anterior  part  of  the 
artery.  In  the  female  the  ovarian  vessels  and  the  broad  ligament  are  on  the  inner 
side  of  the  obturator  artery. 

Branches. — All  the  branches  except  the  terminal  are  given  off  before  the  arterr 
leaves  the  pelvis.  They  include : — (a)  Muscular  branches  to  the  obturator  intcmus, 
levator  ani  and  ilio-psoas  muscles.  (6)  A  nutrient  branch  to  the  ilium,  which  puses 
beneath  the  ilio-psoas  muscle,  supplies  the  bone,  and  anastomoses  with  the  ilio-lumbtr 
artery,  (c)  A  vesical  branch,  or  branches,  pass  inwards  to  the  bladder  beneath  the 
lateral  false  ligament,  (d)  A  pubic  branch  (ramus  pubicus),  which  ascends  on  the  hack 
of  the  pubes,  and  anastomoses  with  its  fellow  of  the  opposite  side  and  with  the  puhic 
branch  of  the  deep  epigastric,  is  given  off  just  before  the  artery  leaves  the  pelvis.  Id 
its  upward  course  it  may  pass  either  on  the  outer  or  inner  side  of  the  external  iliac  vein, 
whilst  not  imfrequently  it  runs  on  the  inner  side  of  the  crural  ring.  In  the  latter  case 
it  is  important  in  relation  to  femoral  hernia ;  and  this  importance  is  emphasised  vhen, 
as  sometimes  happens,  the  obturator  artery  arises  as  an  enlarged  pubic  branch  of  the 
deep  epigastric  artery  instead  of  from  the  internal  iliac,  (e)  Terminal — The  mternal 
terminal  branch  (ramus  anterior)  runs  forwards,  and  the  external  (ramus  posterior) 
backwards  round  the  margin  of  the  obturator  foramen.  They  lie  on  the  obtunitor 
membrane,  and  under  cover  of  the  obturator  extemus.  They  anastomose  together  at 
the  lower  margin  of  the  foramen,  and  both  give  off  offsets  which  anastomose  with  the 
internal  circumflex  artery,  and  twigs  of  supply  to  the  adjacent  muscles.  The  extenal 
branch  also  gives  an  acetabular  branch  to  the  hip-joint,  which  passes  upwards,  througb 
the  cotyloid  notch  on  the  inner  side  of  the  transverse  ligament,  to  supply  the  . 
terea  and  the  head  of  the  feumr. 
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2.  Internal  Pndic  Artery  (a.  pudenda  interna,  Figs.  637  and  638).— The 
internal  pudic  artery  arises  from  the  anterior  division  of  the  internal  iliac  close  to 
the  origin  of  the  sciatic  artery,  which  slightly  exceeds  it  in  size.  It  runs  down- 
wards and  backwards  in  front  of  the  pyriformis  muscle  and  the  sacral  plexus,  from 
both  of  which  it  is  separated  by  the  pelvic  fascia,  and  on  the  outer  side  of  the 
rectum  to  the  lower  part  of  the  great  sciatic  foramen.  In  this  course  it  pierces 
the  pelvic  fascia,  passes  between  the  pyriformis  and  coccygeus  muscles,  and  leaves 
the  pelvis  to  enter  the  buttock  in  company  with  the  corresponding  veins,  the 
sciatic  vessels  and  nerves,  the  pudic  nerve,  and  the  nerve  to  the  obturator  internus. 
In  the  buttock  it  lies,  under  cover  of  the  gluteus  maximus,  on  the  spine  of  the 
ischium,  between  the  pudic  nerve  and  the  nerve  to  the  obturator  internus,  the 
former  being  internal  to  it.     It  next  passes  through  the  small  sciatic  foramen 


Cnu-ptsiLrit 


Saperficial  pt-rineti] 


Transveraus  period  i 


Internal  pndic  {irtery  ^. 

Inferior  hn^mnr     '  * 

rhoidal  Kft4  r^ 

Levator  i^it^l^ 

V 

Sphincter  aiiL^B 

Cni8  penis 

t  lonial  artery  of  penis 
add  artery  to  corpus 
ciivemosum 

tlulb  of  penis 
Compressor  urethrae 

Artery  to  bulb 

Nnperflcial  perineal 
Jirtery 

r  ransverse  perineal 
urtery 

Tiitemal  pudic  artery 

nferior  hsemor- 
linidal  artery 


'  rliiteus  maxiniUB 


Fio.  638.— The  Perineal  Distribution  op  the  Internal  Pudic  Artery  in  the  Male. 

and  enters  the  perineum,  in  the  anterior  part  of  which  it  terminates  by  dividing 
into  the  artery  of  the  corpus  cavernosum  and  the  dorsal  artery  of  the  penis. 

In  the  first  part  of  its  course  in  the  perineum  the  artery  lies  in  the  outer 
fascial  wall  of  the  ischio-rectal  fossa,  where  it  is  enclosed  in  the  space  known  as 
Alcock's  canaL  This,  which  is  situated  about  one  and  a  half  inches  above  the 
lower  margin  of  the  tuberosity  of  the  ischium,  contains  also  the  pudic  veins  and 
the  terminal  parts  of  the  pudic  nerve,  viz.  the  dorsal  nerve  of  the  penis  which  lies 
above  the  artery,  and  the  perineal  division  which  lies  below  the  vessel.  From  the 
ischio-rectal  fossa  the  internal  pudic  is  continued  forwards  between  the  two  layers 
of  the  triangular  ligament  of  the  urethra,  and  close  to  the  ramus  of  the  pubis.  About 
half-an-inch  below  the  subpubic  ligament  it  turns  somewhat  abruptly  forwards, 
pierces  the  anterior  layer  of  the  triangular  ligament,  and  immediately  divides  into 
its  terminal  branches,  viz.  the  artery  of  the  corpus  cavernosum  and  the  dorsal 
artery  of  the  penis.  The  division  sometimes  takes  place  whilst  the  artery  is  still 
between  the  layers  of  the  triangular  ligament. 

Branches. — In  the  pelvis  it  gives  small  branches  to  the  neighbouring  muscles  and  to 
the  roots  of  the  sacral  plexus. 
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In  the  huttock. — (a)  Muscular  branches  are  given  to  the  adjacent  muscles.  (6) 
Anastomotic  branches  unite  with  branches  of  the  ghiteal,  sciatic  and  internal  circumtlei 
arteries. 

In  the  ischiorectal  fomi, — (c)  The  inferior  hemorrhoidal  artery  (a.  hsemorrhoidalij. 
inferior)  pierces  the  inner  wall  of  Alcock's  canal,  and  runs  obliquely  for^'ards  and  inwards. 
It  soon  divides  into  two  or  three  main  branches,  which,  sometimes  arising  separately,  pass 
across  the  space  to  the  anal  passage.  The  artery  anastomoses  in  the  walls  of  the  anal 
passage  with  its  fellow  of  the  opposite  side,  and  with  the  middle  and  superior  haeinor- 
rhoidal  arteries ;  it  also  anastomoses  with  the  transverse  perineal  arteries,  and  it  sup{)lie5 
cutaneous  twigs  to  the  region  of  the  anus,  and  others  which  turn  round  the  lower  Iwnier 
of  the  gluteus  maximus  to  supply  the  lower  part  of  the  buttock. 

{d)  The  superficial  perineal  artery  (a.  perinei)  arises  in  the  anterior  part  of  the  ischio- 
rectiil  fossa,  pierces  the  base  of  the  triangular  ligament,  and  divides  into  long  slender 
branches  (aa.  scrotales  posteriores  in  the  male,  labiales  posteriores  in  the  female)  which 
are  continued  forwards  in  the  urethral  triangle,  beneath  the  superficial  perineal  fascia, 
to  the  scrotum.  It  anastomoses  with  its  fellow  of  the  opposite  side,  with  the  transverse 
perineal  and  the  external  pudic  arteries,  and  it  supf)lies  the  muscles  and  subcutaneous 
structures  of  the  urethral  triangle. 

{e)  The  transverse  perineal  artery  is  a  small  branch  which  arises  either  from  the  internal 
pudic  or  from  its  superficial  perineal  branch.  It  runs  inwards  along  the  base  of  the 
triangular  ligament  to  the  central  point  of  the  perineum,  where  it  anastomoses  with  its 
fellow  of  the  opposite  side,  with  the  superficial  perineal  branch,  and  with  the  inferior 
hjemorrhoidal  arteries.  It  supplies  the  sphincter  ani,  the  bulbo-cavemosiis  or  sphinctw' 
vaginte,  and  the  anterior  fibres  of  the  levator  ani. 

In  the  nirthml  triangle, — (/)  The  artery  to  the  bulb  (a.  bulbi  urethne),  a  branch 
which  is  usually  of  relatively  large  size,  is  given  off  between  the  layers  of  the  triangular 
ligament.  It  runs  transversely  inwards  along  the  posterior  border  of  the  compressor 
urethne,  and  then  turning  forwards  a  short  distance  from  the  outer  side  of  the  urethra. 
it  pierces  the  anterior  layer  of  the  triangular  ligament  and  enters  the  substance  of  the 
bulb.  It  passes  onwards  in  the  corpus  sjwngiosum  to  the  glans,  where  it  anastomoses 
with  its  fellow  and  with  the  dorsal  arteries  of  the  penis. 

It  supplies  the  compressor  urethra;  muscle,  C-owper's  gland,  the  corpus  spongiosum, 
and  the  penile  jwirt  of  the  urethra.  In  the  female  this  artery  supplies  the  bulb  of  the 
vestibule. 

(v)  The  artery  of  the  corpus  cavemosum  (a.  profunda  penis  in  the  male ;  a.  pro- 
funda ditoridis  in  the  female)  is  usually  the  larger  of  the  two  terminal  branches. 
Immediately  after  its  origin  it  enters  the  cms  penis,  and  runs  forwards  in  the  coqms 
cavemosum,  which  it  supplies. 

(A)  The  dorsal  artery  of  the  penis  (a.  dorsalis  penis  in  the  male ;  a.  dorsalis  clitoridis 
in  the  female)  passes  forwards  between  the  layers  of  the  suspensory  ligament-,  and  runs 
along  the  dorsal  surface  of  the  penis  with  the  dorsal  nerve  immediately  to  its  outer  side, 
whilst  it  is  separated  from  its  fellow  of  the  opposite  side  by  the  median  deep  dorsal  vein. 
It  supplies  the  superficial  tissues  on  the  dorsal  aspect  of  the  penis,  sends  branches  inU> 
the  corpus  cavemosum  to  anastomose  with  the  artery  to  the  corpus  cavemosum,  and  it* 
terminal  branches  enter  the  glans  penis,  where  they  anastomose  with  the  arteries  to  the 
bulb.     It  also  anastomoses  with  the  external  pudic  branches  of  the  femoral. 

3.  Sciatic  Artery  (a.  glutsea  inferior,  Figs.  637  and  639). — The  sciatic  artery 
arises,  usually  distinct  from  the  pudic  artery,  but  sometimes  in  common  Mrith  it, 
from  the  anterior  division  of  the  internal  iliac.  It  descends  a  little  l^ehind  and 
external  to  the  pudic  vessels,  pierces  the  pelvic  fascia,  runs  backwards  between 
the  first  and  second,  or  second  and  third  sacral  nerves,  and  passing  between  the 
pyriformis  and  coccygeus  muscles,  leaves  the  pelvis  through  the  lower  part  of  the 
great  sciatic  foramen,  and  enters  the  buttock  just  below  the  pyriformis.  In  the 
buttock  it  descends  behind  and  to  the  inner  side  of  the  great  sciatic  nerve  beneath 
the  gluteus  maximus,  and  l>ehind  the  obturator  internus,  the  two  gemelli,  the 
quadratus  femoris,  and  upper  part  of  the  adductor  magnus  muscles,  to  the  upper 
part  of  the  thigh. 

Below  the  lower  border  of  the  gluteus  maximus  the  artery  is  comparatively 
superficial,  and  having  given  off  its  largest  branches,  it  descends  as  a  long  slender 
vessel  with  the  small  sciatic  nerve. 

branches. — In  the  j^hns, — Small  and  irregular  branches  supply  the  adjacent  visccii 
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ARTERIES  OF  THE  LOWER  EXTREMITY. 

The  main  artery  of  each  lower  limb  is  continued  from  the  corresponding  com- 
mon iliac  artery.  It  descends  as  a  single  trunk  as  far  as  the  lower  border  of  the 
popliteus,  and  ends  there  by  dividing  into  the  anterior  and  posterior  tibial  arteries. 
Distinctive  names  are,  however,  applied  to  different  parts  of  the  artery,  correspond- 
ing to  the  several  regions  through  which  it  passes.  Thus  in  the  abdomen  it  is 
called  the  external  iliac  artery,  in  the  upper  two-thirds  of  the  thigh  it  receives  the 
name  of  the  femoral  artery,  whilst  its  lower  part,  which  is  situated  on  the  flexor 
aspect  of  the  knee,  is  termed  the  popliteal  artery. 

THE  EXTERNAL  ILIAC  ARTERY. 

The  external  iliac  artery  (a.  iliaca  externa)  extends  from  a  point  opposite  the 
sacro-iliac  joint  at  the  level  of  the  lumbo-sacral  articulation  to  a  point  beneath 
Poupart's  ligament,  midway  between  the  anterior  superior  spine  of  the  ilium  and 
the  symphysis  pubis,  where  it  becomes  the  femoral  artery.  Its  leneth  is  about 
three  and  a  half  inches  (87  to  100  mm.),  and  in  the  adult  it  is  usuaUy  somewhat 
larger  than  the  internal  iliac  artery. 

It  runs  downwards,  outwards,  and  forwards  along  the  brim  of  the  pelvis,  rest- 
ing upon  the  iliac  fascia,  which  separates  it  above  from  the  inner  border,  and 
below  from  the  anterior  surface  of  the  psoas  muscle,  and  it  is  enclosed  with  its 
accompanying  vein  in  a  thin  fascial  sheath. 

Relations. — Anterior, — It  is  covered  in  front  by  peritoneum,  which  separates  it  on 
the  left  side  from  the  pelvic  colon,  iliac  colon,  and  coils  of  small  intestine,  and  on  the  right 
side  from  the  terminal  portion  of  the  ileum,  and  sometimes  from  the  vermiform  appendiL 
The  ureter,  descending  behind  the  peritoneum,  sometimes  crosses  the  front  of  the  arteir 
near  its  origin,  and  in  the  female  the  ovarian  vessels  cross  the  upper  part  of  the  arteir. 
Near  its  lower  end  the  artery  is  crossed  anteriorly  by  the  genital  branch  of  the  genito- 
crural  nerve  and  by  the  deep  circumflex  iliac  vein.  In  the  male  this  part  of  the  artery  is 
also  crossed  by  the  vas  deferens,  and  in  the  female  by  the  round  ligament  of  the  utenis. 
Several  iliac  lymphatic  glands  lie  in  front  and  at  the  sides  of  the  external  iliac  artery,  and 
almost  invariably  one  of  these  is  directly  in  front  of  its  termination. 

PosUri(yi\ — The  iliac  fascia  and  psoas  muscle  lie  behind  the  artery.  Near  its  upper 
end  the  obturator  nerve  is  also  posterior  to  the  vessel. 

Lateral. — Externally  is  the  genito-crural  nerve  ;  internally,  and  on  a  somewhat  posterior 
plane,  is  the  external  iliac  vein. 

Branches. — In  addition  to  small  branches  to  the  psoas  muscle  and  to  the 
lymphatic  glands,  two  named  branches  of  considerable  size  spring  from  the  external 
iliac  artery,  viz.  the  deep  epigastric  and  the  deep  circumflex  iliac. 

(1)  The  deep  epigastric  artery  (a.  epigastrica  inferior,  Figs.  637  and  640)  arises 
immediately  above  Poupart's  ligament  from  the  front  of  the  external  iliac.  Curving 
forward  from  its  origin  it  lies  in  the  extra-peritoneal  fat,  it  turns  round  the  lower 
border  of  the  peritoneal  sac,  and  runs  upwards  and  inwards  along  the  inner  side  of 
the  internal  abdominal  ring  and  along  the  outer  border  of  Hesselbach's  triangle;  it 
then  pierces  the  transversalis  fascia,  passes  over  the  semilunar  fold  of  Douglas  and 
enters  the  sheath  of  the  rectus  abdominis.  For  a  short  distance  it  ascends  behind 
the  rectus,  but  it  soon  penetrates  the  substance  of  the  muscle,  and  breaks  up  into 
branches  which  anastomose  with  terminal  offsets  of  the  superior  epigastric  branch 
of  the  internal  mammary  artery  and  with  the  lower  intercostal  art^e&  At  the 
internal  abdominal  ring  in  the  male  the  vas  deferens,  the  spermatic  vessels,  and  the 
genital  branch  of  the  genito-crural  nerve  hook  round  the  front  and  outer  side  of 
the  artery,  the  vas  deferens  turning  inwards  behind  it ;  whilst  in  the  female  the 
round  ligament  of  the  uterus  and  the  genital  branch  of  the  genito-crural  nerve 
occupy  the  corresponding  positions. 

Branches. — (a)  Mnscular  branches   which  spring  mainly  from  the  outer  side  of  the 
artery  supply  the  rectus,  the  pyramidal  is,  the  transversalis,  and  the  oblique  muBolet 
the  abdominal  wall,  and  anastomose  viVtYi  VwatieVv^  o(  the  deep  circumflex  Uiae^ 


Bof     i 


TETE  EXTEl^AL  ILIAC  AETERT. 


857 


lumhrir,  mid  the  lower  iutercostiil  arteries.  (//)  OutaneouB  branchaa  wlik-li  pa»sM  from  t\w 
front  of  the  daep  epigastric  pierce  the  rectus  uklomiuis  mid  tfie  front  part  of  its  she**tU, 
and  terminate  in  the  suhcutatieous  ti?*H«es  of  the  auterior  abdominal  wall,  where  they 
anastomose  with  corresponding  bn^mchcB  of  the  opposite  mde  and  with  branches  of  the 
ftupertioinl  epigastric  artery,  (c)  The  cr&maateric  branch  (a.  spermatica  externa  in  the 
cuale,  a.  iigamenti  teretiw  uteri  in  the  female)  ia  siualL  It  descends  through  the  iugniiml 
canal  Htjd  anastomoses  with  tlie  extenial  piidic  and  superficial  perineal  artcriea^  and  in  the 
male  with  the  iipermatic  artery  al8i:i.  In  the  male  it  accompauiea  the  gf*erniatie  eord, 
j*mpplying  its  coverings,  including  the  eremaster.     In  the  female  it  runs  with  the  round 
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ligament,  {d)  The  pubic  braEch  (ramua  puhicus)  descends  either  on  the  outer  or  the  inner 
side  of  the  cninil  ring  to  anaiitoraose  with  the  pubic  bmncij  of  the  obturator  artery  ;  it  also 
anastomoses  with  its  fellow  of  the  opposite  tiide.  Sometimes  when  tlie  obturator  branch 
of  the  iiitenial  iliac  artery  is  absent,  the  pubic  branch  of  the  deep  epigastric  artery 
enlarges  and  beeomes  the  obturator  artery,  which  deseendH  to  tlie  obturator  fommen 
either  on  the  ont^er  or  tlie  inner  side  of  the  crural  ring.  In  the  latter  c-aso  the  artery  may 
be  injured  in  the  ojteratiou  for  the  relief  of  a  strangulated  femoral  heniia. 

(2)  The  deep  circumflex  iliac  artery  (a.  circnmtiexa  ilium  profunda,  Figs.  (537 
imd  640)  Bprings  from  the  outer  aide  of  the  external  iliac  artery,  usually  a  little 
below  the  deep  epigaatric,  and  immediaUdy  aliove  Pouparts  Ugaiaeut  It  runs 
outwards  and  upwards  to  the  anterior  euperior  spin©  of  the  iliiim.  In  thiB  part  of 
its  Gonree  it  lieB  juat  above  the  lower  border  of  Poupart*s  ligament*  and  is  enclosed 
in  a  fibrous  canal  formed  by  the  nnion  of  the  trausversaUs  and  iliac  faseife.  A 
little  beyond  the  anterior  aiiperior  spine  it  piercea  the  transveraaUs  abdaBsiswa,  %l^^ 
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backwards  between  the  transversalis  and  the  internal  oblique,  to 
anastomosing  with  brandies  of  the  ilio-lunibar  artery. 

Branches.  —  (ii 
Muscular  to  the 
upper  parts  of  the 
sartoriiis  and  the 
tensor  fascia^  fernoris, 
and  to  the  muscles  of 
the  alxloniinal  wall. 
One  of  the  latter 
branches  is  fre- 
ijucntly  of  consider- 
able size ;  it  pierce> 
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and  ascends  verti- 
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The  femoral 
artery  (a.  femoralis. 
Figs.  t)41  and  642  > 
continues  the  ex- 
ternal iliac  into  the 
thigh.  It  coni- 
mences  at  the  lower 
border  of  Pouport's 
ligament,  and,  de- 
scending through 
the  upper  two- 
thirds  of  the  thigh, 
terminates  at  the 

opening  in  the  adductor  niagnus.  At  one  time  it  was  customary  to  speak  of  the 
first  one  and  a  half  inches,  as  far  as  the  origin  of  the  profunda  branch,  as  the 
connnon  femoral,  and  to  siiy  that  it  divided  into  the  superficial  and  deep  femonl 
branches,  of  which  the  former  was  the  direct  continuation  of  the  common  trunL 
The  morphology  and  development  of  the  vessel  gives  no  support  for  such  terminology, 
and  it  should  be  discontinued. 

Course. — Its  general  direction  is  indicated  by  a  line  drawn  from  the  point  of 


Fk;.  t)41. — TiiK  Ff.moiial  Artkky  and  its  Bkan'chkn. 


THE  FEMORAL  ARTERY.  859 

origin  midway  between  the  anterior  superior  spine  of  the  ilium  and  the  symphysis 
pubis  to  the  adductor  tubercle,  the  thigh  being  flexed  and  rotated  outwards. 

In  its  upper  half  the  femoral  artery  lies  in  Scarpa's  triangle,  and  is  comparatively 
superficial;  at  the  apex  of  the  triangle  it  passes  beneath  the  sartorius,  enters 
Hunter  8  canal,  and  is  thus  more  deeply  placed. 

At  its  entry  into  Scarpa's  triangle  both  the  artery  and  its  vein  are  enclosed,  for 
a  distance  of  one  and  a  quarter  inches,  in  a  funnel-shaped  fascial  sheath  formed  of 
the  fascia  transversalis  in  front  and  the  iliac  fascia  behind.  This  is  called  the 
femoral  sheath;  it  is  divided  by  septa,  running  from  front  to  back,  into  three 
compartments,  the  outer  of  which  is  occupied  by  the  femoral  artery  and  genito- 
crural  nerva  The  middle  contains  the  femoral  vein,  and  the  internal  compartment 
constitutes  the  crural  canal. 

Relations. — In  Scarpa's  triangle  the  femoral  artery  is  covered  by  skin  aud  fascia, 
by  superficial  inguinal  lymphatic  glands  and  small  superficial  vessels.  The  anterior 
part  of  the  femoral  sheath  and  the  cribriform  fascia  are  in  front  of  the  upper  part  of  the 
artery,  and  the  fascia  lata  is  in  front  of  the  lower  part.  Near  the  apex  of  the  triangle 
the  artery  is  crossed  by  the  internal  cutaneous  nerve,  and  not  infrequently  by  a  tributary 
of  the  internal  saphenous  vein.  Behind,  it  is  in  relation,  from  above  downwards,  with  the 
posterior  part  of  the  femoral  sheath,  the  pubic  portion  of  the  fascia  lata  and  the  psoas, 
the  pectineus,  and  the  upper  part  of  the  adductor  longus  muscles.  The  nerve  to  the 
pectineus  passes  between  the  artery  and  the  psoas ;  the  femoral  vein  and  the  profunda 
artery  and  vein  intervene  between  it  and  the  pectineus,  and  the  femoral  vein  also  separates 
it  from  the  adductor  longus. 

The  femoral  vein  which  lies  behind  the  artery  in  the  lower  part  of  Scarpa's  triangle 
passes  to  its  inner  side  above,  but  is  separated  from  the  artery  by  the  outer  septum  of 
the  femoral  sheath.  On  the  outer  side  of  the  artery  is  the  anterior  crural  nerve  above  ; 
lower  down  the  internal  saphenous  nerve  and  the  nerve  to  the  vastus  internns  are 
continued  on  the  outer  side.  The  crural  branch  of  the  genito-crural  nerve  is  in  front  and 
to  the  outer  side  above,  aud  runs  for  a  short  distance  in  the  femoral  sheath. 

In  Hunter^B  canal  the  artery  has  behind  it  the  adductor  longus  and  the  adductor 
magnus,  whilst  in  front  and  to  the  outer  side  is  the  vastus  intemus.  The  femoral  vein  is 
also  behind  the  artery,  but  lies  to  its  outer  side  below  and  to  its  inner  side  above. 
Superficial  to  the  artery  is  the  fascial  roof  of  the  canal,  upon  which  is  the  sub-sartorial 
plexus  of  nerves  and  the  sartorius  muscle.  The  internal  or  long  saphenous  nerve  enters 
Hunter's  canal  with  the  artery,  and  runs  first  on  its  outer  side,  then  in  front,  and  lastly 
on  its  inner  side. 

Branches. — The  femoral  artery  gives  oif  the  following  branches  :- 

(1)  Superficial  branches. 

(a)  The  superficial  external  pudic. 

(b)  The  superficial  epigastric. 

(c)  The  superficial  circumflex  iliac. 

(2)  Muscular. 

(3)  The  deep  external  pudic. 

(4)  The  profunda. 

(5)  The  anastomotica  magna. 

(a)  The  superficial  circumflex  iliac  (a.  circumflexa  ilium  superficialis)  springs 
from  the  front  of  the  femoral  artery  just  below  Poupart's  ligament.  It  pierces 
the  femoral  sheath  and  the  fascia  lata,  external  to  the  saphenous  opening,  and 
runs  in  the  superficial  fascia  as  far  as  the  anterior  superior  spine  of  the  ilium. 
It  supplies  the  outer  set  of  inguinal  glands  and  the  skin  of  the  groin,  and  it  sends 
branches  through  the  fascia  lata  which  anastomose  with  the  deep  circumflex  iliac 
and  supply  the  upper  parts  of  the  sartorius  and  tensor  fasciai  femoris  muscles. 

(6)  The  superficial  epigastric  artery  (a.  epigastrica  superficialis)  arises  near 
the  preceding.  It  pierces  the  femoral  sheath  and  the  cribriform  fascia,  and 
passes  upwards  and  inwards  between  the  sujierficial  and  deep  layers  of  the  super- 
ficial fascia  of  the  abdominal  wall  towards  the  umbilicus.  It  supplies  the  inguinal 
glands  and  the  integument,  and  anastomoses  with  its  fellow  of  the  opposite  side, 
with  the  deep  epigastric,  and  with  the  superficial  circumflex  iliac  and  superficial 
external  pudic  arteries. 

{e)  The  sqpedldal  external  pudic  artery  (a.  pudenda  externa  au\>^T¥vc\^'&^  ^^o 
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ipritigB  from  the  front  of  the  ibQioral  artery,  and,  after  pierQing  tbe  femoral  ahttklhl 
atitl  the  cribriform  fascia,  runs  upwards  and  inwards  towards  the  spine  o^ 
pubiB,  where  it  croas*?B  auperfieial  to  the  spermatic  cord.     It  suppliea  the  integu 
of  the  lower  part  of  the  iibdomiiial  wall,  the  root  of  the  dorsum  of  the  p^ni"*  in  I 
mnle,  and  the  region  of  the  nions  Veoeria  in  the  female,  and  it  an^i.'^' 
its  fellow  of  the  opjMDsite  side,  the  deep  eJEternal  pud ie,  the  dorsal  :j       _    4 
penis,  and  the  BUijerficial  epigaetrie  arteriea 

(2)   Muscular  branclies   are    distributed    to   the   pectineus   and    tbe   addu 


SftPtotlu» 


f^tnorlft 


Fh'IIUI  Hlltl  UJIUM|» 


ihthaI  pntte 


VnaLim  nxternun 


Vuilu^k  lDt«!>ruiii 


Fro.  042*    Thii  Krmoka^l  Vbs«ru  I3i  SC'abpa'ii  Taiaxoij; 

mudeJeg  on  the  inner  &ide«  and  to  the  aartoritia  and  the  vastus  tnlemua  m  the 
onter  side. 

(3)  The  deep  external  ptidic  artery  (a.  pudenda  extrema  profunda)  tmjs  fri^ni  tl»? 
inner  side  of  the  femoral.  It  runs  inwatxis,  across  the  front  of  the  iHactineua, /abJ  in 
front  of  or  hehind  the  adductor  lonyfus,  to  the  inner  side  of  the  tliigit ;  it  tlien 
pierces  the  deep  fascia,  and  terrni nates  in  the  scrotum,  where  it  anfijatonio^ies  with 
the  aupertieial  perineal  and  HUperficial  external  pudic  arteries,  antl  with  the 
cremasteric  1 1 ranch  t>f  tlie  deep  ey^i^MStrir  artery. 

(4)  The  profunda  artery  (a.  prfjfunda  femoris,  Hg.  640)  ia  the  larj^t  brantb 
of  the  femoral  artery.  It  urises  alH-mt  an  iucdi  and  a  half  l>e]ow  Poupart «  U^iinfUl 
frum  tlie  outer  fii<le  of  the  fL^nionil  urterr*  Curving  hackwards  and  tnwunK  »* 
fias^im  JWiind  the  latter  T^^anel,  and  runs  downwanls,  tvloso  to  th*^  inner  iitf{M!i!i  d 
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he  femur,  to  the  lower  third  of  the  thigh,  where  it  perforates  the  adductor  magnus 
ind  pcisses  to  the  back  of  the  thigh.  Its  termination  is  known  as  the  fourth 
)erforating  artery.  As  the  profunda  descends  it  lies  in  front  of  the  iliacus,  the 
)ectineu8,  the  adductor  brevis,  and  the  adductor  magnus.  It  is  separated  from 
.he  femoral  artery  by  its  own  vein,  by  the  femoral  vein,  and  by  the  adductor  longus 
nuscle  behind  which  it  passes. 

Branches — (a)  Muscular  branches  are  given  off  from  the  profunda  both  in  Scarpa's 
;riangle,  and  whilst  it  lies  between  the  adductor  muscles ;  many  of  them  terminate  in  the 
idductors,  others  pass  through  the  adductor  magnus,  and  terminate  in  the  hamstrings, 
where  they  anastomose  with  the  transverse  branch  of  the  internal  circumflex  and  with 
the  upper  muscular  branches  of  the  popliteal  artery. 

(b)  The  external  circumflex  artery  (a.  circumflexa  femoris  lateralis.  Figs.  641  and  642) 
springs  from  the  outer  side  of  the  profunda,  or  occasionally  from  the  femoral  artery 
above  the  origin  of  the  profunda.  It  runs  outwards  across  the  front  of  the  iliacus,  and 
between  the  superficial  and  deep  branches  of  the  anterior  crural  nerve,  to  the  outer  border 
of  Scarpa's  triangle;  then,  passing  behind  the  sartorius  and  the  rectus  femoris,  it  termmates 
by  dividing  into  three  terminal  branches — the  ascendhig,  the  transverse,  and  the  descend- 
ing. Before  its  termination  it  supplies  branches  to  the  muscles  mentioned  and  to  the 
upper  part  of  the  crureus. 

(i.)  The  ascending  terminal  branch  Tramus  ascendens)  runs  upwards  and  outwards,  behind  the 
rectus  femoris  and  the  tensor  fasciae  femoris,  along  the  anterior  intertrochanteric  line,  to  the 
anterior  borders  of  the  gluteus  medius  and  minimus,  between  which  it  passes  to  anastomose  with 
the  deep  branches  of  the  gluteal  artery.  It  supplies  twigs  to  the  neignbouring  muscles,  anasto- 
iiodes  with  the  gluteal,  the  deep  circumflex  mac,  and  the  transverse  branch  of  the  external 
ircumflex  arteries,  and,  as  it  ascends  along  the  anterior  intertrochanteric  line,  gives  off  a  branch 
irhich  passes  between  the  two  limbs  of  the  Y-»haped  ligament  into  the  hip-joint  (iL)  The 
xansverse  terminal  branch  is  small ;  it  runs  outwards  between  the  crureus  and  the  rectus  femoris, 
masses  into  the  substance  of  the  vastus  extemus,  winds  round  the  femur,  and  anastomoses  with 
he  ascending  and  descending  branches,  with  the  perforating  branches  of  the  profunda,  and  with 
he  sciatic  and  internal  circimiflex  arteries.  (liL)  The  descending  terminal  branch  (ramus 
Lesceudens)  rims  downwards  behind  the  rectus  and  along  the  anterior  border  of  the  vastus 
;xtemufl  accompanied  by  the  nerve  to  the  latter  muscle.  It  anastomoses  with  the  transverse 
jranch,  with  twigs  of  the  inferior  perforating  arteries,  with  the  anastomotic  branch  of  the  femoral, 
ind  with  the  superior  external  articular  branch  of  the  popliteal  artery. 

(c)  The  internal  circumflex  artery  (a.  circumflexa  femoris  medialis.  Fig.  641)  springs 
From  the  inner  and  back  part  of  the  profunda,  at  the  same  level  as  the  external  circumflex, 
and  runs  backwards,  through  the  floor  of  Scarpa's  triangle,  passing  between  the  psoas  and 
the  pectineus ;  crossing  the  upper  border  of  the  adductor  brevis  it  is  continued  backwards 
beneath  the  neck  of  the  femur,  and  passes  between  the  adjacent  borders  of  the  obturator 
extemus  and  the  adductor  brevis  to  the  upper  border  of  the  adductor  magnus,  where  it 
divides  into  two  terminal  branches,  a  transverse  and  an  ascending. 

Branches. — (i.)  An  articular  branch  (ramus  acetabuh)  is  given  off  as  the  artery  jiasses 
beneath  the  neck  of  the  femur.  It  ascends  to  the  cotyloid  notch  where  it  anastomoses  with 
twigs  from  the  posterior  branch  of  the  obturator  artery,  and  it  sends  branches  into  the  cotyloid 
cavity  and  along  the  ligamentum  teres  to  the  head  of  the  femur.  (iL)  Muscular  branches  axe 
given  off  to  the  neighbouring  muscles.  The  largest  of  these  branches  usually  rises  immediately 
before  the  termination  of  the  artery,  it  descends  on  the  anterior  aspect  of  the  adductor  magnus 
and  anastomoses  with  the  muscular  branches  of  the  profunda  artery,  (iii.)  The  ascending  terminal 
branch  (ramus  profundus)  passes  upwards  and  outwards,  between  the  obturator  extemus  and  the 

EidratiUH  femoris  to  the  digital  lossa  of  the  femur,  where  it  anastomoses  with  branches  of  the 
teal  and  the  sciatic  arteries,  (iv.)  The  transverse  terminal  branch  (ramus  snperticialis)  runs 
kwards  between  the  lower  border  of  the  quadratus  femoris  and  the  upi)er  border  of  the 
adductor  ma^us  to  the  hamstring  muscles.  It  anastomoses  in  front  of  the  lower  part  of  the 
gluteus  maximus  with  the  sciatic  and  first  perforating  arteries  and  with  the  transversi*.  branch 
of  the  external  circumflex,  and  in  the  substance  of  the  hamstrings  with  the  muscular  branches 
uf  the  profunda. 

(d)  The  perforating  arteries  (Fig.  643),  including  the  terminal  branch  of  the  profunda, 
are  four  in  number.  They  curve  backwards  and  outwards  round  the  posterior  aspect  of 
the  femur,  lying  close  to  the  bone,  in  front  of  well-marked  tendinous  arches,  which 
interrupt  the  continuity  of  muscular  attachments;  their  terminal  branches  enter  the 
vastus  extemus  and  anastomose  in  its  substance  with  each  other,  with  the  descending 
branch  of  the  external  circumflex,  with  the  anastomotic,  and  with  the  superior  external 
articular  branch  of  the  popliteal. 
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(iliiteus  mixiiLiMid 


ii;;aTn<'nt 


Tilt*  first  perforating  artery  {a.  jx'iforaiis  prima)  i)ierce.s  the  iiisertioiiB  of  the  adductor  bren-* 
and  inagnus,  and  some  of  its  branches  anastomose  in  front  of  the  gluteus  maximus  with  the 
sciatic,  with  the  transverse  bnineh  of  the  internal  circumflex,  and  with  the  transven?e  brauch 
of  the  external  circumflex,  forming  what  is  known  as  the  crucial  anastomosis. 

The  second  perforating  artery  (a.  jierforans  secunda)  pierces  the  adductors  brevisand  magnus 

and  then  passes  W- 
tween  the  glut«-ji 
maxim  usand  thei^li-it 
head  of  the  bice{ii»  iii:>> 
the  vastus  extemua.  It 
ana8tom(M«'.<«  with  its 
fellows  al>ove  and  lie- 
low,  and  with  the  in- 
ternal circumflex  and 
the  upper  miisi'ular 
branches  of  the  io]y 
liteal  arterv. 

The  third  {a.  per- 
forans  tertia)  au>l 
fourth  perforating 
arteries  pfiss  through 
the  adductor  magnih 
and  the  short  liead  uf 
the  bicej>s  iuto  the 
vastus  extemufi.  Thtir 
anastomosea  are  simi- 
lar to  thorte  of  th»- 
second  i)erfonitirig. 

A  nntrient  bruch 
(a.  nutricia  femoris)  t" 
the  femur  is  given  off 
either  from  the  ^jieoond 
or  third  perforating 
artery,  usually  the 
former;  tin  additional 
nutrient  branrh  may 
also  be  supplie<i  br  tV 
first  or  fourth  \m:t- 
forating  arteries. 

(T))  The  anas- 
tomotic (ii.  genu 
suprema)  arises 
near  the  t^ruiina- 
tioii  of  the  femoral 
artery  in  the  b)wer 
part  of  Hunter's 
canal,  and  dindes 
ahnost  i  iiimediately 
into  a  superficial 
and  a  deep  branch ; 
indeed,  very  fre- 
([iiently  the  two 
branches  arise 
8ei)arately  from  the 
femoral  trunk. 
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The  AUTLhiKrt  ok  tuk  IJrrrooK  and  the  Hack  ok  the 
Thi«;h  AM)  Knkk. 


(<i)  The  super- 
ficial branch  (ramus 
saphcniis)  passes 
throu^'h  tiie  lower 
end  of  Hunter's  canal 
with  the  long  sjiplioii- 

ous  nerve,  and  appears  siiperticially  on  the  inner  side  of  the  knee  hetween  the  gracilw 
and  the  sartorius.  It  givea  twigs  to  the  integument  of  the  ui)i>er  and  inner  part  of 
the  leg,  and  it  anastomoses  with  the  inferior  internal  articular  artery.  (6)  The  deep 
branch  (mnms  musculo -articularis)  descends  in  the  substance  of  the  vastus  iuternib 
along  t)ic  anterior  asi>ect  of  the  tendon  of  the  adductor  magnus.     It  anastomoses  witu 


THE  POPLITEAL  ARTERY.  863 

be  superior  internal  articular  artery,  and  it  sends  branches  outwards,  one  on  the  .surface 
f  the  femur  and  another  along  the  upper  border  of  the  patella,  to  anastomose  witli  the 
escending  branch  of  the  external  circumflex,  the  inferior  perforating  artery,  the  superior 
itemal  articular,  and  the  anterior  tibial  recurrent. 

THE  POPLITEAL   ARTERY. 

The  popliteal  artery  (a.  poplitea)  is  the  direct  continuation  of  the  femoral.  It 
ommences  at  the  upper  and  inner  part  of  the  popliteal  space,  under  cover  of  the 
emimcmbranosus,  and  terminates  at  the  lower  border  of  the  popliteus  muscle,  and 
n  a  level  with  the  lower  part  of  the  tubercle  of  the  tibia,  by  dividing  into  the 
uterior  and  the  posterior  tibial  arteries. 

From  its  origin  the  artery  descends,  with  an  outward  inclination,  to  the  inter- 
pace  between  the  condyles  of  the  femur,  whence  it  is  continued  vertically  down- 
wards to  its  termination. 

Relations. — Anterior, — It  is  in  contact  in  front  and  from  above  downwaixls  with  the 
3pliteal  surface  of  the  femur,  the  posterior  ligament  of  the  knee-joint,  and  the  fascia 
»vering  the  posterior  surface  of  the  popliteus. 

Posterior. — The  artery  is  overlapped  behind  by  the  outer  border  of  the  semi- 
embranosus  above ;  it  is  crossed  about  its  middle  by  the  popliteal  vein  and  the  internal 
»pliteal  nerve,  the  vein  intervening  between  the  artery  and  the  nerve ;  whilst  in  tlie 
wer  part  of  its  extent  it  is  overlapped  by  the  adjacent  borders  of  the  two  heads  of  the 
jstrocnemius,  and  is  crossed  by  the  nerves  to  the  soleus  and  popliteus  and  by  the 
antaris  muscle. 

ZtotercU. — On  its  outer  side  it  is  in  relation  above  with  the  internal  popliteal  nerve  and 
;e  popliteal  vein,  then  with  the  outer  condyle  of  the  femur,  and  below  with  the  outer 
»d  of  the  gastrocnemius  and  with  the  plantaris. 

On  the  inner  side  it  is  in  relation  above  w^ith  the  semimembranosus,  in  the  middle 
ith  the  inner  condyle  of  the  femur,  and  below  with  the  internal  popliteal  nerve,  the 
^pliteal  vein,  and  the  internal  head  of  the  gastrocnemius.  Popliteal  lymi)hatic  glands 
re  arranged  irregularly  around  the  artery. 

Branches. — (1)  Muscular  branches  are  given  off  in  two  sets,  upper  and  lower. 

The  upper  muscular  branches  are  distributed  to  the  lower  parts  of  the  hamstring 
fiuscles,  in  which  they  anastomose  with  branches  of  the  profunda  artery. 

The  lower  muscular,  or  sural,  arteries  (aa.  surales)  enter  the  upper  parts  of  the  gastro- 
nemius,  the  plantaris,  the  soleus,  and  the  popliteus  muscles,  and  they  anast<^)inose  with 
tranches  of  the  posterior  tibial  artery  and  the  lower  articular  arteries. 

(2)  The  articular  branches  are  five  in  number — viz.  upper  and  lower  external,  ui)per 
md  lower  internal,  and  an  azygos  branch. 

(a)  The  superior  external  articular  artery  (a.  geini  superior  lateralis)  i)asscs  outwards 
ibove  the  external  condyle,  behind  the  femur  and  in  front  of  the  biceps  tendon,  into  the 
vastus  extemus,  where  it  anastomoses  with  the  anastomotic,  the  descending  branch  of  the 
'xternal  circumflex,  and  the  lowest  perforating  artery ;  it  also  sends  branches  downwards 
0  anastomose  with  the  inferior  external  articular  and  with  the  anterior  tibial  recurrent. 

(b)  The  superior  internal  articular  artery  (a.  genu  superior  medialis)  passes  inwards 
bove  the  internal  condyle,  behind  the  femur,  and  in  front  of  the  tendon  of  the  adductor 
lagiius,  into  the  vastus  internus.     It  anastomoses  with  branches  of  the  anastomotic  and 

the  superior  external  articular  artery. 

(c)  The  inferior  external  articular  artery  (a.  genu  inferior  lateralis)  runs  outwards 
TOS.S  the  popliteus  muscle  and  in  front  of  the  plantiiris  and  the  external  head  of  the 
istrocnemius ;  then  turning  forwards,  it  is  joined  bv  the  inferior  external  articular  nerve, 
id  passes  to  the  inner  side  of  the  external  lateral  ligament.  It  terminates  by  anasto- 
osing  with  its  fellow  of  the  op])osite  side  and  with  the  superior  external  articular  and 
iterior  tibial  recurrent  arteries. 

(</)  The  inferior  internal  articular  artery  (a.  genu  inferior  medialis)  passes  inwards 
»low  the  inner  tuberosity  of  the  tibia,  along  the  upper  border  of  the  popliteus  and  in 
out  of  the  internal  head  of  the  gastrocnemius,  to  the  inner  side  of  the  knee,  where  it 
ims  forwards  between  the  bone  and  the  internal  lateral  ligament,  and  terminates 
iteriorly  by  anastomosing  with  its  fellow  of  the  opposite  side,  with  the  recurrent  branch 
'  the  anterior  tibial  artery,  and  with  the  superior  internal  articular  artery. 

(e)  The  azygos  articnlar  artery  (a.  genu  media)  passes  directly  forwards  from  the  front 
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of  the  popliteal  artery,  pierces  the  central  part  of  the  posterior  ligament  of  the  koee-JQinu 
and  enters  the  intercondylar  space.  It  supplies  branches  to  the  crucial  Hganients  and  to 
the  synovial  membrane,  and  is  accompanied  by  the  azygos  articular  branch  of  the  internal 
popliteal  nerve,  and  sometimes  by  the  genicular  branch  of  the  obturator  nerve. 

(3)  Cutaneous  branches  are  distributed  to  the  skin  over  the  popliteal  space.     One  uf 

these,  the  suj)erficial  fural  antiy, 
descends  in  the  middle  line  of 
the  back  of  the  calf  along  vith 
tlie  external  saphenous  nerve. 
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The  Posterior  Tibial 
Artery. 

The  posterior  tibial  artery 

(a.  tibialis  posterior),  the  larger 
of  the  two  terminal  branches 
of  the  popliteal,  commences  at 
the  lower  border  of  the  pop- 
liteus  and  terminates  midway 
between  the  tip  of  the  inner 
malleolus  and  the  most  pro- 
minent part  of  the  heel,  at  the 
lower  border  of  the  internal 
annular  ligament.  It  ends  bj 
dividing  into  the  internal  and 
the  external  plantar  arteries, 
which  pass  onwards  to  the  sole 
of  the  foot. 

The  artery  runs  downwards 
and  inwards  on  the  back  of 
the  leg  between  the  superficial 
and  deep  layers  of  musdes,  and 
covered  by  the  deep  inter- 
muscular fascia  which  inter- 
venes between  them. 


^_  rlejpr  lougua  ban  lids 


Pwteiior  iieruntial  jirtery 


Relations. — AtUeriar.—h  n 
in  contact  in  front,  and  from 
above  downwards,  with  the  tibialis 
posticus,  the  flexor  longua  digit- 
orum, the  posterior  surface  of  the 
tibia,  and  the  posterior  ligameDt 
of  the  ankle-joint. 

Posterior.  —  The  artery  i* 
crossed  about  an  inch  and  a  balf 
below  its  origin  by  the  posteiior 
tibial  nerve.  Elsewhere  it  is  io 
contact  with  the  intermuscular 
fascia,  which  binds  down  the  deep 
layer  of  muscles.  More  8upe^ 
ticially  the  upper  half  of  the 
artery  is  covered  by  the  fleshy 
parts  of  the  soleus  and  gastro- 
cnemius muscles,  between  which 
is  the  plantaris ;  the  lower  half 
of  the  artery  is  much  nearer  the  surface,  and  is  only  covered  by  skin  and  fascia,  except 
at  its  termination,  where  it  lies  beneath  the  internal  annular  ligament  and  the  cwigin  of 
the  abductor  hallucis.  ^  ^ 

LaUral — The  artery  is  accompanied  by  two  venae  comites,  one  on  either  wde.  Tw 
posterior  tibial  nerve  lies  at  first  on  the  inner  side  of  the  vessel,  then  crosses  behind  i^and 
is  continued  down  on  its  outer  side.     In  the  last  part  of  its  course  the  artery  is  aqiaiataJ 


Fig.  644. 
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from  the  internal  malleolus  by  the  tendons  of  the  tibialis  posticus  and  the  flexor  longus 
di^torum,  whilst  the  tendon  of  the  flexor  longus  hallucis  lies  behind  and  external  to  it 

Branches. — The  posterior  tibial  gives  oflf  numerous  branches,  the  largest  of  which, 
the  peroneal,  forms  one  of  the  chief  arteries  of  the  leg.     The  branches  include — 

(1)  Two  large  mnscnlar  branches  which  are  distributed  to  the  solcus,  the  tibialis 
posticus,  the  flexor  longus  digitorum,  and  the  flexor  longus  hallucis.  They  anastomose 
with  the  deep  sural  branches  of  the  popliteal  artery  and  the  lower  internal  articular  artery. 

(2)  The  medullary  branch  (a.  nutricia  tibiae),  the  largest  of  the  medullary  group 
of  arteries,  springs  from  the  upper  part  of  the  posterior  tibial,  pierces  the  tibialis 
posticus,  and  enters  the  medullary  foramen  on  the  posterior  surface  of  the  tibia.  In  the 
interior  of  the  bone  it  divides  into  ascending  and  descending  branches,  the  former  passing 
upwards  towards  the  head  of  the  bone,  and  the  latter  downwards  towards  the  lower 
extremity.     Before  entering  the  tibia  the  medullary  artery  gives  small  muscular  branches. 

(3)  A  communicating  branch  (ramus  commnnicans)  unites  the  posterior  tibial  to 
the  peroneal  artery  about  an  inch  above  the  inferior  tibio-fibular  articulation.  It  passes 
behind  the  shaft  of  the  tibia  and  in  front  of  the  flexor  longus  hallucis. 

(4)  Outaneous  branches  are  distributed  to  the  skin  of  the  inner  and  posterior  part  of 
the  leg. 

(5)  An  internal  malleolar  branch  (a.  malleolaris  posterior  medialis)  is  distributed 
to  the  internal  surface  of  the  inner  malleolus,  anastomosing  with  a  corresponding  branch 
of  the  anterior  tibial  artery. 

(6)  The  peroneal  artery  (a.  peronaja.  Fig.  644)  is  the  largest  branch  of  the  posterior 
tibial.  It  arises  about  an  inch  below  the  lower  border  of  the  popliteus,  curves  outwards 
across  the  upper  part  of  the  tibialis  posticus  to  the  postero-internal  border  of  the  fibula, 
along  which  it  descends  to  the  lower  part  of  the  interosseous  space,  and  it  terminates  about 
an  inch  above  the  ankle-joint  by  dividing  into  anterior  and  posterior  terminal  branches. 

As  the  peroneal  artery  passes  outwards  from  its  origin  it  lies  behind  the  tibialis 
posticus,  and  is  covered  posteriorly  by  the  deep  intermuscular  fascia  and  by  the  soleus. 
As  it  descends  along  the  postero-internal  border  of  the  fibula  it  lies  iti  a  fibrous 
canal  between  the  tibialis  posticus  in  front  and  the  flexor  longus  hallucis  behind.  The 
peroneal  artery  is  accompanied  by  two  vena)  comites,  and  is  crossed  in  front  and  behind 
by  communicating  branches  between  them. 

BTanche& — (a)  Moscalar  branches  are  distributed  to  the  soleus,  tibialis  posticus,  flexor  lougus 
hallucis,  and  peroneal  muscles.  Some  pass  through  the  interosseous  membrane  and  supply  the 
anterior  muscles  of  the  leg. 

(6)  A  mednllary  branch  (a  nutricia  fibulae)  enters  the  medullary  foramen  of  the  fibula. 

(e)  A  commonicating  branch  (a.  commuuicans)  passes  across  the  back  of  the  lowt^r  end  of  the 
shaft  of  the  tibia,  about  an  inch  above  the  inferior  tibio-fibular  articulation,  to  anastomose  with 
the  posterior  tibial  artery. 

(o)  The  terminal  branches  are :  (i.)  The  anterior  terminal  branch  or  anterior  peroneal  artery 
(ramus  perforans),  which  passes  forwards  between  the  lower  border  of  the  interosseous  nieiubrane 
and  the  interosseous  inferior  tibio-fibular  ligament,  and  runs  in  front  of  the  ankle  to  the  dorsum 
of  the  foot,  where  it  anastomoses  with  the  external  malleolar  branch  of  the  anterior  tibial  artery 
and  with  the  tarsal  branch  of  the  dorsalis  pedis ;  it  abo  supplies  branches  to  the  inferior  tibio- 
fibular articulation,  to  the  ankle-joint,  and  to  the  peroneus  tertius. 

(iL)  The  posterior  terminal  branch  (ramus  calcaneus  lateralis),  ov  posterior  peroneal  artery,  pa.sses 
downwards  behind  the  inferior  tibio-fibular  articulation  and  external  malleolus  to  the  outer  side 
of  the  heel  and  the  foot  It  supplies  the  ankle,  tlie  inferior  tibio-fibular  articulation,  and  the 
calcaneo-astragaloid  joint,  and  anastomoses  with  the  internal  calcaneal  branch  of  the  external 
plantar  artery,  and  with  the  tarsal  and  metatarsal  branches  of  the  dorsalis  pedis. 

Plantar  Arteries. 

(7)  The  internal  and  external  plantar  arteries  are  the  terminal  branches  of  the 
posterior  tibial  artery.  They  arise  beneath  the  origin  of  the  abductor  hallucis 
muscle,  midway  between  the  tip  of  the  internal  malleolus  and  the  most  prominent 
part  of  the  inner  side  of  the  os  calcis. 

Internal  Plantar  Artery  (a.  plantaris  medialis). — This  is  the  smaller  of  the  two 
terminal  branches  of  the  posterior  tibial  artery.  It  passes  forwards  along  the 
inner  side  of  the  foot,  in  the  interval  between  the  abductor  hallucis  and  the  flexor 
brevifl  digitorum,  to  the  head  of  the  first  metatarsal  bone,  where  it  terminates  by 
uniting  with  the  plantar  digital  branch  of  the  dorsalis  hallucis,  which  is  distributed 
to  the  inner  side  of  the  great  toe.  In  its  course  forwards  it  gives  branches  to  the 
adjacent  muscles  and  articulations,  and  to  the  subjacent  skin ;  it  also  gives  three 
59 
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digital  branches  whicli  anastomose  at  the  roots  of  the  inner  three  interdigital  clefU. 
with  the  princeps  hallucis  branch  of  the  dorsalis  pedis  and  with  the  inner  two  digital 
branches  from  the  plantar  arch.  Some  of  the  cutaneous  branches  of  the  internal 
plantixr  artery  anastomose,  round  the  inner  border  of  the  foot,  with  the  inner 
cutaneous  l>ranches  of  the  dorsalis  pedis  artery. 

External  Plantar  Artery  (a.  plantaris  lateralis). — This  artery,  the  larger  of  the 
two  terminal  branches  of  the  posterior  tibial  artery,  runs  forwards  and  outwards, 
first  between   the  flexor  brevis  digitorum  and  the  accessorius  and  then  in  the 

interval  between  the 
flexor  brevis  digitorum 
and  the  aMuctor  minimi 
digiti,  to  the  inner  side 
of  the  base  of  the  fifth 
metatarsal  bone,  where  it 
turns  abruptly  inwards; 
it  then  passes  across  the 
bases  of  the  metatarsal 
bones  and  the  origins  (•( 
the  interossei,  and  above 
the  oblique  adductor  oi 
the  great  toe,  to  the  outer 
side  of  the  base  of  the 
first  metatarsal  bone, 
where  it  terminates  by 
anastomosing  with  the 
dorsalis  pedis  artery.  The 
last  part  of  the  artery  is 
convex  forwards  and 
forms  the  plantar  aah, 
which  is  completed  by  the 
dorsalis  pedis. 


('alcaiienl  braiir.h  of 
I)ost»'rior  libijil  iirlury 

PoHttMior  tibial  arlAl-)' 

Inlenml  ]>I.TT]t>ir 

artery 

External  ]>Ii.LiiNr 


Flexor  loujjiis 
digitorum 

t«' IK  lull 


Fh^xor  lo^Jiu^ 
hallucis  tt'iitlnn 


>t»T]th  uf  Rxtemal 
cibbold  h^fiment 


Flt^ioP  acCttWoriurt 


AtxlLictoT  minimi 
th^ti  ni  incite 


Flex(;r  brevis 
hallucis  inuKC'l<! 


Arteria  magna 
liallucis 


iJbllqtieiidiluctor 
tin]  hi*- it* 


]  I  il^Lftl  arteries 


Branches.  —  Betweeu 
its  origin  and  the  base  of 
the  fifth  metatarsal  the  ei- 
temal  plantar  artery  gives 
off  (a)  the  internal  calfiyiml 
branch,  which  is  distributed 
to  the  skin  and  the  sub- 
cutaneous tissue  of  the  heel. 
(6)  MoBcnlar  bnnehef 
to  the  abductor  hallucis. 
flexor  brevis  digitonuiii  ac- 
cessorius, and  abductor 
mhiimi  digiti. 

(c)  OntaneoQS  brandiM 
to  the  skin  of  the  outer  side 
of  the  foot. 

Between  the  base  of  the 
fifth  metatarsal  bone  and  the  first  iuterosseous  space  it  forms  the  plantar  Bieh  (arcus 
plautaris),  and  gives  ofi*  (</)  four  digital  branches  (aa.  metatarsse  plantares);  (e)  three 
posterior  perforating  arteries  (rami  perforantes)  to  the  dorsal  iuterosseous  arteries;  and 
{/)  articular  branches  to  the  tarsal  joints. 

The  outermost  digital  branch  runs  along  the  outer  side  of  the  little  toe,  supplying 
the  skin,  joints,  and  the  flexor  tendons  with  their  synovial  sheaths.  The  inner  fhxM 
digital  branches  run  forwards  on  the  plantar  'surfaces  of  the  interossei,  the  inner  two 
lying  dorsal  to  the  oblique  adductor  of  the  great  toe,  and  all  three  passing  dorsal  to  the 
tnmsverse  adductor.  At  the  bases  of  the  interdigital  clefts  the  three  inner  digital  arteries 
divide  hito  collateral  branches  (aa.  digitales  plantares)  which  nm  along  the  plantar  aspect 
of  adjacent  toes,  and  supply  skin,  joints,  and  the  flexor  tendons  and  sheaths.  Opposite 
the  last  phalanx  of  each  toe  the  digital  arteries  anastomose. 


Fio.  645. — Tub  Plantau  Auteriks  and  their  Branches. 
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The  posteiior  perforating  arteries  are  three  in  number ;  they  pass  dorsalwards  through 
the  three  outer  interosseous  spaces,  between  the  heads  of  the  dorsal  interosseous  muscles, 
and  terminate  by  uniting  with  the  dorsal  interosseous  branches  of  the  metatarsal  artery. 
Anterior        perforating 
branches  which  communicate 
with  the  dorsal  interosseous 
arteries   are   given   off  from 
two  or  three  of  the  digital 
arteries     just     before     they 
divide. 

The  articular  branches 
are  numerous  and  irregular ; 
they  supply  the  joints  and 
ligaments  of  the  tarsus  on  its 
plantar  aspect. 


Suj)prior  external 
articular  nrtnr>- 


Inft'rior  external 
articular  artory 


SujMMior  intcriiul 
articular  artery 


Anterior  tibial 
recurrent  artery 


Inferior  intt'rnnl 
articular  artfiy 


Anterior  tibial 
artery 


Tibialis  ;mlicu> 


(ia.stio<iu'miu> 


Auterior  tibial 
nerve 

Pt-roneu.s  brevis 

Exti'U.sor  l()n^n<, 
digitoiuui 

Extensor  lonj^us 
ballucis 


Anterior  iieroneal 
artery 

Ext^nial 
malleolar  artery 


Tarsal  artery 


Digital  arterj-  -- 
Digital  art<»ry  - 


The  Anterior  Tibial 
Artery. 

The  anterior  tibial 
artery  (a.  tibialis  anterior), 
the  smaller  of  the  two  ter- 
minal divisions  of  the  pop- 
liteal, commences  opposite 
the  lower  liorder  of  the 
popliteus  muscle,  and  ter- 
minates in  front  of  the 
ankle,  where  it  is  continued 
into  the  dorsal  artery  of 
the  foot. 

Course  and  Relations. 
— From  its  origin  at  the 
back  of  the  leg  the  artery 
pa.sses  forwards  to  the  front, 
l>et\veen  the  two  uppermost 
slips  of  the  tibialis  ix)aticus 
and  above  the  upj>er  border 
of  the  interosseous  mem- 
brane. It  then  descends 
resting,  in  the  upper  two- 
thirds  of  its  course,  upon  the 

anterior  surface  of  the  in- 
terosseous membrane  and, 

Subsequently,  on  the  shaft 

[jf  the  tibia  and  the  anterior 

ligament  of  the  ankle-joint. 

tu    the  upper  third  of  the 

anterior    compartment    of 

the   leg  it  lies  between  the 

extensor  lon«i:us  digitorum 

externally  and  the  tibialis 

anticus  internally;  in  the 

middle  third  it  is  between 

the  extensor  longus  hallucis 

and  the  tibialis  anticus; 
in  the  lower  third  the  extensor  longus  hallucis  crosses  in  front  of  the  artery  and 
reaches  its  inner  side,  and  the  last  part  of  the  vessel  lies  between  the  tendon  of  the 
extensor  longus  hallucis  and  the  innermost  tendon  of  the  extensor  longus  digitorum. 
The  anterior  tibial  nerve  is  at  first  well  to  the  outer  side  of  the  arter)%  l)ut  it 
soon  passes  in  front  of  the  vessel,  and  it  lies  in  front  of  the  artery  in  its  mvdvUfc 
59  a 
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third ;  lower  down  the  nerve  is  usually  found  on  the  outer  side  again,  and  at  the 
ankle  it  intervenes  between  the  artery  and  the  innermost  tendon  of  the  extensor 
longus  digitorum. 

Two  venie  comites,  with  numerous  intercommunications,  accompany  the  arter}'. 

Obviously  the  anterior  tibial  artery  is,  at  least  in  its  upper  part,  deeply  placed: 
moreover,  its  lateral  muscular  boundaries  overlap  it.  In  the  greater  part  of  iis 
extent  it  is,  however,  easily  accessible  from  the  surface  ;  and  beyond  being  crossed 
by  the  nerve  and  tendon,  as  already  described,  is  only  covered,  in  addition,  by  skin, 
fascia,  and  the  anterior  annular  ligament. 

Branches. — Close  to  its  origin  the  artery  gives  ott*  suj>erior  fibular  and  posterior 
tibial  recurrent  bmnches ;  after  it  reaches  the  front  of  the  leg  it  gives  off  anterior  tibial 
recurrent,  muscular,  cutaneous,  internal  malleolar,  and  external  malleolar  branches. 

(1)  The  superior  fibular  branch  is  a  small  vessel  which  may  arise  separately  from  tb« 
anterior  tibial  artery,  or  by  a  common  stem  with  the  posterior  tibial  recurrent ;  occasiou- 
ally  it  si)rings  from  the  lower  end  of  the  popliteal  artery,  or  from  the  posterior  tibial 
It  runs  upwards  and  outwards  behind  the  neck  of  the  fibula  and  through  the  fibres  of 
the  soleus,  and  it  terminates  in  branches  which  supply  the  soleus,  the  peroneus  longiu, 
and  the  skin  of  the  upper  and  outer  part  of  the  leg.  It  anastomoses  with  the  inferior 
external  articular  artery. 

(2)  The  posterior  tibial  recurrent  branch  (a.  recurrens  tibialis  {x>sterior),  also  small, 
and  not  always  present,  runs  upwards  in  front  of  the  popliteus  muscle  to  the  back  of  tlie 
knee-joint.  It  anastomoses  with  the  inferior  articular  branches  of  the  popliteal,  and 
gives  branches  to  the  popliteus  muscle  and  the  superior  tibio-fibular  articulation. 

(3)  The  anterior  tibial  recurrent  branch  (a.  recurrens  tibialis  anterior)  arises  from  the 
anterior  tibial  artery  in  front  of  the  interosseous  membrane.  It  runs  upwards  and  inwaida, 
between  the  up[)er  part  of  the  tibialis  anticus  and  the  outer  tuberosity  of  the  tibia, 
accompanied  by  the  recurrent  articular  branch  of  the  external  popliteal  nerve,  and  after 
supplying  the  tibialis  anticus  and  the  superior  tibio-fibular  articulation  it  pierces  the 
deep  fascia  of  the  leg  ;  it  is  connected  with  the  anastomoses  round  the  knee-joint  formed 
by  the  articular  branches  of  the  popliteal  artery,  the  descending  branch  of  the  exterual 
circumflex  artery,  and  the  anastomotic  artery. 

(4)  The  muscular  branches  are  distributed  to  the  muscles  of  the  front  of  the  leg, 
and  a  few  small  branches  also  pass  backwards  to  the  deep  surface  of  the  tibialis  posticiu 
muscle. 

(5)  The  cutaneous  branches  supply  the  skin  of  the  front  of  the  leg. 

(6)  The  internal  malleolar  branch  (a.  malleolaris  anterior  medialis)  arises  from  the 
lower  part  of  the  anterior  tibial  artery,  and  is  smaller  than  its  companion  on  the  outer 
side.  It  runs  inwards,  beneath  the  tibialis  anticus  tendon,  ramifies  over  the  internal 
malleolus,  anastomosing  with  branches  of  the  posterior  tibial  artery,  and  is  distributed  to 
the  skin  and  to  the  ankle-joint. 

(7)  The  external  malleolar  branch  (a.  malleolaris  anterior  lateralis),  more  coostaut 
and  larger  than  the  internal,  passes  outwards  beneath  the  extensor  longus  digitonim 
and  peroneus  tertius  towards  the  external  malleolus.  It  anastomoses  with  the  anterior 
peroneal  and  tiirsal  arteries,  and  supplies  the  ankle-joint  and  the  adjacent  articulations. 

Dorsalis  Pedis  Artery  (a.  dorsalis  pedis). — The  dorsal  artery  of  the  foot  is 
the  direct  continuation  of  the  anterior  tibial ;  it  commences  opposite  the  front  of 
the  ankle-joint,  and  extends  to  the  posterior  extremity  of  the  first  interosseous 
space,  where  it  passes  to  the  plantar  aspect  of  the  foot,  and,  anastomosing  with  the 
termination  of  the  external  plantar  artery,  completes  the  plantar  arch. 

It  is  covered  superficially  by  skin  and  fascia,  including  the  inferior  jxart  of  the 
anterior  annular  ligament,  and  it  is  crossed,  just  l>efore  it  reaches  the  first  inter- 
osseous sjiace,  by  the  innermost  tendon  of  the  extensor  brevis  digitorum.  It  rest^ 
upon  the  anterior  ligament  of  the  ankle,  the  head  of  the  astragalus,  the  astragalo- 
navicular  ligament,  the  dorsum  of  the  navicular  bone,  the  dorsal  naviculo- 
cuneiform  and  the  inter-cuneiform  ligaments  between  the  internal  and  middle 
cuneiform  lK)nes.  On  its  outer  side  is  the  internal  terminal  branch  of  the  anterior 
tibial  nerve,  which  intervenes  between  it  and  the  extensor  brevis  digitorum  and 
innermost  tendon  of  the  extensor  longus  digitorum.  On  its  inner  side  it  is  in 
relation  with  the  tendon  of  the  extensor  proprius  hallucis.  Two  veme  comto, 
one  on  each  side,  accompany  the  artery. 
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As  it  passes  through  the  base  of  the  first  interosseous  space  it  lies  between  the 
>  heads  of  the  first  dorsal  interosseous  muscle,  and  in  the  sole  of  the  foot  it  is 
sal  to  the  flexor  brevis  hallucis. 

Branches. — On  the  dorsum  of  the  foot  the  dorsalis  pedis  artery  gives  off  cutaneous 

aches,  the  tarsal  branch,  the  metatarsal  branch,  and  the  dorsalis  hallucis  or  first  dorsal 

jrosseous.      In   the  sole 

the  foot,  and   before   it 

bes    with    the    external 

itar  artery,  it  gives  off 

princeps  hallucis. 

(1)  Ontaneons  branches, 
or  three  in  number,  are 

ributed  to  the  skin  on 
dorsum  and  inner  side 
le  foot ;  they  anastomose 
1  branches  of  the  internal 
itar  artery. 

(2)  The  tarsal  branch 
^arsea  lateralis)  is  given 
>pposite  the  head  of  the 
agalus;  it  runs  outwards 
eath  the  extensor  brevis 
torum,  supplying  that 
icle  and  the  tarsal  joints, 
[  anastomoses  with 
iches  of  the  anterior 
)neal,  metatarsal,  and 
rnal     plantai"    arteries, 

with     the     external 
leolar  artery. 

(3)  The  metatarsal 
sry  (a.  arcuata)  arises 
osite  the  internal  cunei- 
a  bone.  It  runs  out- 
ds  on  the  bases  of  the 
atarsal  bones,  beneath 
long  and  short  extensor 
Ions,  supplies  the  ex- 
lor  brevis,  and  anasto- 
es     with     branches    of 

tarsal  and  external 
itar  arteries.  It  gives  off 
.^e  dorsal  interosseous 
)ries  (aa.  metatarseoe 
>ales)  which  run  down- 
is  on  the  nuiscles  which 
ipy  the  three  outer  inter- 
ous  spaces  to  the  clefts 
the  toes,  where  each 
ies  into  two  coUuteral  digital  Iranches  (aa.  digitales  dorsales)  for  the  adjacent  sides 
le  toes  bounding  the  cleft  to  which  it  goes.  The  outer  side  of  the  little  toe  receives 
anch  from  the  outermost  dorsal  interosseous  artery.  Each  dorsal  interosseous  artery 
s  off  a  posterior  perforating  branch  which  passes  through  the  posterior  piirt  of  the 
rosseous  space,  between  the  heads  of  the  dorsal  interosseous  muscle,  to  anastomose 
I  the  plantar  arch,  and  an  anterim^  perforating  branch,  which  descends  through  the 
rior  part  of  the  space  to  anastomose  with  the  corresponding  plantar  digital  artery. 

4)  The  dorsalis  hallucis  artery  (first  dorsal  interosseous)  is  continued  forwards 
I  the  dorsal  artery  of  the  foot,  and  runs  on  the  dorsal  surface  of  the  first  dorsal 
rosseous  muscle.  It  ends  by  dividing  into  collateral  dorsal  digital  branches  for  the 
x^nt  sides  of  the  first  and  second  toes.  Before  it  divides  it  usually  gives  off  a  dorsal 
tal  branch  which  passes  beneath  the  tendon  of  the  extensor  hallucis  to  the  inner  side 
le  great  toe. 

5)  The  i»rinceps  hallucis  (plantar  digital  artery)  springs  from  the  term\w«.t\wv  <A 
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Fn».  647. — The  Dorsalis  Pedis  Akterv  and  its  Branches. 
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the  doi*8aliB  pedis  in  the  sole  of  the  foot ;  it  runs  forwards  in  the  plantar  part  of  the 
first  interosseous  space,  and  divides,  at  the  interdigital  cleft,  into  collateral  digital 
branches  for  the  supply  of  the  adjacent  sides  of  the  first  and  second  toes  on  their  plantar 
aspects.  Before  its  division  it  supplies  a  plantar  digital  branch  to  the  inner  side  of 
the  great  toe. 

THE  VEINS. 

Veins  comuience  at  the  terminations  of  the  capillaries.  They  converge  towards 
the  heart,  and  unite  with  one  another  to  tbrm  larger  and  still  larger  Tessels,  until 
finally  seven  large  trunks  are  formed  which  open  into  the  auricles  of  the  heart. 
Three  of  these,  the  superior  vena  cava,  the  inferior  vena  cava,  and  the  coronary  sum 
belong  to  the  systemic  circulation ;  tliey  contain  venous  blood,  and  open  into  the 
right  auricle.  The  remaining  four  belong  to  the  pulmonary  circulation  ;  they  return 
arterialised  blood  from  the  lungs,  and  open  into  the  left  auricle. 

In  addition  to  the  systemic  and  pulmonary  veins,  there  is  also  a  third  group  of 
veins,  constituting  the  portal  system,  in  which  blood  from  the  abdominal  part  of 
the  ahinentary  canal,  and  from  the  spleen  and  pancreas,  is  conveyed  to  the  liver. 
The  portal  system  is  further  peculiar  in  that  it  both  begins  and  ends  in  capillariea 
From  its  terminal  capillariea  in  the  liver  the  hepatic  veins  arise,  and  as  these  open 
into  the  inferior  vena  cava  the  blood  of  the  portal  system  is  finally  poured  into  the 
general  systemic  circulation.  The  hepatic  veins  also  receive  blood  supplied  to  the 
liver  by  the  hepatic  arteries. 

PULMONAKY  VEINS. 

The  terminal  pulmonary  veins  (v.  pulmonales.  Figs.  613  and  620),  two  on  each  aide, 
open  into  the  left  auricle  of  the  heart.  Their  tributaries  arise  in  capillary  plexuses 
in  the  walls  of  the  pulmonary  alveoli.  By  the  union  of  the  smaller  veins  larger  veaseh 
are  formed  which  run  along  the  anterior  aspects  of  the  bronchial  tubes,  and,  uniting 
together,  ultimately  form  a  single  efferent  vessel  in  each  lobe,  which  passes  into  the 
root  of  the  lung.  Thus  there  are  five  main  pulmonary  veins,  but,  immediateir 
after  entering  the  root  of  the  lung,  the  vessels  from  the  upper  and  middle  lobes  of 
the  right  lung  join  together,  and  so  only  four  terminal  pulmonary  veins  open  into 
the  left  auricle  of  the  heart.  Neither  the  main  stems  nor  their  tributaries  possea 
valves. 

Relations. — In  the  root  of  the  lung  the  upper  pulmonary  vein  on  each  side  lies 
below  and  in  front  of  the  pulmonary  artery.  The  lower  pulmonary  vein  on  eicfa 
side  is  in  the  lowest  part  of  the  root,  and  it  is  placed  much  farther  back  than  the 
upper  vein. 

On  the  right  side  the  upper  pulmonary  vein  passes  behind  the  superior  vena  cava,  ind 
the  lower  behind  the  right  auricle.  They  both  terminate  in  the  upper  and  back  part  of 
the  left  auricle  close  to  the  interauricular  septum. 

On  the  left  side  l)oth  upper  and  lower  pulmonary  veins  cross  the  front  of  the  descend- 
ing aorta,  and  they  terminate  in  the  upper  and  back  part  of  the  left  auricle  near  its  left 
border. 

All  four  pulmonary  veins  perforate  the  fibrous  layer  of  the  pericaidiuni,  and  receive 
partial  coverings  of  the  serous  layer  before  they  enter  the  auricle. 

SYSTEMIC  VEINS. 

The  systemic  veins  return  blood  to  the  right  auricle  of  the  heart  through  the 
superior  vena  cava,  the  inferior  vena  cava,  and  the  coronary  sinus.  The  two  first- 
named  receive  blood  from  the  veins  of  the  body  and  limbs  and  from  most  of  the 
abdominal  and  pelvic  viscera.  The  coronary  sinus  receives  blood  from  the  veins  of 
the  walls  of  the  heart  alone. 

General  arrangement. — The  veins  of  the  body  wall  and  limbs  form  two  groups 
— (1)  the  superficial  veins ;  (2)  the  deep  veins. 

The  superficial  veins,  which  commence  in  the  capillaries  of  the  akin  and  sab- 
cutaneous  tissues,  lie  in  the  superficial  fascia,  and  are  very  numerona     Tbej 
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frequently  anastomose  with  one  another,  and  they  also  communicate  with  the  deep 
veins,  in  which,  after  piercing  the  deep  fascia,  they  terminate.  They  may  or  may 
not  accompany  superficial  arteries. 

The  deep  veins  accompany  arteries,  and  are  known  as  vence  comites.  The  large 
arteries  have  only  one  accompanying  vein,  but  with  the  medium-sized  and  small 
arteries  there  are  usually  two  venee  comites,  which  freely  anastomose  with  each 
other  by  short  transverse  branches  of  communication. 

Visceral  veins  usually  accompany  the  arteries  which  supply  viscera  in  the 
head,  neck,  thorax,  and  abdomen  As  a  rule  there  is  only  one  vein  with  each 
visceral  artery,  and,  with  the  exception  of  those  which  enter  into  the  formation  of 
the  portal  system,  they  terminate  in  the  deep  systemic  veins. 

THE  CORONARY  SINUS  AND  THE  VEINS  OF  THE  HEART. 

The  coronary  sinus  (sinus  coronarius.  Fig.  613)  is  a  short,  but  relatively  wide, 
venous  trunk  which  receives  the  majority  of  the  veins  of  the  heart.  It  lies  in  the 
inferior  portion  of  the  auriculo- ventricular  sulcus,  between  the  left  auricle  and 
the  left  ventricle,  and  it  is  covered  superfieially  by  some  of  the  muscular  fibres  of 
the  auricle. 

It  terminates  in  the  lower  and  back  part  of  the  right  auricle,  between  the  orifice 
of  the  inferior  vena  cava  on  the  right,  and  the  right  auriculo- ventricular  orifice  in 
front ; .  an  imperfect  valve,  consisting  of  one  or  two  cusps,  called  the  valve  of 
Thebesius,  is  situated  at  the  opening  of  the  sinus  into  the  auricle. 

The  apertures  of  all  the  tributaries  of  the  coronary  sinus,  except  that  of  the 
oblique  vein,  are  provided  with  valves,  which,  however,  are  frequently  incompetent. 

Tributaries. — (1)  The  great  cardiac  or  left  coronary  vein  (v.  cordis  magna,  Fig.  614) 
conunences  at  the  apex  of  the  heart.  It  ascends  in  the  anterior  interventricular  sulcus 
to  the  auriculo-ventricular  groove ;  it  then  turns  to  the  left,  and,  passing  round  the  left 
margin  of  the  heart  into  the  postero- inferior  part  of  the  auriculo-ventricular  groove, 
terminates  in  the  left  extremity  of  the  coronary  sinus.  It  receives  tributaries  from  the 
walls  of  both  ventricles  and  from  the  wall  of  the  left  auricle.  It  also  receives  the  left 
marginal  vein,  which  commences  at  the  lower  extremity  of  the  left  margin  of  the  heart, 
along  which  it  ascends  to  its  termination. 

(2)  Small  cardiac  or  right  coronary  vein  (v.  cordis  parva). — This  vein  is  very  vari- 
able ;  as  a  rule  it  commences  at  the  right  margin  of  the  heart  in  the  auriculo-ventricular 
sulcus,  passes  to  the  left,  and  terminates  in  the  coronary  sinus  near  its  right  end.  It 
receives  tributaries  from  the  walls  of  the  right  auricle  and  the  right  ventricle ;  one  from 
the  latter,  the  riffht  marginal  tfein,  ascends  along  the  right  margin  of  the  heart,  and 
sometimes  opens  directly  into  the  right  auricle. 

(3)  The  oblique  vein  of  Marshall  (v.  obliqua  atrii  sinistri.  Fig.  613)  is  a  small  venous 
channel  which  descends  obliquely  on  the  posterior  wall  of  the  left  auricle  and  terminates 
in  the  coronary  sinus.  Its  orifice  is  not  provided  with  a  valve.  It  is  of  special  interest, 
inasmuch  as  it  represents  the  left  superior  vena  cava  of  some  other  mammals,  and  is 
developed  from  the  left  duct  of  Cuvier. 

(4)  The  inferior  interventricular,  inferior  cardiac,  or  middle  cardiac  vein  (v.  cordis 
media),  commences  at  the  apex  of  the  heart,  and,  passing  backwards  in  the  inferior 
interventricular  sulcus,  terminates  in  the  right  end  of  the  coronary  sinus.  It  receives 
tributaries  from  the  inferior  parts  of  the  walls  of  both  ventricles. 

Veins  of  the  heart  which  do  not  end  in  the  coronary  sinus. — (a)  The  anterior 
cardiac  veins  (vv.  cordis  anteriores)  are  two  or  three  small  vessels  whicli  ascend  on  the 
anterior  wall  of  the  right  ventricle  to  the  auriculo-ventricular  groove,  where  they 
either  end  separately  in  the  right  auricle  or  terminate  in  the  commencement  of  the 
small  cardiac  vein.  (b)  The  vence  minimce  cordis. — A  number  of  small  veins  which 
commence  in  the  substance  of  the  walls  of  the  heart,  and  terminate  directly  in  its  cavities, 
principally  in  the  auricles ;  some  few,  however,  open  into  the  ventricles. 

THE  SUPERIOR  VENA  CAVA  AND  ITS  TRIBUTARIES. 

The  superior  vena  cava  (Figs.  619  and  620)  returns  the  blood  from  the  head 
and  neck,  the  upper  extremities,  the  thoracic  wall,  and  a  portion  of  the  up^r  \|art 
59  c 
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of  tlie  posterior  wall  of  the  abdomen.  It  is  formed,  at  the  lower  border  of  the  firs: 
right  costal  cartilage,  by  tlie  union  of  tlie  two  innominate  veins,  and  it  desc«»niis, 
with  a  slight  convexity  to  the  right,  to  the  level  of  the  third  right  costal  cartilaiie. 
where  it  (^pens  into  the  upper  and  back  part  of  the  right  auricle.  It  is  about 
tliree  indues  (7*5  cm.)  long ;  in  the  lower  half  of  its  extent  it  is  enclost^d  within 
the  tibrous  layer  of  the  jjericardium,  and  it  is  covered  in  front  and  laterally  by  the 
serous  layer. 

Relations.  -It  is  overla{)ped  in  frtrnt  by  the  margins  of  the  right  lung  and  pleural 
sijic  and  by  the  ascending  aorta.  Tlie  huig  and  pleura  intervene  between  it  and  thf 
second  and  third  costiil  cartilages,  the  internal  intercostal  nuiscles  in  the  first  and  secoini 
intercosUil  spjices,  and  the  intei'ual  nianiniary  vessels.  It  is  in  relation  behin/l  with  the 
riglit  vagus  nerve,  the  vena  azygos  major,  the  right  bronchus,  the  right  pulmonary  urterr, 
and  the  u|)per  right  pulmonary  vein.  On  its  left  side  are  the  commencement  of  llw 
innominate  artery  and  the  ascending  jx)rtion  of  the  aorta,  whilst  on  the  right  si*h  it  is 
in  close  relation  with  the  right  pleui-a,  the  phrenic  nerve  and  comes  nervi  phreiiii-i 
vessels  intervening. 

Tributaries. — In  addition  to  the  two  innominate  veins,  by  the  union  of  which  it  i% 
formed,  the  superior  vena  cava  only  receives  one  large  tributary,  viz.  the  vena  azvgcks 
major ;  but  several  small  pericaniial  and  raediiistinal  veins  open  into  it. 

The  Azygos  Veins. 

The  vena  azygos  major  (v.  azygos.  Fig.  660)  commences  either  fix)m  the  l»ack  of 
the  inferior  vena  cava,  at  the  level  of  the  right  renal  vein,  or  as  the  direct  upwanl 
ct)ntinuation  of  an  anastomosing  channel  wliich  connects  together  the  lumbar 
veins  of  the  right  side,  and  which  is  known  as  the  rlyht  ascejidin/j  lumbar  vein. 
The  great  azygos  vein  ascends  through  the  aortic  orifice  of  the  diaphragm,  aii»i 
is  continued  upwanls  through  the  postt»rior  mediastinum.  In  the  upper  part  of 
its  course,  it  first  pas.ses  behind  and  then  arches  forwards  above  the  root  of  the 
right  lung  to  its  termination  in  the  posterior  part  of  the  superior  vena  ca\'a, 
immediately  before  the  latter  vessel  pierces  the  pericardium.  It  frequently 
possesses  imperfect  valves. 

Relations. — In  the  ahdomen  it  lies  on  the  l>fxlies  of  the  upjxjr  lumbar  vertebr*, 
behind  the  right  erus  of  the  diaphragm  and  the  inferivjr  vena  cava,  and  to  the  right  side 
of  the  thoracic  duet. 

In  thf  thorax  it  lies  on  the  bodies  of  the  lower  eight  dorsal  vertebne,  the  intcrveDinjr 
dis(r^^,  and  the  anterior  common  ligament,  and  it  crosses  in  front  of  the  right  aortic  iutt-r- 
costal  arteries.  In  the  lower  part  of  the  posterior  mcMliastinum  it  is  covered  in  front  by  the 
right  pleura  and  lung  ;  at  a  higher  level  it  is  overlapjKjd  by  the  right  margin  of  the  av.- 
phagus,  and  immediately  before  its  termination  it  is  crossed  by  the  root  of  tlie  right  luuff. 

On  its  ri^rht  side  it  receives  the  right  posterior  intercostal  veins.  On  its  left  side  it  is 
in  relativ)n,  in  the  greater  part  of  its  extent,  with  the  tlK>racic  duct  and,  as  it  arches  for- 
wards over  the  nnit  of  the  lung,  with  the  right  vagus  nerve.  Al)out  the  level  of  the  seventh 
dorsid  vertebra  it  reecives  the  vena  azygos  minor  superior,  whilst  at  the  level  of  the 
eighth  dorsal  vertebni  the  vena  azygos  n^inor  inferior  opens  into  it. 

In  addition  to  the  left  azygos  veins  it  receives  the  right  pcsterior  intercostal  veius, 
exeei)t  that  from  the  fii*st  sjmicc  but  including  the  right  superior  intercostal  vein,  the 
riirht  subcostal  vein,  and,  through  the  a.scending  lumbar  vein,  the  up[»er  right  lumlwr 
veins.  It  also  receives  the  right  bronchial  veins  and  some  small  oesophageal,  pericardial, 
and  mediastinal  tri})Utaries. 

The  vena  azygos  minor  superior  (v.  hemi-azygos  accessoria)  is  formed  by  the  union  <»i 
the  ft)urth,  fifth,  sixth,  and  seventh  left  posterior  iutercostid  veins.  It  lies  in  the  posterior 
mediastinum  on  the  left  sides  of  the  IkkHcs  of  the  fifth,  sixth,  and  seventh  dorsal  vertebni*, 
and  cro>ses  the  spine  fmm  left  to  right  opi»osite  the  Inxly  of  the  seventh  dorsal  vertebra, 
jjassing  behind  tlie  aorta,  (esojihagus,  and  thoracic  duct  ;  it  terminates  in  the  vena  azygos 
major.  It  receives  the  left  bronchial  veins,  some  small  ix)sterior  mediastinal  veins  also 
open  into  it,  and  it  communicates  with  the  left  superior  intercostal  vein. 

The  vena  azygos  minor  inferior  (v.  hemi-azygos)  commences  in  tlic  epigastric  regiou. 
At  its  origin  it  is  connected  either  with  tlie  left  ascending  lumbar  vein  or  with  the  left  renal 
vein.     After  piercing  the  left  crus  of  the  diaphragm  it  ascends  on  the  left  aides  of  the 
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bodies  of  the  lower  dorsal  vertebra),  and  opposite  the  eighth  dorsal  vertebra  it  turns  to  the 
rights  crosses  the  front  of  the  spine  behind  the  aorta,  oesophagus,  and  thoracic  duct,  and 
terminates  in  the  vena  azygos  major.  As  it  ascends  in  the  posterior  mediastinum  it 
Lies  internal  to  the  sympathetic  cord,  behind  the  roots  of  the  splanchnic  nerves,  and 
superficial  to  the  lower  left  intercostal  arteries.  Through  the  left  ascending  lumbar 
vein  it  receives  blood  from  the  upper  lumbar  veins  of  the  left  side;  the  lower  four 
posterior  intercostal  veins,  the  left  subcostal  vein,  and  small  mediastinal  tributaries  also 
terminate  in  it. 

Not  infrequently  the  upper  and  lower  minor  azygos  veins  unite,  opposite  the  seventh 
or  eighth  dorsal  vertebra,  to  form  a  common  trunk  which  terminates  in  the  azygos  major. 
The  bronchial  veixiB  do  not  quite  correspond  to  the  bronchial  arteries,  and  they  are 
not  found  on  the  walls  of  the  smallest  bronchi.  On  each  side  the  tributaries  run  in  front 
of  and  behind  the  bronchial  tubes  to  the  root  of  the  lung,  where  they  unite,  as  a  rule, 
into  two  small  trunks ;  those  of  the  right  side  open  into  the  vena  azygos  major,  and  those 
of  the  left  into  the  vena  azygos  minor  superior,  or  into  the  left  superior  intercostal  vein. 
On  both  sides  they  are  joined  by  tracheal  and  posterior  mediastinal  veins.  Some  few 
small  bronchial  veins,  including  most  of  those  from  the  smaller  tubes,  open  into  the 
pulmonary  veins. 

Intercostal  Veins. — There  are  two  sets  of  intercostal  veins  (vv.  intercostales),  the 
anterior  and  the  posterior. 

The  anterior  intercostal  veins  are  tributaries  of  the  internal  mammary  or  of  the 
musculo-phrenic  veins,  and  are  described  with  those  vessels  (p.  874). 

The  posterior  intercostal  veins  (Fig.  660)  are  eleven  in  number  on  each  side.  A 
single  vein  runs  in  each  intercostal  space  ;  it  is  situated  in  the  subcostal  groove  above  the 
corresponding  artery. 

On  the  right  side  the  posterior  intercostal  vein  of  the  first  space  accompanies  the 
superior  intercostal  artery  across  the  front  of  the  neck  of  the  first  rib,  and  terminates 
in  the  vertebral  or  innominate  vein.  The  second,  third,  and  fourth  intercostal  veins  of 
the  right  side  unite  together  to  form  a  common  trunk,  the  right  superior  intercostal  vein 
(v.  iutercostalis  suprema  dextra),  which  terminates  by  joining  the  vena  azygos  major.  The 
fifth  to  the  eleventh  posterior  intercostal  veins  of  the  right  side  open  separately  in  the 
vena  azygos  major. 

On  the  left  side  the  first  posterior  intercostal  vein  follows  a  course  similar  to  that 
taken  by  the  corresponding  vein  on  the  right  side,  and  terminates  in  the  left  vertebral  or 
iiuiomiuate  vein.  The  second,  third,  and  fourth  posterior  intercostal  veins  of  the  left  side 
unite  to  form  the  left  superior  intercostal  vein  (v.  iutercostalis  suprema  sinistra),  which 
runs  from  behind  forwards  along  the  left  and  anterior  aspect  of  the  aortic  arch.  It  passes 
obliquely  between  the  left  vagus  and  phrenic  nerves,  crosses  the  root  of  the  left 
subclavian  artery,  and  ends  in  the  lower  part  of  the  left  innominate  vein.  The  fifth, 
sixth,  seventh,  and  eighth  posterior  intercostal  veins  of  the  left  side  terminate  in  the 
^cna  azygos  minor  superior,  and  the  ninth,  tenth,  and  eleventh  in  the  vena  azygos  minor 
inferior. 

flach  posterior  intercostal  vein  is  provided  with  valves,  both  at  its  termination  and 
along  its  course,  which  prevent  the  blood  flowing  towards  the  anterior  aspect  of  the 
thoracic  wall.  Its  tributaries  are  derived  from  the  adjacent  muscles  and  bones,  and  a 
short  distance  from  its  termination  it  receives  a  dorsal  tributary  which  passes  forwards 
to  it  between  the  transverse  processes  of  the  vertebra*.  This  dorsal  vessel  is  formed  by 
the  union  of  small  veins  which  issue  from  the  muscles  of  the  back,  from  the  anterior  and 
posterior  spinal  plexuses  which  lie  respectively  in  front  of  the  bodies  and  behind  the 
arches  of  the  vertebra3,  and  by  venous  channels  which  issue  through  the  intervertebral 
foramina ;  the  latter  vessels  commence  in  the  spinal  canal,  where  they  are  connected  with 
the  anterior  and  posterior  spinal  veins. 

The  Innominate  Veins. 

The  innominate  or  brachio-cephalic  veins  (w.  auonyma^  dextra  et  sinistra 
Figs.  619  and  620),  two  in  number,  right  and  left,  return  blood  from  the  head  and 
neck,  the  upper  extremities,  the  upper  part  of  the  posterior  wall  of  the  thorax,  the 
anterior  wall  of  the  thorax,  and  the  upper  part  of  the  anterior  wall  of  the  abdomen. 
Each  innominate  vein  commences  l.)ehind  the  sternal  end  of  the  clavicle  of  tho 
corresponding  side,  and  ia  formed  by  the  union  of  the  internal  jugular  and  sub- 
clavian veins;  the  two  innominate  veins  terminate  by  uniting  together,  at  the 
iower  border  of  the  cartilage  of  the  first  rib  on  the  right  side,  to  foim  \,\v^  %>\'^Tvst 
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vena  cava.  To  reach  this  point  the  left  vein  has  to  pass  from  left  to  right  behind 
the  manubrium  stemi,  and  it  is  therefore  about  three  times  as  long  as  the  right 
vein.     The  innominate  veins  do  not  possess  valves. 

The  right  innominate  vein  is  a  little  more  than  one  inch  (3  cm.)  in  length. 
It  descends  almost  vertically  to  the  lower  border  of  the  first  costal  cartilage,  and 
terminates  in  the  superior  vena  cava. 

Relations. — It  is  in  relation  in  front  with  the  sternal  end  of  the  clavicle  and  the 
sternohyoid  and  stemo-thyroid  muscles.  It  partly  overlaps  the  innominate  artery,  which 
lies  to  its  left  side,  and  it  is  in  front  of  the  right  vagus  nerve  and  the  posterior  part  of  the 
upper  end  of  the  right  pleural  sac.  The  phrenic  nerve  and  the  accompanying  vessels  run 
along  its  right  side,  and  intervene  between  it  and  the  right  pleural  sac. 

Tributaries. — In  addition  to  the  veins  by  the  union  of  which  it  is  formed,  the  right 
innominate  vein  receives  the  right  vertebral  and  internal  mammary  veins,  and  sometimes 
the  right  inferior  thyroid  vein  and  the  first  right  posterior  intercostal  vein.  The  right 
lymphatic  duct  also  opens  into  it. 

The  left  innominate  vein  passes  from  left  to  right,  with  a  slight  obliqnitj 
downwards,  behind  the  upper  part  of  the  manubrium  sterni,  to  the  lower  bolder 
of  the  first  right  costal  cartilage,  where  it  terminates  in  the  superior  vena  cava. 
It  is  a  little  less  than  three  inches  long  (6  to  7*5  cm.) 

Relations. — It  is  covered  in  front,  in  the  greater  part  of  its  extent,  by  the  steno- 
hyoid  and  stemo-thyroid  muscles,  but  at  its  right  extremity  it  is  slightly  overlapped  hj 
the  right  pleura,  and  in  the  middle  line  the  remains  of  the  thymus  gland  interreoe 
between  it  and  the  posterior  surface  of  the  sternum.  It  rests  posteriorly  upon  the  left 
subclavian  artery,  the  left  phrenic,  and  the  left  vagus  nerves,  the  left  superior  cardiac 
branch  of  the  sympathetic,  the  inferior  cervical  branch  of  the  left  vagus,  the  left  oommoD 
carotid  artery,  the  trachea,  and  the  innominate  artery. 

Its  lower  border  is  in  relation  with  the  arch  of  the  aorta,  and  on  its  upper  bolder  it 
receives  the  inferior  thyroid  vein  of  one  or  both  sides. 

Tributaries. — It  receives  the  vertebral,  internal  mammary,  inferior  thyroid,  and 
superior  intercostal  veins  of  its  own  side,  the  first  left  posterior  iutercoetal  vein,  and 
some  pericardial,  thymic,  anterior  bronchial,  and  anterior  mediastinal  veins.  Sometimes 
the  right  inferior  thyroid  vein  joins  it,  but  usually  this  vessel  terminates  in  the  right 
innominate  vein  or  in  the  commencement  of  the  superior  vena  cava. 

The  thoracic  duct  opens  into  it  just  at  the  angle  of  junction  of  the  internal  jugular 
and  subclavian  veins. 

Internal  mammary  veins  (w.  mammaria3  intemse). — Each  internal  mammazr 
artery  is  accompanied  by  vense  comites ;  they  commence  by  the  union  of  the  venff 
comites  of  the  superior  epigastric  and  musculo-phrenic  arteries,  between  the  sixth  costal 
cartilage  and  the  triangularis  sterni,  and  at  the  upper  part  of  the  thorax  they  fuse  into  a 
single  vessel  which  enters  the  superior  mediastinum  and  ends  in  the  innominate  vein  of  the 
same  side. 

The  tributaries  of  the  internal  mammary  veins  are — (a)  The  venas  comites  of  the 
superior  epigastric  and  musculo-phrenic  arteries,  which  in  their  turn  receive  tributaries 
which  correspond  with  the  branches  of  the  arteries  they  accompany.  (6)  Six  antoiflr 
perforating  veins  which  accompany  the  corresponding  arteries,  one  lying  in  each  of  the 
upper  six  intercostal  spaces,  (c)  Twelve  ant^or  intercostal  veins  from  the  upper  six 
intercostal  spaces,  two  veins  lying  in  each  space  with  the  corresponding  branches  of  the 
internal  mammary  artery,  (d)  Small  and  irregular  pleural,  mnscnlar,  mediastina],  and 
sternal  veins. 

The  internal  mammary  veins  are  provided  with  numerous  valves  which  prevent  the 
blood  from  flowing  downwards. 

Superior  epigastric  veins  (w.  epigastricas  superiores). — The  venae  comites  of  the 
superior  epigastric  artery  receive  tributaries  from  the  substance  of  the  rectus  abdominis, 
the  sheath  of  the  muscle,  and  the  superjacent  skin  and  fascia ;  they  pass  with  the  arterr, 
between  the  sternal  and  costal  origins  of  the  diaphragm,  and  terminate  in  the  interniil 
mammary  veins. 

Musculo-phrenic  veins. — The  venae  comites  of  the  musculo-phrenic  artery  com- 
mence in  the  abdomen,  pass  through  the  diaphragm  with  the  artery,  and  terminate  in 
the  internal  mammary  veins.  They  receive  as  tributaries  the  anterior  intercostal  vans  of 
the  seventh,  eighth,  and  ninth  intercostal  spaces,  and  small  venules  from  the  8afastaDeo<i' 
the  diaphragm. 
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Vertebral  Veins  (w.  vertebrales). — These  correspond  only  to  the  extra-cranial 
rts  of  the  vertebral  arteries.  Each  commences  by  the  union  of  offsets  from 
e  intraspinal  venous  plexuses,  and,  issuing  from  the  spinal  canal,  passes  across 
e  posterior  arch  of  the  atlas  with  the  vertebral  artery  to  the  foramen  in  tlie 
insverse  process  of  the  atlaa  It  then  descends  through  the  foramina  in  the 
rvical  transverse  processes,  and  breaks  up  into  a  plexus  of  venous  channels  which 
rround  the  artery.  At  the  lower  part  of  the  neck  these  channels  unite  to  form 
single  trunk  which  issues  from  the  foramen  in  the  transverse  process  of  the 
cth  cervical  vertebra,  and  descends,  in  the  interval  between  the  longus  colli  and 
denus  anticus  muscles,  to  terminate  in  the  upper  and  back  part  of  the  innominate 
in,  where  it  possesses  a  imi-  or  bi-cuspidate  valve. 

Relations. — In  the  first  part  of  its  course  the  vein  lies  in  the  suboccipital  triangle. 
le  second,  plexiform  portion,  is  in  the  canal  formed  by  the  foramina  in  the  transverse 
ocesses  of  the  cervical  vertebra?,  and,  with  the  artery  which  it  surrounds,  lies  in  front  of 
e  trunks  of  the  cervical  spinal  nerves.  The  third  part,  in  the  root  of  the  neck,  is 
tween  the  longus  colli  and  scalenus  anticus  muscles,  in  front  of  the  first  part  of  the 
rtebral  artery,  and  behind  the  internal  jugular  vein. 

Tributaries. — In  addition  to  the  effects  from  the  intraspinal  venous  plexuses  by  the 
lion  of  which  it  is  formed,  each  vertebral  vein  receives  the  following  tributaries : — (a) 
nail  vessels  which  issue  from  the  muscles,  ligaments,  and  bones  of  the  deeper  parts  of  the 
>ck,  and  the  lower  and  back  part  of  the  head,  (b)  Offsets  from  the  intraspinal  venous 
ezuses  which  pass  out  of  the  spinal  canal  by  the  intervertebral  foramina,  (c)  The 
iterior  deep  cervical  or  anterior  vertebral  vein,  a  vessel  which  is  formed  by  the  union  of 
ibutaries  which  issue  from  a  venous  plexus  which  lies  in  front  of  the  bodies  and 
I  the  roots  of  the  transverse  processes  of  the  cervical  vertebra?.  This  vessel  accompanies 
le  ascending  cervical  artery,  and  terminates  in  the  lower  part  of  the  vertebral  vein, 
imediately  after  the  latter  has  issued  from  the  foramen  in  the  sixth  cervical  transverse 
xx^ess.  (d)  The  posterior  deep  cervical  (v.  cervicalis  profunda)  or  posterior  vertebral 
sin ;  this  commences  in  the  suboccipital  triangle  from  a  venous  plexus  with  which 
le  vertebral  and  occipital  veins  communicate.  It.  descends  behind  the  transverse 
x>ce88es  of  the  cervical  vertebrae  in  company  with  the  profunda  cervicis  artery,  turns 
rwards  at  the  root  of  the  neck,  between  the  transverse  processes  of  the  sixth  and 
venth  cervical  vertebrae  or  between  the  latter  and  the  neck  of  the  first  rib,  and  opens 
to  the  vertebral  vein.  It  receives  blood  from  the  muscles,  ligaments,  and  bones  of  the 
ick  of  the  neck,  (e)  The  posterior  intercostal  vein  from  the  first  intercostal  space  seme- 
mes opens  into  it. 

Occasionally  the  venous  plexus  round  the  vertebral  artery  ends  below  in  two  terminal 
links,  anterior  and  posterior,  instead  of  one.  In  these  cases  the  second  terminal  vessel 
38  behind  the  lower  part  of  the  vertebral  artery,  passes  through  the  foramen  in  the 
ansverse  process  of  the  seventh  cervical  vertebra,  and  turns  forwards  on  the  outer  side 
:  the  artery  to  join  the  anterior  trunk,  thus  forming  a  common  terminal  vein  which 
ids  in  the  usual  manner. 

Inferior  Thsrroid  Veins  (w.  thyreoideae  inferiores). — Each  inferior  thyroid 
ein  conmiences  by  the  union  of  a  series  of  tributaries  which  issue  from  the 
ithmus  and  the  corresponding  lateral  lobe  of  the  thyroid  body.  The  two  veins 
ascend  along  the  front  of  the  trachea  into  the  superior  mediastinum,  where  the 
ight  inferior  thyroid  vein  terminates  in  the  junction  of  the  two  innominate  veins, 
nd  the  left  in  the  upper  part  of  the  left  innominate  vein ;  or  the  two  veins  unite 
0  form  a  single  trunk,  which  usually  ends  in  the  left  innominate  vein,  l)ut  occa- 
ionally  in  the  right.  In  their  descent  through  the  neck  the  inferior  thyroid  veins 
requently  anastomose  together,  and  sometimes  these  anastomoses  are  so  frequent 
nd  irregular  that  a  venous  plexus  is  formed  in  front  of  the  lower  cervical  portion 
f  the  trachea. 

VEINS  OF  THE  HEAD  AND  NECK. 

Internal  jngnlar  veins  (Figs.  620  and  650). — Each  internal  jugular  vein  (v. 
ugularis  interna)  commences  in  the  posterior  compartment  of  the  jugular  foramen, 
a  the  direct  continuation  of  the  lateral  sinus,  and  terminates  behind  the  sternal 
art  of  the  clavicle  by  uniting  with  the  subclavian  vein  of  the  same  side  to  form 
be  innominate  vein. 
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At  its  commencement  it  is  dilated,  forming  the  bulb  of  the  jugular  vein,  and 
in  this  situation  it  lies  behind  and  somewhat  to  the  outer  aide  of  the  internal 
carotid  artery  and  the  last  four  cranial  nerves.  As  it  descends  it  accompanies 
tirst  tlie  internal  and  then  the  common  carotid  artery ;  inclining  forwards  during 
its  descent,  it  gradually  passes  from  its  original  position,  behind  and  to  the  out«r 
side  of  the  internal  carotid  artery,  and  lies  more  completely  to  the  outer  side  of  the 
internal  and  common  carotid  arteries,  and  indeed  somewhat  overlaps  the  latt^^r  in 
front.  This  is  more  especially  the  ca.se  on  the  left  side,  for  both  internal  jugular 
veins  trend  slightly  towards  the  right  as  they  descend ;  consequently  at  the  nwt 
of  the  neck  the  riglit  vein  is  separated  from  the  right  common  carotid  artery  by  a 
small  interval  lilled  by  areolar  tissue,  whilst  the  left  vein  is  more  directly  in  front 
of  the  corresponding  conmion  carotid  artery. 

Within  an  inch  of  its  lower  extremity  each  internal  jugular  vein  is  pro- 
vided with  a  valve,  which,  however,  is  frequently  incompetent.  It  consists  of  one, 
two,  or  three  cusps. 

Relations. — Tlie  vein  lies  in  front  of  the  transverse  processes  of  the  cervical  verie- 
bruD,  the  rectus  capitis  lateralis,  rectus  capitis  auticus  major,  and  scalenus  anticus  mu^les, 
the  ascending  cervicul  artery,  which  runs  upwards  in  the  interval  between  the  att«cb- 
nicnts  of  the  two  latter  muscles,  and  the  phrenic  nerve  ;  the  suprascapular  and  the 
transverse  cervical  arteries  intervene  between  it  and  the  scalenus  anticus.  At  the  root  of 
the  neck  the  vein  Hes  in  front  of  the  first  part  of  the  subclavian  artery  and  the  origioi 
of  the  vertebral  artery  and  the  thyroid  axis,  and  on  the  left  side  it  is  iu  front  of  the 
terminal  part  of  the  tlioracic  duct. 

On  the  inner  side  of  the  internal  jugular  vein,  immediately  below  the  skull,  are  the 
internal  carotid  artery  and  the  last  four  cranial  nerves ;  in  the  rest  of  its  extent  it  is  in 
relation  internally  cither  with  the  internal  or  the  common  carotid  artery,  whilst  to  its 
inner  side  and  somewhat  posteriorly,  between  it  and  the  large  arteries,  lies  the  vague 
nerve. 

Kacli  internal  jugular  vein  is  covered  in  the  whole  of  its  length  by  the  stemo-mastoid 
nniscle  ;  near  its  iq)per  end  it  is  crossed  by  the  posterior  belly  of  the  digastric,  whilst  in 
its  lower  half,  in  addition  to  the  sterno-nmstoid,  the  omo-hyoid,  the  sterno-hyoid,  and  the 
sterno-tliyroid  muscles  are  superficial  to  it.  Just  below  the  transverse  process  of  theatlfti, 
and  under  cover  of  the  sterno-mastoid,  the  vein  is  crossed  on  its  outer  side  by  the  spinal 
accessory  nerve  and  by  the  occipital  artery ;  about  the  middle  of  its  course  it  is  al» 
crossed  by  the  communieans  cervicis  nerve,  and  near  its  lower  end  by  the  anterior  jugular 
vein  :  the  latter  vessel,  however,  is  scimnited  from  it  by  the  sterno-hyoid  and  sterno- 
thyroid muscles.     Sujjertieial  to  the  vein  arc  numerous  deep  cervical  lymphatic  glands. 

Tributaries. — (a)  The  inferior  petrosal  sinus,  which  joins  it  near  its  commencenoent. 
(A)  Pharyngeal  branches  from  the  venous  ])lexu8  on  the  wall  of  the  pharynx,  {c)  The 
conunon  facial  vein,  which  receives  the  fiicial  vein  and  its  tributaries,  (d)  The  linfoal 
veins  (w.  linguales),  small  veuie  comites,  which  commence  chiefly  in  the  sublingual 
and  dorsalis  linguje  veins,  and  accompany  the  first  and  second  parts  of  the  lingual  artenr. 
(e)  The  ranine  vein,  which  commences  beneath  the  tip  of  the  tongue,  and  accompanies 
at  first  the  two  terminal  jwirts  of  the  lingual  artery,  and  afterwards  the  hypoglosBal 
nerve.  (./")  The  superior  thsrrold  vein  (v.  thyreoidea  superioris),  which  accompanies  the 
corresponding  artery.  (//)  The  middle  tliyroid  vein,  which  passes  backwards  from  the 
lateral  lobe  of  the  thyroid  body  and  crosses  the  middle  of  the  outer  aspect  of  the  commoD 
ciirotid  artery,  (h)  The  occipital  vein  (v.  occipitalis)  occasionally  terminates  in  the 
internal  jugular  vein.  In  many  cases,  however,  it  ends  in  the  suboccipital  plexus,  which 
is  drainctl  by  the  vertebral  and  deep  cervical  veins  (see  p.  875). 

The  common  facial  vein  (v.  facialis  communis)  is  formed  by  the  union  of  the  &dal 
vein  (v.  fiicialis  anterior)  with  the  anterior  division,  or  terminal  branch,  of  a  venous 
trunk  which  lies  in  substance  of  the  parotid  gland,  and  which  is  called  the  tempoio- 
maxillary  vein  (v.  facialis  posterior).  It  Jiccompanies  the  first  part  of  the  facial  artery 
in  the  carotid  triangle,  pa.sses  between  the  stenio-mastoid,  and  terminates  in  the  anterior 
l>order  of  the  internal  jugular  vein.  Just  before  it  disappears  beneath  the  stemo-mastoid, 
the  conmum  facial  vein  frequently  gives  off  a  large  branch,  which  descends  along  the 
anterior  border  of  the  sterno-mastoid  to  the  suprasternal  fossa,  where  it  joins  the 
anterior  jugular  vein. 

The  facial  vein  (v.  facialis  anterior.  Fig.  64H)  commences  at  the  inner  angle  of  the 
orbit  in  the  angular  vein,  which  \ft  fotmed  by  the  union  of  the  supra-orbital  and  frootd 
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ins.  It  passes  downwards  and  backwards  on  the  face,  from  the  inner  angle  of  the  orbit 
the  lower  and  anterior  part  of  the  masseter  muscle,  which  it  crosses,  lying  in  the  same 
Euie  as  the  facial  artery,  but  following  a  much  straighter  course.  After  crossing  the 
B?er  border  of  the  jaw  it  passes  across  the  submaxillary  triangle,  supei-ficial  to  the 
bmaxillary  gland,  and  separate  from  the  facial  artery,  which  here  lies  in  a  deeper  plane, 
id  it  terminates  a  short  distance  below  the  angle  of  the  jaw  by  uniting  with  the  anterior 
vision  of  the  temporo-maxillary  vein  to  form  the  common  facial  vein. 

The  facial  vein  receives  tributaries  corresponding  with  all  the  branches  of  the  facial 
tery,  except  the  ascending  palatine  and  the  tonsillar,  which  have  no  accompanying  veins, 
le  blood  from  the  region  which  they  supply  being  returned  for  the  most  part  through 
le  pharyngeal  plexus.  The  facial  vein  also  communicates  with  the  pterygoid  plexus 
hich  surrounds  the  external  pterygoid  muscle  by  means  of  an  anastomosing  channel, 
tiled  the  deep  facial  vein,  which  passes  backwards  between  the  masseter  and  buccinator 
iUscles  into  the  zygomatic  fossa. 

The  inferior  thyroid  veins  have  already  been  described  (see  p.  875). 

Subclavian  Veins. — The  subclavian  vein  (v.  subclavia)  of  each  side  is  the 
irect  continuation  of  the  main  vein  of  the  upper  extremity,  the  axillary  vein  ;  but 
tirough  its  tributary,  the  external  jugular  vein,  it  also  receives  blood  both  from 
he  superficial  and  deep  parts  of  the  head  and  neck. 

From  its  commencement  at  the  outer  border  of  the  first  rib  it  runs  inwards 
elow  and  in  front  of  the  corresponding  artery,  from  which  it  is  separated  by  the 
>wer  part  of  the  scalenus  anticus  muscle,  and  it  terminates  behind  the  sternal 
nd  of  the  clavicle,  in  the  innominate  vein  of  the  corresponding  side.  As  it  passes 
awards  it  forms  a  sUght  curve,  the  convexity  of  which  is  directed  upwards. 

Each  subclavian  vein  possesses  a  single  bicuspid  valve  which  is  situated  imme- 
iately  on  the  distal  side  of  the  opening  of  the  external  jugular  vein. 

Relations. — The  subclavian  vein  is  in  relation  in  front  with  the  posterior  layer  of  the 
osto-coracoid  membrane,  which  separates  it  from  the  subclavius  nmscle,  and  the  nerve 
D  the  subclavius,  and  with  the  back  of  the  sternal  end  of  the  clavicle,  from  which  it  is 
artly  separated,  however,  by  the  fibres  of  the  sterno-hyoid  and  stemo-thyroid  muscles. 

It  is  closely  attached  in  front  to  the  posterior  surface  of  the  costo-coracoid  membrane, 
jnsequently  it  is  expanded  when  the  clavicle  is  moved  forwards,  a  condition  of  affairs 
hich  constitutes  a  distinct  danger  when  operations  are  being  performed  in  the  neighbour- 
xxi  of  the  vein,  for  in  the  event  of  the  vessel  being  wounded,  forward  movement  of  the 
avicle  may  cause  air  to  be  sucked  into  the  vein  with  fatal  results. 

Behind  the  vein,  and  on  a  higher  plane,  are  the  first  and  third  parts  of  the  subclavian 
•tery,  but  it  is  separated  from  the  second  part  by  the  scalenus  anticus.  To  the  inner 
le  of  the  anterior  scalene  the  posterior  relations  of  the  vein,  in  addition  to  the  sub- 
aviau  artery,  are  the  upper  part  of  the  internal  mammary  artery,  the  phrenic  nerve,  and 
le  cervical  portion  of  the  pleura. 

It  rests  upon  the  upper  surface  of  the  first  rib. 

Tributaries. — Whilst  the  subclavian  vein  is  the  direct  continuation  of  the  axillary 
3iii,  and  receives  the  blood  from  the  upper  extremity,  it  has,  as  a  general  rule,  only  one 
lined  tributary,  viz.  the  external  jugular  vein. 

The  external  jugular  vein  (v.  jugularis  externa.  Fig.  648)  is  formed  on  the 
iperficial  surface  of  the  stemo-mastoid  muscle,  a  little  below  and  behind  the  angle 
f  the  jaw,  by  the  union  of  the  posterior  auricular  vein  with  the  posterior  terminal 
ranch  of  the  temporo-maxillary  vein.  After  its  formation  the  external  jugular 
ein  descends,  with  a  slight  obliquity  backwards,  to  the  anterior  part  of  the 
abelavian  portion  of  the  posterior  triangle  of  the  neck,  where  it  pierces  the  deep 
ascia,  and,  after  crossing  in  front  of  the  third  part  of  the  subclavian  artery, 
erniinates  in  the  subclavian  vein. 

Whilst  on  the  surface  of  the  stemo-mastoid  muscle  it  is  covered  by  the  super- 
icial  fascia  and  platysma  muscle,  and  it  lies  parallel  with,  and  slightly  in  front  of, 
he  great  auricular  nerve ;  after  crossing  the  transverse  cervical  nerve  it  readies 
ihe  posterior  border  of  the  sterno-mastoid,  where  it  receives  a  tributary  called  the 
posterior  external  Jugular  vein,  which  commences  in  the  superficial  tissues  of  the 
upper  and  back  part  of  the  neck,  and  runs  downwards  and  forwards  fluc\»«a»  Ua^^  \wA 
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of  llie  u])]»er  part  of  tlie  posterior  cervical  triangle  to  its  teriniDation  in  tlie  exlen^nl 
juirular  vriii. 

As  tli<'  external  jugular  vein  pierces  the  deep  cervical  fascia  in  the  subeUvi.ru 
triangle,  its  wall  is  closely  attached  to  the  margin  of  the  oj^ning  thn">ugli  whicl. 
it  passes,  and  as  it  is  crossing  in  front  of  the  third  part  of  tlie  subclavian  arl»Tv  i: 
is  joined  hv  th('  suprascapular,  transverse  cervical,  and  anterior  jugular  veins. 

Tlu^re  are  usually  two  valves  in  the  lower  ])art  of  the  vein — om?,  whi'li  i^ 
generally  inc(^m[>etent,  at  its  t^^nnination,  and  a  ac»cond  at  a  higher  level 

Tributaries. — In  addition  in  the  ]>ostorior  auricular  vein  juid  the  ])OJsti'rior  divi^ini. 


Suj't'ilii  (Jil  tr-iii^Kn-vt  vein 

I  till  I!  ml  Tfiaxiltftvy  vfirr- 
l*i».\\'TV>r  miiikMilfLT  yaw 


Anterior  ilivisiou  uF 
ti-nijiurO'TiiajEillary  I'cip 


'1  laiiini^rar  crrvicjil  Vf*fii 


Fn..  043. — SrrKi:Kit  lAi,  Vkins  «»i   tiik  Ukad  and  Xeck. 


nt  tlie  tcinpni-oinaxillary  vein  by  which  it  is  u»nued,  the  cxlcnml  jugular  vein  rcooivo- 
tht:  ]M)>t»nnr  I'xnriial  jn;:ular  vein,  whi<:h  has  already  been  deKcribed,  the  tninsvcr-i' 
e<M'viral  ami  siipra-ieapular  veins  t'nuii  the  region  of  the  shoidder,  and  the  antori"i 
jugular  vein.      <  Jecasioiially  the  cephalie  vein  also  opens  into  it. 

The  posterior  auricular  vein  (v.  aurieularis  j^o.sterir)!-,  Kijr.  04iS)  receives  trilmtarif? 
tinui  the  posterinr  parts  of  tii<!  parietal  and  temporal  regit >ns  and  from  the  inner  surf-Hw 
oi*  the  piiuia.  It  i>  considerably  larger  than  the  posterior  auricular  artx^r}*,  which  it  onlv 
accniiipunies  in  the  scalj).  At  the  })ase  of  the  sealj)  it  leaves  the  artery  and  desoemls  i" 
th(?  sii]<ertirial  fascia,  uver  the  uj^ier  part  of  the  sterno-mastoid,  to  oj)en  into  the  eonimeiii'e- 
luent  of  the  e.xlornal  jugular  vein. 

The  ]>o.stenor  division  of  the  temporo-maxillary  vein  (see  p.  880). 
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The  transverse  cervical  aud  suprascapular  veins  accompany  tlie  coiTcsponding 
teries ;  not  infrequently  they  open  directly  into  the  subclavian  vein. 

The  anterior  jugular  vein  (v.  jugularis  anterior)  commences  over  the  anterior  belly  of 
e  digastric  muscle,  and  is  formed  by  the  union  of  small  veins  from  the  lower  lip  and  the 
bmental  region.  It  descends  in  the  superficial  fascia,  at  a  variable  distance  from  the 
iddle  line,  and  perforates  the  superficial  layer  of  the  deep  fascia  just  above  the  inner 
d  of  the  clavicle.  It  there  enters  the  space  above  the  manubrium  stemi,  which  lies 
tween  the  first  and  second  layers  of  the  deep  cervical  fascia,  and  which  is  called  Bums's 
ace,  where,  after  anastomosing  with  its  fellow  of  the  opposite  side  and  receiving  a 
nuuunication  from  the  facial  vein,  it  turns  outwards,  between  the  sterno-mastoid  super- 
ially  and  the  stemo-hyoid,  stemo-thyroid,  and  scalenus  anticus  muscles  deeply,  to 
rminate  at  the  outer  border  of  the  latter  muscle  in  the  external  jugular  vein. 

The  Vbins  of  the  Scalp. 

The  veins  which  drain  the  blood  from  the  superficial  parts  of  the  scalp  are  the 
»utal,  the  supra-orbital,  the  superficial  temporal,  the  posterior  auricular,  and  the 
dpital.  The  blood  from  the  deeper  part  of  the  scalp,  in  the  region  of  the 
nporal  fossa  on  each  side,  passes  into  the  deep  temporal  veins,  which  are 
butaries  of  the  pterygoid  plexus. 

The  firontal  (v.  frontalis)  and  supra-orbital  veins  (v.  supra-orbitalis)  receive  blood 
m  the  inner  and  front  part  of  the  scalp.  They  unite  together,  near  the  upper 
1  inner  angle  of  the  orbit,  to  form  the  angtUar  vein;  before  the  union  is 
3Cted  the  supra-orbital  vein  sends  a  branch  backwards  through  the  supra-orbital 
tch  into  the  orbital  cavity,  where  it  terminates  in  the  ophthalmic  vein,  and  as 
s  branch  passes  through  the  notch  it  receives  the  frontal  diploic  vein  (p.  881). 

The  superficial  temporal  vein  (v.  temporalis  superficiaUs)  receives  tributaries 
m  the  outer  part  of  the  frontal  region,  from  the  greater  part  of  .the  super- 
ial  area  of  the  temporal  region,  and  from  the  anterior  part  of  the  parietal 
rion.  It  passes  downwards,  across  the  posterior  root  of  the  zygoma,  into  the 
rotid  gland,  where  it  unites  with  the  internal  maxillary  vein  to  form  the  temporo- 
ixillary  trunk. 

The  posterior  auricular  vein  (v.  auricularis  posterior)  drains  the  posterior 
rtions  of  the  temporal  and  parietal  areas  of  the  scalp.  It  runs  downwards 
rose  the  mastoid  portion  of  the  temporal  bone,  and  terminates  in  the  external 
gular  vein. 

The  occipital  vein  (v.  occipitalis.  Fig.  648)  receives  tributaries  from  the  inner 
d  posterior  part  of  the  parietal  region  and  from  the  occipital  region.  As  a  rule 
pierces  the  occipital  origin  of  the  trapezius,  and,  passing  deeply  into  the  sub- 
cipital  triangle,  terminates  in  a  plexus  of  veins  which  is  drained  by  the  vertebral 
d  deep  cervical  veins.  It  sometimes  communicates  with  the  external  jugular 
in,  and  occasionally  an  offset  from  it  accompanies  the  coiTcsponding  artery  and 
ids  in  the  internal  jugular  vein. 

It  generally  receives  the  mastoid  emissary  vein ;  one  of  its  tributaries  receives 
e  parietal  emissary  vein,  and  occasionally  an  emissary  vein  from  the  torcular 
erophili  opens  into  it. 

The  Veins  of  the  Orbit,  the  Nose,  and  the  Ptbrygo-maxillary  Eegion. 

The  veins  of  these  three  regions  are  closely  associated  together ;  for  although 
e  orbital  blood  is  returned  for  the  most  part  to  the  cavernous  sinus  by  the 
hthalmic  vein,  the  latter  vein  is  closely  connected  with  the  pterygoid  plexus 
lich  lies  in  the  pterygo-maxillary  region. 

Veins  of  the  Orbit. — The  veins  of  the  orbit  correspond,  with  the  exception  of 
3  frontal  vein,  witli  the  branches  of  the  ophthalmic  artery,  and  tliey  gradually 
iverge,  as  they  pass  backwards  in  the  orbit,  until  they  form  two  main  trunks,  an 
per  (v.  ophthalmica  superior)  and  a  lower  (v.  ophthalmica  inferior);  these 
minate,  separately  or  by  a  single  trunk,  in  the  anterior  end  of  the  cavernous 
lUB,  to  which  they  pass  through  the  foramen  laceruni  anterius,  and  between  the 
o  heads  of  the  external  rectus  muscle. 

The  superior  ophthalmic  vein  communicates,  at  the  internal  angle  of  the  orbit. 
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with  the  angular  vein,  and  the  inferior  ophthalmic  vein  communicates  through  the 
spheno-maxillary  fissure  with  the  pterygoid  plexus. 

Veins  of  the  Nose. — The  veins  of  the  walls  of  the  nasal  cavity  end  partly  in 
the  ethmoidal  tributaries  of  the  superior  ophthalmic  vein,  partly  in  the  sepul 
affluent  of  the  superior  coronary  and  in  the  lateral  nasal  veins,  both  of  which  are 
tributaries  of  the  facial  vein ;  but  the  majority  of  the  veins  of  the  nose,  both  from 
the  septal  and  outer  walls,  join  together  to  form  a  spheno-palatine  vein  which 
passes  through  the  spheno-palatine  foramen  and  the  spheno-maxillary  fossa,  and 
terminates  in  the  pterygoid  plexus. 

Pterygoid  Plexus  and  the  Internal  Maxillary  Vein.— The  pterygoid  pkm 
(plexus  pterygoideus)  of  veins  lies  in  the  zygomatic  and  pterygoid  fossae.     It  coven 
the  inner  surface  of  the  internal  pterygoid  muscle,  and  surrounds  the  extem&I 
pterygoid.     It   receives    tributaries  which   correspond  with   and   accompany  the 
branches  of  the  internal  maxillary  artery — viz.  spheno-palatine,  pterygo-paktbe, 
vidian,  infra-orbital,  posterior  superior  dental,  posterior  palatine,  buccal,  two  or  three 
deep    temporal,  pterygoid,  masseteric,  and   inferior  dental  veins,  and   the  veria 
comites  of  tlie  middle  meningeal  artery.      It  communicates  superiorly  with  the 
cavernous  sinus  through  the  foramen  ovale,  anteriorly  with  the  inferior  ophthalmic 
vein  through   the  spheno-maxillary  fissure,  and   between  the  masseter  and  the 
buccinator  with  the  facial  vein  by  the  deep  facial  anastomosing  branch.     It  alw 
communicates  posteriorly  and  internally,  on  the  inner  side  of  the  internal  pterygoid, 
with  the  pharyngeal  plexus,  and  it  terminates  posteriorly  in  the  internal  maxillary 
vein. 

•  The  internal  maxillary  vein  is  a  short  vessel  which  accompanies  the  first  part  of 
the  internal  maxillary  artery,  between  the  spheno-mandibidar  ligament  and  the 
neck  of  the  lower  jaw ;  it  enters  the  parotid  gland,  and  terminates  by  uniting  ^ilh 
tlie  superficial  temporal  vein  to  form  the  temporo-maxillary  trunk.  Occasionally 
the  internal  maxilCiry  vein  is  double. 

The  temporo-maxillary  vein  (v.  facialis  posterior)  is  a  short  trunk  which  is 
formed  in  the  upper  part  of  the  parotid  gland,  behind  the  neck  of  the  jaw, 
by  the  union  of  the  superficial  temporal  and  internal  maxillary  veins.  As  it 
descends  it  lies  superficial  to  the  external  carotid  artery,  and  it  is  crossed  by  the 
cervico-  and  temporo-facial  branches  of  the  facial  nerve.  It  terminates  at  the 
lower  part  of  the  parotid  gland  by  dividing  into  posterior  and  anterior  divTsionSu 
The  posterior  division  passes  backwards,  perforates  the  deep  cervical  fascia,  and 
unites  on  the  upper  part  of  the  sterno-mastoid  muscle  with  the  posterior  auricular 
vein  to  form  the  external  jugular  vein.  The  anterior  division  passes  downwards 
and  forwards  into  the  carotid  triangle,  where  it  terminates  in  the  common  facial 
vein. 

VENOUS  SINUSES  AND  VEINS  OF  THE  CRANIUM  AND  OF  ITS 

CONTENTS. 

The  venous  channels  met  with  in  the  cranial  walls  and  cranial  oavity  are  :— 

(1)  The  diploic  veins  (vv.  diploicae),  which  lie  in  the  cancellous  tissue  between 
the  outer  and  inner  tables  of  the  cranial  bones. 

(2)  The  meningeal  veins,  which  accompany  the  meningeal  arteries  in  the  outer 
layer  of  the  dura  mater. 

(3)  The  veins  of  the  brain,  which  lie  between  the  folds  of  pia  mater  and  in  the 
subarachnoid  space. 

(4)  The  cranial  venous  sinuses,  channels  which  are  situated  between  the  outer 
and  inner  layers  of  the  dura  mater;  they  receive  the  blood  from  the  terminal 
cerebral  veins. 

Diploic  and  Meningeal  Veins. 

The  diploic  veins  (vv.  diploicss)  are  anastomosing  spaces  in  the  cancellous 
tissue  of  the  flat  bones  of  the  skull ;  they  are  lined  by  endothelium.  The  numte 
of  efferent  vessels  which  emerge  from  these  spaces  is  not  constant,  but  usually 
there  are  at  least  four — viz.  a  frontal,  two  temporal,  anterior  and  posterior,  and  an 
occipital. 
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The  frontal  diploic  vein  (v.  diploica  frontalis)  is  one  of  the  most  constant ;  it 
drains  the  anterior  part  of  the  frontal  bone,  and,  passing  through  a  small  aperture 
in  the  upper  margin  of  the  supraorbital  notch,  terminates  in  the  supraorbital  vein. 

The  anterior  temporal  diploic  vein  (v.  diploica  temporahs  anterior)  drains  the 
posterior  part  of  the  frontal  bone  and  the  anterior  part  of  the  parietal  bone ;  it 
pierces  the  great  wing  of  the  sphenoid,  and  terminates  either  in  the  spheno-parietal 
sinus  or  in  the  anterior  deep  temporal  vein. 

The  posterior  temporal  diploic  vein  (v.  diploica  temporalis  posterior)  drains  the 
posterior  part  of  the  parietal  bone;  it  runs  downwards  to  the  posterior  inferior 
angle  of  the  parietal  bone,  and  terminates  in  the  lateral  sinus,  to  which  it  passes 
either  through  a  foramen  in  the  inner  table  of  the  parietal  bone  or  through  the 
mastoid  foramen. 

The  occipital  diploic  vein  (v.  diploica  occipitalis)  is  usually  the  largest  of  the 
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Fig.  649. — ^The  Veins  ok  the  Diplok. 

series ;  it  drains  the  occipital  bone,  and  terminates  either  externally  in  the  occipital 
vein  or  internally  in  the  lateral  sinus. 

The  meningeal  veins  (v.  meningeae)  commence  in  two  capillary  plexuses,  a 
deep  and  a  superficial  The  deep  plexus  is  a  wide-meshed  network  in  the  inner 
layer  of  the  dura  mater.  Its  efferent  vessels  terminate  in  the  superficial  plexus. 
The  superficial  plexus  lies  in  the  outer  layer  of  the  dura  mater.  It  consists  of 
numerous  vessels  of  uniform  cahbre  which  frequently  anastomose  together,  and 
terminate  in  two  sets  of  efferents ;  of  these,  one  set  ends  in  the  cranial  blood  sinuses, 
and  the  other  accompanies  the  meningeal  arteries.  The  efferent  meningeal  veins 
are  pecuhar,  inasmuch  as  they  do  not  increase  in  size  as  they  approach  theii 
terminations,  and  they  are  irregular  in  their  relations  to  the  arteries ;  as  a  rule  the 
middle  meningeal  arteries  alone  possess  two  venje  comites,  the  other  meningeal 
arteries  usually  having  only  one  accompanying  vein. 

Veins  of  the  Brain. 

The  veins  of  the  brain  include  the  veins  of  the  cerebrum,  of  the  mid-brain,  of 
the  cerebellum,  of  the  pons,  and  of  tlie  medulla  oblongata.  They  do  not  possess 
valves. 

60 
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Veins  of  the  Cerebmm  (w.  cerebri}. — The  oerebial  Teins  are  amnged  in 

two  groups,  {a J  the  deep  and  (6)  the  sujierticiaL 

The  deep  veins  issue  from  the  substance  of  the  brain.  The  superficial  vena  lie 
\\Y)Vl  its  .surface  in  the  pia  mater  and  the  sul^rachnoid  space.  The  termiiul 
trunks  of  lx>th  sets  pierce  the  arachnoid  membrane  and  the  inner  layer  of  the  duri 
mater,  and  ujjen  into  the  cranial  venous  sinuses. 

(a)  The  deep  cerebral  veins  are  the  choroid  veins,  the  veins  of  the  corpora 
striata,  the  veins  of  Galen,  and  the  inferior  striate  veins. 

Each  choroid  vein  (v.  cliorioidea;  is  formeil  by  the  union  of  tributaries  whitL 
iasue  from  the  choroid  plexus  in  the  descending  horn  of  a  lateral  ventricle.  It 
ascends  along  the  lateral  l^order  of  the  velum  interpositum,  and  passes  forwazds  in 
the  oub.'r  liorder  of  that  fold  of  pia  mater  to  the  foramen  of  Monro,  where  it 
receives  efferents  from  the  choroid  plexus  of  the  tliird  ventricle,  and  ends  by  unit- 
ing with  the  vein  of  the  corpus  striatum  to  form  the  vein  of  Galen. 

The  vein  of  the  corpus  striatnm,  on  each  side,  is  formed  by  the  union  of  tri}>utarie» 
which  issue  from  the  coqms  striatum  and  from  the  optic  thalaniu.s.  It  runs  for- 
wards l»etwe<fn  these  IkkUcs,  in  a  groove  in  the  floor  of  the  lateral  ventricle,  and. 
after  receiving  tributaries  from  the  walls  of  the  anterior  horn  of  the  ventricle, 
including;  the  septum  lucidum,  it  terminates  at  the  apex  of  the  velum  interpositum. 
where  it  jr>ins  the  choroid  vein  to  form  the  vein  of  Galen. 

The  veins  of  Galen  are  three  in  numl^er — a  right  and  a  left  vein,  and  the  veni 
magna  Galeni. 

Eacli  lateral  vein  of  (lalen  commences  at  the  apex  of  the  velum  interp.«>itum. 
near  the  foraiuen  of  Monro,  by  the  union  of  the  vein  of  the  corpus  striatum  with 
the  choroid  vein.  The  two  veins  run  liackwards  I  between  the  layers  of  the  velum, 
and  terminate  l^neath  the  splenium  of  the  corpus  callosum  by  uniting  to  form  the 
vena  magna  (ialeni. 

Tlie  tributaries  which  enter  each  vein,  after  its  fonuation,  are  the  basilar  vein,  the 
efferent  veins  from  the  choroid  plexus  of  the  third  ventricle,  and  veins  from  the  posterior 
part  of  the  corpus  callosum,  tlie  pineal  body,  the  corpora  quadrigemina,  and  the  walls  of 
the  ix)steri(>r  cornu  of  the  lateral  ventricle. 

The  vena  magna  Galeni  (v.  cerebri  magna  [Galeni])  passes  backwards  and 
slightly  upwards  from  its  origin,  and  ends  in  the  anterior  extremity  of  the  straight 
sinus.  In  addition  to  the  two  veins  of  Galen,  by  the  union  of  which  it  is  formed, 
it  receives  tributaries  from  the  posterior  parts  of  the  callosal  convolutions,  from  the 
inner  and  tentorial  surfaces  of  the  occipital  lol)es  of  the  brain,  and  from  the  upper 
surface  of  the  cereliellum. 

An  inferior  striate  vein  descends  on  each  side  from  the  substance  of  the  corpus 
striatum,  and,  after  passing  through  the  anterior  perforated  space,  ends  in  the 
basilar  vein  (p.  883),  which,  as  already  stated,  is  a  tributary  of  the  corresponding 
lattjral  vein  of  Galen. 

(6)  The  superficial  cerebral  veins  are  more  numerous  and  of  larger  calibre 
than  the  cerebral  arteries.  They  lie  upon  the  surface  of  the  cerebrum,  they  drain 
blood  from  the  cerebral  cortex,  and  they  are  divisible  into  two  sets,  the  superior 
and  the  inferior. 

The  superior  cerebral  veins  (vv.  cerebri  superiores),  twelve  or  more  in  nmuber, 
lie  in  the  pia  mater  and  subarachnoid  space  on  the  upper  and  outer  aspect  of  the 
cerebral  hemispheres.  They  run  inwards  to  the  margin  of  the  longitudinal  fissure, 
where  they  re(;eive  tributaries  from  the  inner  surface  of  the  hemispheres,  and  they 
terminate  in  the  8ui)erior  longitudinal  sinus.  The  anterior  veins  of  this  set  an* 
small  and  run  transversely  inwards,  liut  the  posterior  are  large  and  run  obliquely 
forwards  and  inwards ;  they  are  embedded  for  some  distance  in  the  wall  of  the  sinus, 
and  their  orifices  are  directed  forwards  against  the  Idood  stream. 

The  inferior  cerebral  veins  (vv.  cerebri  inferiores)  lie  on  the  lower  and  outer 
aH])ects  of  the  cerebral  hemispheres  ;  they  run  downwards  and  inwards,  and  terminate 
in  the  sinuses  which  lie  at  the  base  of  the  skull — viz.  the  cavernous,  the  superior 
]>etrosal,  and  the  lateral  sinuses.  One  of  these  veins,  the  superficial  Bylviaa  mi» 
runs  along  the  posterior  horizontal  limb  and  stem  of  the  fissure  of  Sylvius  to  the 
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vernous  sinus ;  occasionally  it  is  united  by  an  anastomotic  loop,  known  a«  the 
eat  anastomotic  vein  of  Trolard,  with  the  superior  longitudinal  sinus,  and  some- 
mes  by  the  posterior  anastomotic  vein  with  the  lateral  sinus. 

The  anterior  cerebral  vein  of  each  side  lies  in  the  great  longitudinal  fissure,  and 
companies  the  corresponding  anterior  cerebral  artery ;  it  receives  tributaries  from 
le  corpus  callosum  and  the  callosal  convolution.  Turning  downwards  round  the 
mu  of  the  corpus  callosum,  it  reaches  the  base  of  the  brain,  and  terminates  in  the 
isilar  vein. 

The  deep  Sylvian  vein  lies  deeply  in  the  fissure  of  Sylvius ;  it  anastomoses  freely 
ith  the  superHcial  Sylvian  vein,  receives  tributaries  from  the  island  of  Reil  and 
16  adjacent  opercula,  and  terminates  in  the  basilar  vein. 

The  basilar  vein  commences  at  the  anterior  perforated  space ;  it  is  formed  by  the 
nion  of  the  anterior  cerebral  vein  with  the  deep  Sylvian  vein  and  with  the  inferior 
iriate  vein.  Passing  backwards  round  the  crus  cerebri,  it  terminates  in  a  vein 
f  Galen.  Its  tributaries  are  derived  from  the  tuber  cinereum,  the  corpus  albicans, 
16  posterior  perforated  space,  the  uncinate  gyrus,  the  inferior  cornu  of  the  latt'ral 
3ntricle,  and  the  crus  cerebri. 

Veins  of  the  Blid-brain. — The  veins  of  the  mid-brain  terminate  for  the  most 
art  in  the  veins  of  Galen. 

Cerebellar  Veins. — These  veins  also  are  divisible  into  two  groups,  the  super- 
cial  and  the  deep.  The  former  are  quite  independent  of  and  much  more 
umerous  than  the  arteries.     They  form  two  sets,  the  superior  and  the  inferior. 

The  superior  superficial  cerebellar  veins  (vv.  cerebelli  superiores)  termiuate  in  a 
ingle  median  or  vermian  efferent  vessel  which  is  sometimes  double,  and  in  several 
iteral  efferents.  The  superior  vermian  vein  runs  forwards  and  ends  in  the  vena 
lagna  Galeni,  and  the  lateral  superior  cerebellar  veins  terminate  in  the  lateral 
Inuses  or  in  the  superior  petrosal  sinuses. 

The  inferior  superficial  cerebellar  veins  (vv.  cerebelli  inferiores)  also  form  a 
Daall  vermian  and  numerous  lateral  efferents;  the  former  runs  backwards  and 
)ma  either  the  straight  sinus  or  one  of  the  lateral  sinuses,  and  the  latter  eud  in 
he  inferior  petrosal  and  occipital  sinuses. 

The  deep  cerebellar  veins  issue  from  the  substance  of  the  cerebellum  and 
erminate  in  the  superficial  veins. 

Veins  of  the  Pons  Varolii. — The  deep  veins  from  the  substance  of  the  pons  pass 
orwards  to  its  anterior  surface,  where  they  become  superficial,  and,  anastomosing 
ogether,  form  a  plexus  which  is  drained  by  superior  and  inferior  efferent  veins. 
The  superior  efferent  veins  join  the  basilar  vein  ;  the  inferior  efferent  veins  either 
inite  with  the  cerebellar  veins,  or  they  open  into  the  superior  petrosal  sinus. 

Veins  of  the  Medulla  Oblongata. — Deep  veins  of  the  bulb  issue  from  its  sub- 
tance  and  end  in  a  superficial  plexus.  This  plexus  is  drained  by  an  anterior  and 
I  posterior  median  vein  and  by  radicular  veins. 

The  anterior  median  vein  is  continuous  below  with  the  corresponding  vein  of  the 
pinal  cord ;  it  communicates  above  with  the  plexus  on  the  surface  of  the  pons. 

The  posterior  median  vein  is  continuous  below  with  the  posterior  median  vein 
f  the  cord,  from  which  it  ascends  to  the  lower  end  of  the  fourth  ventricle,  where 
,  divides  into  two  branches  which  join  the  inferior  petrosal  or  basilar  sinuses. 

The  radicular  veins  issue  from  the  lateral  parts  of  the  plexus  and  run  with  the 
X)ts  of  the  last  four  cranial  nerves ;  they  end  in  the  inferior  petrosal  and  occipital 
nuses. 

Blood  Sinuses  of  the  Cranium. 

The  venous  sinuses  of  the  cranium  are  spaces  between  the  layers  of  the  dura  mater; 
hey  are  lined  by  an  endothelium  which  is  continuous  with  the  endothelium  of  the 
eins.  They  receive  the  veins  of  the  brain,  communicate  frequently  with  the 
aeningeal  veins  and  with  veins  external  to  the  cranium,  and  terminate  directly  or 
[idirectly  in  the  internal  jugular  vein.  Some  of  the  cranial  blood  sinuses  are 
inpaired,  others  are  paired. 

Unpaired  Sinuses. — These  are  the  superior  longitudinal,  the  inferior  longi- 
udinal,  the  straight,  the  circular,  and  the  basilar. 
60  a 
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Tilt'  superior  longitudinal  sinus  (siiiu-s  sagittalis  suijcrior)  ciiuimenees  in  ilr 
anterior  fossii  of  the  criiiiiuiu,  at  the  crista  galli,  where  it  coiuniunicaies  thruiiL'h 
the  foramen  caecum  witli  tlie  voins  of  the  nasal  cavity  or  with  the  angular  vt-ii. 
It  passes  u]nvanls,  then  backwards,  and  linally  downwards  in  the  convex  niaririii"! 
the  falx  cereliri,  grooving  the  frontal,  parietal,  and  npinir  part  of  the  wci}«iul 
V)ones.  As  it  descends  it  jiasses  slightly  to  the  right  side,  and  it  ends  at  tlie  li.vel 
of  the  internal  <K.'cipital  jjrotuberance  by  becoming  the  right  lateral  sinus.     In?t»v^ 
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the  interual  jugular  vein. 

i)\'  passing  to  the  right,  it  occasionally  turns  to  the  left,  and  eniLs  in  the  left  lalenl 
sinus.  In  either  case  its  tfrmination  is  asscxiiated  with  a  well-marked  dilatation,  ih^ 
(tnrular  Ifuvifh  U i,  \\h'n:.h  marks  a  continence  of  sin use.^,  and  whicii  is  lodged  in  n 
depression  at  one  side  of  the  internal  occipit4ilprotul»erance.  The  toR-ular  isconurcteii 
across  the  ]»r(»luberance,  by  an  anastomosing  channel  with  a  similar  dilatation,  wliiih 
marks  the  junction  of  tht^  straight  sinus  with  the  lateral  sinus  of  the  opi^osilt-  m«1''. 
0])oning  into  tlie  superior  longitudinal  sinus  are  the  sujierior  cerebral  veins,  ami 
it  comnumicates  on  each  side  by  small  oj.enings  with  a  series  of  spaces  in  the  dura 
mater,  the  lacunae  laterales,  into  which  the  racchioniau  bodies  (arachnoidal  villi, 
projtx-t.  It  also  communicates,  l)y  emissary  vtjins  which  jiass  through  the  fowuifU 
Ciccum  and  through  each  parietal  foramen  (emissarium  parietale),  with  the  veiu? 
on  the  exterior  uf  the  cranium.  Its  cavity,  which  is  triangular  in  transverse  sectiuD. 
is  crosse<l  by  several  fibrous  strands  called  the  chordae  WillislL 

'J1ie  inferior  longitudinal  sinus  (sinus  sagittalis  inferior)  lies  iu  the  posterior 
two-thirds  of  the  lower  iree  nuirgin  of  the  falx  cerebri.     It  teruiiuates  posteriorly 


>y  joining  with  the  vena  magna  Gakai  to  form  the  straight  aiuus.  It  is  circular 
tk  tmnsverpie  section,  and  it  receivt^s  trihutaries  from  the  falx  cerebri  and  from  the 
nner  j^urface  of  tlie  middle  third  of  eaefi  ceretvral  hemisphere, 

Tiic*  circular  sinus  (Biinis  circularis)  is  sitiiaU^d  in  the  piLiiitar}"  fossa,  and  6ur- 
houndB  the  pituiUuT  l^ody.  It  i^  nsnally  formed  hy  aiitc*rior  (Binus  intercavernosns 
interior)  and  pcmterior  (sinus  intercavernosns  poBterior)  transverse  channels  which 
^asa  across  the  pituitary  fossa  frtim  one  cavernous  sinus  to  the  other. 
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The  basilar  sinus  (plexus  basilaris).— The  term  hasilar  sinus  is  applied  to  w 
venous  plexus  situated  in  the  dura  mat*^r  on  the  l>a8ilar  ^>art  of  the  ortdpital  l»one. 
It  con  nee  ts  the  posterior  ends  of  the  cavernous  or  the  anterior  ends  ui'  the  inferior 
petrosal  mnuses  together,  and  commuuicates  helow  with  the  anterior  spintd  vehis. 

The  straight  sinua  i  Minus  rectiia)  ia  fonned  hy  tfie  union  of  tlie  inferior  longi- 
tutlinal  snms  with  tlie  great  vein  of  Galen.  It  rnnn  downwardn  and  hackwai  tis, 
alon^  thp  line  of  attachtueni  of  the  falx  cerehri  to  the  tentorium  cerelielll  Aa  a 
gen*:*nU  rulti  it  turns  to  the  left  at  the  internal  occipital  protuberance,  dilates  some- 
what, and  lieeomes  eontinuons  with  the  left  lateral  sinus,  its  dilatation  Ijela^  v\^v^4 
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with  the  corresponding  dilatation  on  the  lower  end  of  the  superior  longituiiiD&l 
sinu.s — the  torciilar  Herophili — by  a  transverse  anastomosing  channel  Oocaa(*ii- 
ally  the  straij^^ht  sinus  terminates  in  the  right  lateral  sinus,  and  in  that  case  the 
superior  longitudinal  sinus  ends  in  tlie  left  lateral  sinus.  It  receives  some  of  ibt 
8ui>erior  cerelK'llar  veins  and  a  few  tril>utaries  from  tlie  f<ilx  cerehri. 

Paired  Sinuses. — There  are  six  pairs  of  sinuses,  viz.  the  lateral,  the  occijital. 
tlie  cavernous,  the  superior  petrosal,  tlu^  inferior  |>etrosiiI,  and  the  sphenoparietal 

Lateral  Sinuses. — Each  lateral  sinus  (sinus  transversus)  e<;»inniences  at  ili^ 
intifrual  occipital  protuberance,  the  right  usually  as  the  continuation  of  the  su[rr;')r 
longitudinal,  and  the  left  as  the  continuation  of  the  straight  ^inus.  Eacli  jaN^ 
outwarils  in  the  outer  border  of  the  tentorium  cerebelli  and  in  a  gr.iovr  in  ihe 
(xjcipital  ]nme.  From  the  lateral  angle  of  the  occipital  bone  it  i;>asses  un  t«.>  :h*r 
posU'rior  inft*rior  angle  of  the  parietal  bone,  which  it  grooves ;  tlien  it  le;i\  e*  th- 
tentorium  and  turns  downwards  on  the  inner  surface  of  the  mastoid  portion  *A  :hr 
temporal  bone  ;  from  the  latter  it  passes  to  the  upper  surface  of  the  Jugular  pr«i«.r.-^ 
of  the  <Kci))ital  bone,  and  turns  forwards  and  tlien  downwards  into  the  uignU: 
foramen,  where  it  becomes  continuous  with  the  internal  jugular  vein. 

Its  tributaries  are  some  of  the  superior  and  inferior  cerebellar  veins,  a  ].io>i»Tior 
diploic  vein,  and  the  su])erior  petrosal  sinus.  It  is  connected  with  the  veins  «»u:- 
side  thi^  cranium  by  emissary  veins  which  pass  through  the  mastoid  and  iK»steri«'r 
condylar  foramina. 

The  occipital  sinuses  (sinus  occipitalis)  lie  in  the  attached  border  of  the  falx 
cerebelli  an<l  in  the  dura  mater  along  the  postero-lateral  boundaries  of  the  fijrauien 
magnum  :  frequently  they  unite  above  and  open  l)y  a  single  channel  into  tlie  coiu- 
mencement  of  either  the  right  or  the  left  lateral  sinus,  but  their  upper  extremities 
may  remain  separate,  and  then  ejich  communicates  with  the  commencement  of  the 
lateral  sinus  of  its  own  side.  They  open  below  into  the  terminal  part  of  the  com*- 
sponding  lateral  sinuses,  and  they  communicate  with  the  posterior  spinal  veins.  Each 
occipital  sinus  is  an  anastomosing  channel  l»etweeu  the  upi)er  and  lower  extremiiits 
of  the  lateral  sinus  of  tlui  same  side,  and  each  receives  a  few  inferior  cerel>ellar  veinsi 

Tlie  cavernous  sinuses  lie  at  the  sides  of  the  body  of  the  sphenoid  h>one.  E:*ch 
sinus  (sinus  cavernosus)  commences  anteriorly  at  the  inner  end  of  the  spheuoiiLi! 
fissure,  where  it  receives  the  corresponding  ophthalmic  vein,  and  it  terminates  ai 
tin;  apex  ot  the  petrous  ])ortion  of  the  temporal  bone  by  dividing  into  the  su^^eri'-r 
and  the  inferior  petrosal  sinuses.  Its  cavity,  which  is  irregular  i!i  size  and  shaj*. 
is  so  dividtid  by  numerous  fibrous  strands  that  it  assumes  the  appearance  of 
cavernous  tissue,  and  in  its  outer  wall  are  embedded  the  internal  can>tid  art^n* 
with  its  sympathetic  plexuses,  the  third,  fourth,  first,  and  second  divisions  of  the 
tiftli,  and  the  sixth  cranial  nerves.  Its  tributaries  are  the  spheno-parietal  sinus 
and  the  inferior  cerebral  veins,  including  the  superficial  Sylvian  vein.  It  com- 
municates with  the  opposite  cavernous  sinus  by  means  of  the  circular  sinus:  with 
the  pterygoid  plexus  in  the  zygomatic  fossa  by  an  emissary  vein  which  passes  cither 
through  the  foramen  ovale  or  through  the  foramen  Vesahi ;  with  the  internal  jugular 
vein  by  small  venous  channels  which  accompany  the  internal  carotid  artery  through 
the  carotid  canal,  and  by  the  inferior  petrosal  sinus;  with  the  lateral  sinus  by  the 
superior  petrosjil  sinus,  and  through  the  ophthalmic  vein  with  the  angular  vein. 

The  spheno- parietal  sinuses  (s.  Hpheno-|)arietales)  are  lodged  in  the  dura  mater 
on  the  under  surfaces  of  the  small  w  ings  of  the  sphenoid  bone  close  to  their  posterior 
borders.  Each  sinus  communicates  with  the  middle  meningeal  veins,  receives  veiiw 
from  the  dura  mater,  and  tenninates  in  the  anterior  jmrt  of  the  corresponding 
cavt'iiKKis  sinus. 

Superior  Petrosal  Sinuses. — Each  sujKjrior  petrosal  sinus  (s.  petrosus  superior) 
(jommences  at  the  apex  of  the  i>etrous  portion  of  the  temporal  1x)ne  in  the  posterior 
end  of  the  corresponding  CAvernous  sinus.  It  runs  backwards  and  outwards  in  the 
attached  margin  of  the  tentorium  c»*rebelli,  above  the  lifth  cranial  nerve,  and  groovea 
the  u])]vr  border  of  the  jietrous  portion  of  the  temporal  bone,  at  the  outer  extremity 
of  which  it  terminatiis  in  the  lateral  sinus  at  the  point  where  the  latter  is  turning 
downwards  on  tlie  innt»r  surface  of  the  mastoid  iK)rtion  of  the  temporal  bona  U 
receives  inferior  cerebral,  superior  cerelnjllar,  tympanic,  and  diploic  veins. 
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Inferior  Petrosal  Sinusea — An  inferior  petrosal  sinus  (s.  petrosus  inferior) 
commences  at  the  posterior  end  of  each  cavernous  sinus ;  it  runs  backwards,  out- 
wards, and  downwards  in  the  posterior  fossa  of  the  cranium,  in  a  groove  along  the 
lower  margin  of  the  petrous  portion  of  the  temporal  bone  and  the  adjacent  border 
of  the  baalar  portion  of  the  occipital  bone,  to  the  anterior  compartment  of  the 
jugular  foramen  of  the  same  side,  through  which  it  passes.  It  crosses  the  last  four 
cranial  nerves  either  externally  or  internally,  and  it  terminates  in  the  internal 
jugular  vein.  Its  tributaries  include  inferior  cerebellar  veins  and  veins  from  the 
internal  ear,  which  pass  to  it  through  the  internal  auditory  meatus,  the  aqueductus 
cochlea,  and  the  aqueductus  vestibuli. 

The  Spinal  Veins. 
The  spinal  veins  include — 

(1)  The  extra-spinal  veins. 

(a)  The  anterior  spinal  plexus. 

(b)  „    posterior  „ 

(2)  The  veins  of  the  bodies  of  the  vertebrse. 

(3)  The  intrarspinal  veins. 

(a)  The  anterior  longitudinal  veins. 
(6)     „    posterior  „  „ 

(4)  The  veins  of  the  spinal  cord. 

The  anterior  spinal  plexus  lies  in  front  of  the  bodies  of  the  vertebree.  It  consists  of  a 
number  of  relatively  small  anastomosing  channels,  which  communicate  with  the  veins  of 
the  bodies  of  the  vertebra},  and  which  receive  tributaries  from  the  adjacent  muscles  and 
ligaments.  Its  efferent  vessels  terminate  in  the  cervical  region  in  the  anterior  deep 
cervical  vein,  in  the  dorsal  region  in  intercostal  veins,  in  the  lumbar  region  in  the  lumbar 
veins,  and  in  the  sacral  region  in  the  lateral  sacral  veins. 

The  posterior  spinal  plexus  consists  of  numerous  anastomosing  venous  channels  which 
lie  on  the  laminee  and  round  the  spines  and  the  articular  and  transverse  processes  of  the 
vertebnc.  The  plexus  receives  tributaries  from  the  muscles  and  skin  of  the  back,  and 
communicates,  through  the  ligamenta  subflava,  with  the  posterior  longitudinal  spinal 
veins  in  the  interior  of  the  spinal  canal.  Its  efferent  vessels  pass  between  the  transvei-se 
processes  of  the  vertebra?,  or  through  the  sacral  foramina,  and  terminate  in  the  vertebral, 
the  intercostal,  the  lumbar,  and  the  lateral  sacral  veins  respectively. 

Veins  of  the  Bodies  of  the  Vertebrae. — The  cancellous  tissue  of  the  bodies  of  the 
vertebrae  is  permeated  by  large  venous  channels  which  communicate  anteriorly  with  the 
anterior  spinal  plexus.  These  channels  terminate  posteriorly  in  the  vmce  basis  vertebree, 
which  open  into  transverse  anastomosing  vessels  which  connect  the  anterior  longitudinal 
spinal  veins. 

Anterior  Longitudinal  Spinal  Veins. — Two  anterior  longitudinal  spinal  veins  collect 
blood  from  the  bodies  of  the  vertebrae,  from  the  adjacent  ligaments,  and  from  the  spinal 
dura  mater.  They  are  plexiform  vessels  which  extend  from  the  foramen  magnum  to  the 
coccyx,  behind  the  bodies  of  the  vertebrae  and  along  the  margins  of  the  posterior  common 
ligament,  and  they  are  connected  together,  opposite  each  vertebral  body,  by  transverse 
anastomoses  which  lie  between  the  posterior  common  ligament  and  the  bodies  of  the 
vertebrae  ;  these  transverse  anastomoses  are  greatly  dilated  oi)positc  the  centres  of  the 
bodies  where  they  receive  the  venae  basis  vertebrae.  Each  anterior  longitudinal  spinal 
vein  commimicatcs  round  the  margin  of  the  canal  with  the  corresponding  posterior  vein, 
and  it  gives  off  efferent  vessels  which  pass  through  the  intervertebral  foramina  to 
terminate,  according  to  the  region  in  which  they  are  placed,  in  the  vertebral,  intercostal, 
lumbar,  or  lateral  sacral  veins. 

Superiorly  the  anterior  longitudinal  spinal  veins  give  off  large  offsets,  above  the  arch 
of  the  atlas,  which  form  the  commencement  of  the  vertebral  veins ;  through  the  foramen 
magnum  they  communicate  with  the  basilar  and  with  the  occipital  sinuses. 

The  posterior  longitudinal  spinal  veins  arc  placed,  one  on  each  side,  between  the  dura 
mater  anteriorly  and  the  laminae  and  ligamenta  subflava  posteriorly.  They  are  plexiform 
vessels  which  extend  along  the  whole  length  of  the  spinal  canal.  They  receive  tributaries 
from  the  laminae,  ligaments,  and  spinal  membranes,  and  from  a  post-spinal  plexus  of  veins 
which  lies  between  the  lamina;  of  the  vertebra?  and  the  deep  muscles  of  the  back  ;  they 
anastomose  with  each  other  by  transverse  channels  which  pass  across  the  laminae,  with 
the  posterior  spinal  plexus  by  vessels  which  pierce  the  ligamenta  subflava,  and  wit\v  tV^i 
60  6 
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anterior  longitudinal  veins  round  the  margins  of  the  canal.     Their  elTerent  veaaela  um"*e 
with  those  of  the  anterior  longitudinal  veins,  and  terminate  with  them. 

By  means  of  the  longitudinal  spinal  veins  and  the  anastomoses  betweeu  them,  a 
venous  ring  is  formed  within  the  spinal  canal  opposite  each  vertebra.  Comtuencing  in 
front,  opix)site  the  body  of  the  vertebra,  where  it  receives  the  vena  basis  vertebra,  it  puee^ 
outwards  to  the  anterior  longitudinal  spinal  vein,  turns  backwards  along  the  inner  siiie 
of  the  pedicle  and  the  inner  surface  of  the  lamina  to  the  posterior  longitudiual  vein,  aii«l 
is  completed  by  the  anastomoses  between  the  posterior  longitudinal  veius.  This  tiu-z 
communicates  through  the  ligamenta  subflava  with  the  posterior  spinal  plexus,  an-i 
through  the  intervertebral  foramina  with  the  vertebral,  with  the  dorsal  tributaries  of  the 
intercostal  or  lumbar  veins,  or  with  the  lateral  sacral  veins,  according  to  the  region  in 
which  it  lies. 

Superiorly  the  posterior  longitudinal  spinal  veins  communicate  with  the  occipital 
sinuses,  and  as  tliese  also  communicate  with  the  anterior  spinal  veins,  and  the  latter  with 
the  basilar  sinus,  a  venous  ring  is  completed  round  the  foramen  magnum. 

Veins  of  the  Spinal  Cord. — The  veins  of  the  spinal  cord  issue  from  the 
substance  of  the  cord,  and  tenninate  in  a  plexus  in  the  pia  mater.  In  this  plexu? 
there  are  six  longitudinal  channels — one  antero-mediany  along  the  anterior  tissure, 
two  anterO'lateral,  immediately  behind  the  anterior  nerve  roots,  two  ^ixtsUro-laUml 
immediately  behind  the  posterior  nerve  roots,  and  one  posttro-medmn,  over  the 
posterior  septum.  liadicular  efferent  vessels  issue  from  the  plexus,  and  pass  aloiiu' 
the  nerve  roots  to  communicate  with  the  efferent  vessels  from  the  anterior  ami 
posterior  longitudinal  spinal  veins,  and  to  terminate  in  them.  The  veins  of  llie 
spinal  cord  vary  very  much  in  size,  but  they  are  largest  on  the  lower  and  oq  the 
posterior  portions  of  the  cord. 

The  postero-median  and  antero-median  veins  are  continued  above  into  tlie 
corresponding  veins  of  the  medulla  oblongata. 

The  antero-lateral  and  pastero-lateral  veins  pour  their  blood  partly  into  tlie 
median  veins  and  partly  into  the  radicular  veins ;  indeed,  the  greater  jiart  of  llie 
blood  from  the  spinal  cord  is  returned  by  the  latter  veins. 

THE  VEINS  OF  THE  UPPER  EXTREMITY. 

The  veins  of  each  upper  extremity  are  divisible  into  two  sets — viz.  saperfleiil 
and  deep.  Both  sets  open  eventually  into  a  common  terminal  trunk  which  i* 
known  as  the  axillary  vein.  This  vein  is  therefore  the  chief  efferent  stem  of  the 
upi^er  extremity.  It  is  continued  as  the  subclavian  vein  to  the  innominate  vein, 
fmd  its  blood,  together  witli  that  of  the  corresponding  side  of  the  head  and  neck, 
reaches  the  supt»rior  vena  cava. 

The  Deep  Veins  of  the  Upper  Extremity. 

The  deep  veins,  with  the  exception  of  the  axillary  vein,  are  arranged  in  pairs 
which  accompany  the  different  arteries  and  are  similarly  named.  So  far  as  these 
veins  (venae  comites)  are  concerned  it  will  be  sufficient  to  state  that  they  are  pro- 
vided with  valves,  that  they  are  situated  one  on  either  side  of  the  artery  witli 
which  they  are  associated,  and  that  they  are  usually  united  together  by  numerous 
transverse  anastomoses  which  cross  in  front  of  or  behind  the  artery.  The  axillary 
vein,  however,  requires  more  detailed  consideration. 

The  Axillary  Vein. 

The  axillary  vein  (v.  axillaris.  Fig.  629)  commences  as  the  direct  continuation 
of  the  basilic  vein,  opposite  the  lower  border  of  the  teres  major.  It  passes  upwards 
and  inwards  through  the  axilla,  along  the  inner  side  of  the  oorresponding  artery, 
and  terminates  at  the  outer  }x)rder  of  the  first  rib  by  becoming  the  Bubclavian 
vein.  It  possesses  a  bicuspid  valve  whicii  is  usually  situated  opposite  the  lower 
border  of  the  subscapularis  muscle. 

Relations. — Its  anterior  relations  are  similar  to  those  of  the  axillary  artery,  but,  in 
addition,  the  vein  is  crossed  in  front,  under  cover  of  the  clavicular  part  of  the  pectonlis 
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inttjor,  bj  the  pectoral  bmnclies  of  tlie  acromlO'thomcie  artery,  and  by  brunches  of  the 
internal  anterior  thiimcic  ner\'e,  and  it  receives  in  frontj  just  above  tbe  upper  border  of 
the  pectoralis  minor»  the  tiu'm illation  of  the  ceplialic  yeiii. 

Bt^biud  it  are  the  masclei^  wliich  form  the  posterior  wall  of  the  axilla,  the  axilkry  fat, 
and  the  hrst  mr- 
ration  of  the  serra- 
ttis  magnus.  The 
loDL*  thoracic  nerve 
intervenes  be- 
tween it  and  the 
aerratus  tnagnui^ 
and  the  aubseapu- 
lur  nerves  and  the 
ittbscapnlar  artery 
pass  between  it  and 
the  subiseapulan^* 
It  u  se|wj,nitcd 
from  the  axillary 
jirti-ry  on  the  outer 
skle,  iti  the  lower 
part  of  its  extent 
l>v  the  nlnar  and 
inxernal  cntaneoiis 
nervesj  in  the 
niidcjleof  it«eomi?e 
bv  the  inner  eorcl 
of  the  brachial 
plexites  and  in  the 
upper  jmrt  of  tbo 
axillai  behind  the 
CQSto  -  coraeoid 
metnbFaue,  by  the 
liitenial  anterior 
thoracic  nerve*  To 
tt«  inner  side  lie 
the   outer   net    of 

lillary  inlands, 

nd   in  the  lower 

pirt  of  tlie  axilJJi 

tlie  lesser  intenml 

ciitane<:ins  nerve. 

Tributaries. 

— Ill    addition    to 

trihutHries    corre- 

npoiidtTig  with  Utc 

branchea    of    the 

aiullary  artery,  it 

receives  the  venie  comites  of  the  brachial  artery,  at  the  lower  border  of  the  snbscapnlaris, 

and  tbe  cephalic  vein,  which  joins  it  at  the  upper  border  of  the  amall  pectoral  mnaele. 

The  Supeefigial  Veins 

The  superficial  veins  of  the  upper  extreciity  commence  iu  the  superficial  iascia 
of  the  palm  und  dorsum  of  tbt^  huml  and  of  the  bugera. 

The  superficial  veins  of  tiie  palmar  aspectn  of  the  fingers  terminate  for  the  most 
juiTt  iu  dorsal  digital  veiEs,  which  run  along  the  dorses  lateral  borders  of  the  digits; 
some,  however,  paaa  upwards  into  the  palm  and  joiii  the  superficial  palniar  veins, 
which,  ill  comparison  wit!i  the  superficial  dorstil  veins,  are  relatively  few  and  sumll 
The  suj^jerficial  veina  of  the  fwilni  anastomose  together,  forming  a  more  or  less 
|iolygnnal  plexus  from  which  some  efferent  vesisels  pass  laterally  round  the  borders 
of  the  palm  to  the  dorsixl  plexus  of  the  band,  whilst  others  ascend  towards  the 
wrist*  where  they  end  either  in  the  median  or  tlic  anterior  ulnar  Buperficial  veinn 
of  the  forearm. 
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The  superlieial  veiuH  on  the  dorsal  aspect  of  each  digit  form  two  longitudinal 
vossels,  the  dorsal  digital  veins  (vv.  digitales  dorsiilcs  i)r()i>riaB),  whicli  ascend  alon:: 
th«*  ilorso-l;iteral  honUTs  of  tlie  digit.     They  receive  tributaries  from  the  }ialma; 

aspect  of  the  digit,  from  the  pulp  of  the  lip 
I'rom  the  subungual  tissues,  and  from  tht: 
sui>erlicial  tissues  of  the  dorsum.  The 
dorsal  tligital  veins,  which  run  along  tk 
adjacent  borders  of  the  st'cimd,  third,  and 
fourth  intc^rdigital  clefts,  unite,  at  the 
apices  of  the  clefts,  to  form  three  doml 
interosseous  or  interdigital  veins  (vv.  nifta- 
carpa^  dorsales),  which  terminate  on  the 
dorsum  of  the  hand  in  a  dorsal  vtntms 
arch  or  dorsal  venous  plexus ;  the  ruiial 
or  outer  vein  of  the  index-tinger  end^  in 
the  same  arch. 

The  dorsal  venous  arch  of  the  hand 
receives  not  only  the  dorsiil  interosseous  or 
interdigital  veins,  and  tlie  radial  digital 
vein  of  the  index-finger,  but  also  numerous 
tributaries  from  the  superficial  tissues  of 
the  dorsum  of  the  liand,  which  auastomoee 
frequently  together  and  form  a  plexiforui 
network.  Tlie  arch  lies  opposite  the  lower 
l^xirts  of  the  shafts  of  the  four  inner  mela- 
CJir^ial  )x)ne8,  and  terminates  at  its  radial 
end  in  the  superficial  radial  vein,  and  at 
its  ulnar  end  in  tlie  i)Osterior  or  dorsal 
ulnar  vein  ;  the  dorsal  digital  veins  of  the 
tluimb  open  into  the  superficial  radial  veiD^ 
and  tlie  iimennost  or  uluar  digital  vein  '^t 
the  little  finger  ends  in  the  posterior 
supi^rficial  ulnar  vein. 

Superficial  Veins  of  the  Foreann— 
Then)  are  four  main  superficial  venoui 
trunks  in  the  forearm  —viz.  the  metlian, 
the  radial,  and  the  anterior  and  posterior 
ulnar  veins. 

The  median  vein  (v.  mediana  cubiti. 
comiuences,  as  a  rule,  on  the  dorsal  aspect 
of  tlie  base  of  tlie  thumb  by  the  union  oi 
a  number  of  elTerents  from  the  dorsal 
plexus;  it  turns  round  tiie  railial  border 
of  the  forearm,  receives  numerous  tri- 
butaries from  the  radial  and  median 
])orti()ns  of  the  palm,  and  tiscttnds  to  the 
ndddle  of  the  bend  of  the  ellx)w,  wherv 
it  is  joined  by  the  deep  mnfian  rein,  a 
large  anastomosing  channel  which  connect:^ 
it  with  the  d^'ep  veins,  and  immediately 
afterwards  terminates  by  dividing  intt> 
median  cephalic  and  median  \msil\c 
branches. 

The  median  cephalio  (v.  mediana 
cephalica),  or  outer  branch  of  the  median 
vein,  runs  upwards  and  outwards  in  the  groove  l)etween  the  biceps  and  the 
supinator  longus  muscles.  It  crosses  the  museulo-cutaneous  nerve  superficially, 
and  terminates,  a  short  distance  above  the  external  condyle,  by  uniting  with  the 
radin]  vein  lo  f(»rm  the  cephalic  vein. 


M»'"li.iii  Ita-silir  vein 

I)>*<-I»  iiii.'<liaii  v-it] 
riisi»ri«n'  Miliar  vnin 


Atiliijiir  ulti.ir  vi- 
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The  median  basilic  vein  (v.  mediana  basilica)  is  the  inner  branch  of  the 
ledian  vein.  Eunning  more  transversely  than  the  median  cephalic  vein,  it  passes 
pwards  and  inwards  along  the  groove  between  the  biceps  and  the  pronator  radii  teres. 
t  is  crossed  superficially  by  the  anterior  terminal  branch  of  the  internal  cutaneous 
erve ;  it  lies  upon  the  bicipital  fascia,  which  separates  it  from  the  brachial  artery, 
nd  it  terminates  by  uniting  with  the  anterior  and  posterior  ulnar  veins  to  form 
he  basiUc  vein. 

The  radial  vein  (v.  radialis)  commences  in  the  dorsal  venous  plexus  of  the 
land,  and,  after  receiving  some  of  the  dorsal  digital  veins  of  the  thumb,  runs  up 
he  radial  border  of  the  forearm  in  relation  with  the  anterior  division  of  the  musculo- 
utaneous  nerve.  It  receives  tributaries  from  the  subcutaneous  tissue  through 
rhich  it  passes,  and 
erminates  at  the  outer 
ide  of  the  bend  of  the 
Ibow  by  uniting  with 
he  median  cephalic 
•ranch  of  the  median 
ein  to  form  thecephahc 
ein.  It  contains  several 
alves. 

The  anterior  and 
osterior  ulnar  veins 
\rv,  ulnares)  vary  con- 
iderably  in  si^e,  but  as 
rule  the  posterior  is 
16  larger.  Both  are 
rovided  with  valves. 

The  anterior  ulnar  cutaneous  nerv 
ein  commences  at  the 
ase  of  the  little  finger, 
y  the  union  of  tribu- 
iries  from  the  ulnar 
art  of  the  dorsal  venous 
lexus  and  from  the 
Inar  side  of  the  palm ; 
t  ascends  along  the 
rent  of  the  ulnar  side 
f  the  forearm,  and  it 
erminates  in  the  basilic 
•ranch  of  the  median 
ein. 

Th(i  posterior  ulnar 
^ein  commences  in  the 
iorsal  venous  plexus ; 
t  receives  the  ulnar 
Iorsal  digital  vein  of  the  little  finger,  and  ascends  along  the  dorsal  side  of  the 
ilnar  aspect  of  the  forearm.  It  terminates  by  joining  the  basilic  branch  of  the 
iiedian  vein  to  form  the  basilic  vein. 

Superficial  Veins  of  the  Upper  Arm. — Only  two  large  superficial  trunks,  the 
jasilic  and  the  cephalic,  are  found  in  the  upper  arm. 

The  basilic  vein  (v.  basilica)  commences  at  the  upper  and  inner  part  of  the 
)end  of  the  elbow  by  the  union  of  the  median  basilic  with  the  posterior  ulnar  vein, 
^t  ascends  in  a  groove  along  the  inner  border  of  the  biceps  to  the  middle  of  the 
ipjier  arm,  where  it  passes  through  an  opening  in  the  deep  fascia,  the  hiatus 
eniilunaris,  and  in  the  rest  of  its  course  lies  deeply  along  the  inner  side  of  the 
►rachial  artery.  It  terminates  at  the  lower  border  of  the  teres  major  by  becoming 
he  axillary  vein,  and  it  contains  one  or  more  bicuspid  valves. 

The  cephalic  vein  (v.  cephalica)  is  formed  at  the  upper  and  outer  part  of  the 
►end  of  the  elbow  by  the  union  of  the  radial  vein  with  the  cephalic  branclv  of  \J\^ 
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iiietliau  vein,     ll  ascends  first  along  tlie  outer  border  of  the  biceps,  where  ii  i* 
acconi]).inied  \ty  the  superior  exttTual  cutaneous  branch  of  the  inuaciilo-spiral  nen? 
then,  aftia-  piercing  the  deej)  fascia,  it  is  continued  upwards  l»etween  the  adjacvu 
bonlers  of  the  deltoid  and  pectoralis  major  inus(des,  accompanieit  by  the  descenlii.; 
or  liunieral  branch  of  the  acromio- thoracic  axis.     Just  below  the  clavicle  it  tuni= 
inwards,  cross^-s  the  pectoralis  minor,  pierces  the  costo-coracoid   membrane,  aii-i 
terminates  in  the  upper  or  third  part  of  the  axillary  vein.     It  is  provideil  with  , 
bicuspid  valve  at  its  termination.     In  its  primitive  form  it   teriuinated  in  ;'::- 
external  jugular  vein,  to  reacli  which  it  passed  either  over  or  through  tlie  cl.ivi.l- 
Tliis  condition  occasionally  i)ersists,  or  is  represented  by  a  small   commuuicaiiii: 
vein. 

THK  IXFKUIOK  VKXA  CAVA  AND  ITS  TRIBUTARIES. 

The  inferior  vena  cava  (Fig.  ().">r>)  is  a  large  venous  trunk  which  receivt-s  th-^ 
whole  of  the  blood  from  the  lower  extremities,  and  the  gn*ater  jiart  of  the  M  ■■'. 
from  the  walls  and  contents  of  the  alxlomen  and  pelvis.  It  commences  opj- ^w 
till*  ri^lil  side  of  the  body  of  the  tifth  lundjar  vertebra,  behind  and  to  the  rlgL:  ■■: 
the  rigbt  comnjon  iliac  artery,  ascends  through  the  abdomen  in  front  and  to  ;!■- 
ri^lit  of  t\\r  vertebral  column  and  the  right  crus  of  the  diaphragm,  and  pi'^r- 
tlu'  cupula  of  the  diaj^hragm,  between  the  middle  and  right  sections  of  the  cHiir:s. 
tendinous  lealicl,  at  the  level  nf  the  eighth  dorsal  vertebra.  It  then  piene-  :?:- 
librous  i)eri<'ardi urn.  enters  the  middle  mediastinum,  and  terminates  in  the  1"-Avr 
and  back  ]»art  of  the  right  auricle.  Its  intra] ►cricardial  i)ortion  is  very  shorr.  ii^c 
it  is  e.o\c'reil  on  its  anterior  and  lateral  as]>ccts  ])y  the  jwirietal  jK^rtitm  *»t  :''■ 
srrnus  layer.  Attached  to  the  lower  and  front  margin  of  its  auricular  'irifi*'  > 
tin-  Kustachian  valvi',  which  is  a  remnant  of  an  important  fold  of  cndtic^irdiiim  v 
whieh,  in  the  fcetus,  the  blood  from  the  inferior  vena  cava  is  directed,  tJirouuli  :;:•' 
fnrami'U  nvale,  into  the  left  auricle. 

Relations.  The  inferior  vena  cava  is  in  relation  bcliind  with  the  )»*Hiios  mi  ri.. 
lower  iuuiliai'  vertebne  autl  the  eorresponding  part  of  the  anterior  eoxnnioii  ligsiiiRUt.  ■':(• 
.interior  pi.nioii  of  the  riirht  psoas  niusele.  the  right  lumbar  sym|)athetic  cord,  tiic  n-:* 
(»[■  ilie  ri-ht  lurid)ar  arteries,  the  riirht  crus  of  the  dia])hragui,  the  right  renal  arten.  rii 
rigiit.  sciiiiluuar  ganjrli'Mi,  the  right  inferior  phrenic  artery,  and  the  inner  and  ir|.{j-r 
[j'lrtion  t)f  the  riirht  sujira renal  l>f)dy. 

Ill  front  of  it,  from  IxjIow  upwards,  are  the  following  structures — the  right  o'n.:.'!. 
ili.ie  artery,  the  hjwer  end  uf  the  mesentery  and  the  sui)erior  mesenteric  artery,  tlie  n-M 
sprrniatie  artery  and  the  thinl  ])art  of  the  duo<lenum,  tlie  head  of  the  jiancnvis  th- 
|)«)rtal  vein  and  tlu?  first  ]>art  of  the  duodenum,  the  foramen  of  Winslow,  and  the  pisu-ri-T 
surfaevr  «»f  the  liver,  ^h)ro  superticially  are  coils  of  small  intestine,  the  great  ouieiitmii. 
an* I  ilu'  transverse  colon  and  mesocolon. 

'I'o  it>  left  siilo  are  the  aorta  and  the  right  cms  of  the  diaphragm. 

Hn  it^  ri-ht  side  and  l^elow  is  the  rigiit  ureter,  whilst  at  a  higher  level  the  rijii* 
kidury  is  nuly  sepanited  from  it  ]»y  a  short  interval. 

Tributaries.  -In  adrlition  to  the  two  eonmion  iliac  veins,  by  the  union  of  wliich  ii  > 
fonne<l,  and  thi'ough  whieh  it  receives  blootl  from  the  pelvis  and  fixmi  the  lower  exlr'-iu: 
ties,  the  inferior  vena  eava  receives  the  following  tributaries: — The  hciKitie  veins*,  tlit 
ri^riit  infcrioi-  phrenie  vein,  the  right  suprarenal  vein,  the  right  and  left  renal  vein^  tlr.- 
riiiht  sjK'nnatie  or  ovarian  vein,  and  the  right  and  left  lumbar  veins. 

Hepatic  Veins  (vv.  lu^iKitica-,  Kig.  G55). — These  veins  convey  blood  which  h-i- 
passed  liirough  the  liver  from  the  jiortal  veins  and  from  the  hei>atic  art-erj-,  an«l 
they  ojien  into  that  portion  of  the  inferior  vena  cava  which  lies  immediately  below 
the  ilia])bragm,  and  behind  the  right  lobe  of  the  liver.  They  form  two  grc»ui>s,  an 
up])er  gruup  (»f  two  or  three  large  trunks,  and  a  lower  group  of  smaller  veins. 

The  n]»iM?r  group  occasionally  consists  of  only  two  veins,  a  right  and  a  left; 
nil  pre  fre([uently  there  are  thrt^?  vessels,  a  right,  a  left,  and  a  middle  vein,  and  in 
the  latter  case  the  middle  vein  issues  from  the  Spigelian  lolje. 

The  veins  of  the  h)wer  grouj)  vary  in  numl>er  from  six  or  seven  to  twemy. 
they  return  blood  from  the  right  and  Spigelian  lolies. 

The  he})atic  veins  commence  in   the  interior  of  the  lobules  of  the  liver  9» 
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Iraiabfdai'  rting;  these  issue  from  the  upper  and  ptjsteriur  a'^pects  of  the  lolmk'S, 
iitid  tmite  together  to  form  mblohular  veins;  and  the  hitter,  unitiDg  with  one 
atrntlier  hb  they  converge  towards  the  posterior  surface  ot^  the  Jiver,  form  the  iarger 
hr*jiatk;  veiDH. 

Inferior  Phrenic  Veins  (vv.  phrenicie  inferbres).— The  venie  comites  of  the 
iuferiui'  laiireuic  arteries  are  formed  by  tributaries  which  issue  from  the  subslaiice 


ll«j«illc  vrhiH 


E^mi)  VI- In 
Ri^lii  ^VKfimi  veil  I 


Ooiiijiicm  iJiu:  vnin 
Vtdlt  vai'fM]  ttfU^ry 


«ff«ry 


LlmchuH 


'    r    i  JIT  iilitrviiJr 
^      .:i!«ml  Ijivly 

Ufijjul  nrt*<ry 

Lf  n  oiJIti  jiriwry 
litri"r(i>r  »nA*pHt'*r  |.( 

Ci«mmiii  i\k\t  fti't**ry 
llljtcr  ifoltiiii 
K\t>«vinit  MiHi  vein 


t*uint«i 


Fro*  655.  -  Thi  l2«Ftiiiroti  Vuha  Cava  axi>  its  ThibutaiuicKv 

of  the  diaphm^riiL  The  ri^^dit  vein  tenniiiates  iu  the  iipjier  part  ol'  the  inferior 
vena  cava,  Tfje  left  veins  ywiaa  behind  the  ce^sophagus,  and  usually  end  in  tlie  left 
mipmrenal  vein. 

Suprarenal  Veins. — A  single  suprarenal  vein  (w  suprarenal  is)  issues  from  i\m 
111  him  oil  the  anR^rior  surhice  of  e^ch  suprarenal  Inidy ;  the  right  vein  terminates  in 
the  inferior  vena  e^iva;  the  left  usually  ends  in  the  left  renal  vein,  but  sometimes 
it  opens  directly  intij  the  inferior  vena  cava. 

Renal  Veins  (w.  renales). — Each  reual  vein  is  furuied  hy  the  union  of  rtve  or 
isix  trihiitariew  wliich  issue  from  the  hilum  of  the  kiiliiey,  where  they  he  in  front  of 
the  corresponding  arteries. 
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Tlie  right  renal  vein  is  about  one  iuch  loug;  it  i)asses  behind  the  second  pan  "i 
the  diioilenum,  and  terminates  in  the  riglit  side  of  the  inferior  vena  cava. 

The  left  renal  vein  crusses  in  front  of  tlie  left  psoas,  the  left  eras  of  the  dijiiihraj.T:i. 
and  the  aorta  inunediately  l>elo\v  the  superior  mesenteric  artery.  It  lies  behind 
the  ]>ancruas  and  the  fourth  part  of  the  duodenum,  and,  running  atx)ve  tlie  tbird 
part  of  the  duodenum,  terminates  in  the  left  side  of  tlie  inferior  vena  cava.  The 
left  spermatic  or  ovarian  vein,  according  to  the  sex,  and  almost  invariably  tlie  left 
suprarenal  vein,  open  into  it. 

Lumbar  Veins  (vv.  lumbales). — There  are  usually  four  lumbar  veins  on  each 
side,  one  with  each  luml>ar  artt^ry ;  the  vein  with  the  8ubc<:tstal  artery  i.**  not 
included  in  this  number.  The  lumbar  veins  are  formed  by  the  union  of  an:eri"T 
and  posterior  trun-ks  between  the  transverse  pnxicsses  of  tlie  vertebne.  The 
anterior  tributaries  commence  in  the  lateral  walls  of  the  alKlominal  cavity,  wheiv 
they  comnjiniicate  with  the  superior  and  deep  epigastric  veins.  The  iiosteri'»r 
tributaries  issue  from  the  muscles  of  the  back  in  the  lumbar  region,  and  receive 
tributaries  from  the  spinal  plexuses.  The  main  stems  pass  forwards  on  the  l^xfe 
of  the  vertebne;  on  each  siile  they  run  l>ehind  and  to  the  inner  side  of  tlie  jissy 
muscle,  whilst  th<>8e  of  the  left  side  also  pass  behind  the  aorta.  They  terminate  in 
the  posttrior  part  of  the  inferior  vena  wiva.  Not  uncommonly  the  corresi»ondiD^^ 
veins  of  opposite  sides  unite  ttjgether  to  form  a  single  trunk  which  enters  thr  l»aek 
of  the  interior  vena  cava.  All  the  luml)ar  veins  of  each  side  are  uuit^l  together 
))y  a  longitudinal  anastomosing  vessel,  the  ascending  lumbar  vein,  which  |»as« 
upwards  in  front  of  the  transverse  proccssis  of  the  lumbar  vertebne.  and  usuhIIt 
ends  above  in  an  azygos  vein,  whilst  below^  it  connects  the  lumbar  veins  with  the 
ilio-lumbar  and  lateral  sacral  veins. 

Spermatic  Veins  (vv.  spermaticie). — The  spermatic  veins  on  eacJi  side  issue 
I'rom  the  testicle  and  epidiilymis  and  form  a  plexus,  Ww  jtanqriniform  phxus.  The 
plexus  i'orms  part  of  the  s])ermatic  cord,  and  consists  of  from  eight  to  ten  veinis. 
most  of  which  lie  in  front  of  the  vas  deferens;  it  passes  upwards  in  the  inguinal 
canal,  and,  n(?ar  the  internal  abdominal  ring,  teiminates  in  two  main  trunks  which 
ascend  with  the  corresponding  spermatic  artery  for  some  distance,  receivini: 
tributaries  from  the  \ircter,  ami,  occxisionally,  on  the  left  side  from  the  iliac  and 
pelvic  colon  ;  ultima ti'ly  the  two  veins  unite  together  and  a  single  terminal  vein  i? 
formed.  The  terminal  spermatic  vein  on  the  right  side  opens  into  the  inferior 
vena  cava,  that  on  the  left  side  into  the  left  renal  vein.  The  left  spermatic  vein? 
are  longer  than  the  right,  the  left  testicle  being  lower  than  the  right,  and  the 
termination  in  the  left  ren«l  vein  being  at  a  higher  level  than  the  tennination  of 
the  right  vein  in  the  inferior  vena  cava.  The  spennatic  veins  on  eaeli  side  lie 
upon  the  psoas  muscle  and  the  ureter.  They  are  covered  by  iwritoneuni,  and  thtrv 
are  crossed  on  the  right  side  by  the  termination  of  tlie  ileum  and  the  third  [«rt  ot 
the  duodenum,  and  on  the  left  side  hy  the  iliac  colon.  They  are  provided  with 
valves  both  in  their  course  and  at  their  terminations,  but  occasionally  the  valve  a: 
the  i»ritice  of  the  left  spermatic  vein  is  absent. 

The  ovarian  veins  (vv.  ovaricie),  on  eat^h  side,  issue  from  the  bilum  on  the 
anteriiT  border  of  th(»  ovary.  Tliey  pass  between  the  layers  of  the  broad  ligament, 
where  they  anastomose  freely  aiul  form  the  patnpiniform  plexus,  which  extends 
outwards  towards  the  brim  of  the  pelvis.  From  the  plexus  two  veins  are  formt-d 
which  accompany  the  corresjionding  ovarian  artery;  they  pass  in  front  of  the  external 
iliac  artery,  and  then  u])wards  behind  the  peritoneum  and  in  front  of  the  psoas 
muscle  and  ureter.  The  veins  of  the  right  side,  Uke  the  corresponding  spermatic 
veins,  also  i>ass  behind  the  termination  of  the  ileum  and  the  third  part  of  the 
duodenum;  whilst  the  left  veins,  near  the  brim  of  the  jielvis,  i>a83  behind  the 
commencement  of  the  pelvic  colon. 

The  two  veins  on  each  side  ultimately  fuse  together  to  form  a  single  terminal 
vein  which  ends,  on  the  right  side  in  the  inferior  vena  cAva,  and  on  the  left  side  in 
the  left  renal  vein.  As  the  left  ovarian  veins  ascend  on  the  psoas  they  sometimes 
receive  tributaries  from  the  iliac  and  pelvic  colon. 
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The  Iliac  Veins. 

The  common  iliac  veimi  (P'W-  ^^0  and  655),  right  and  left,  are  formed  by  the 
inion  of  the  corresponding  external  and  internal  iliac  veins.  Each  commences 
opposite  the  brim  of  the  pelvis,  immediately  behind  the  upper  part  of  the  internal 
liac  artery  of  its  own  side,  and  both  vessels  pass  upwards  to  the  right  side  of  the 
jody  of  the  fifth  lumbar  vertebra,  at  the  upper  part  of  which,  just  behind  and  to 
ihe  outer  side  of  the  right  common  iliac  artery,  they  unite  together  to  form  the 
nferior  vena  cava. 

The  right  common  iliao  vein  (v.  iliaca  communis  dextra)  is  much  shorter  than 
the  left ;  it  passes  in  front  of  the  obturator  nerve  and  the  ilio-lumbar  artery,  and 
it  first  behind  and  then  somewhat  to  the  outer  side  of  the  corresponding  common 
liac  artery. 

The  left  common  ilia,c  vein  (v.  iliaca  communis  sinistra)  is  much  longer  than 
he  right,  and  is  also  placed  more  obliquely.  It  passes  upwards  and  to  the  right,  in 
ix)nt  of  the  body  of  the  fifth  lumbar  vertebra,  and  across  the  middle  sacral  artery. 
•"or  some  distance  it  runs  along  the  inner  side  of  the  left  common  iliac  artery,  and 
hen  passes  behind  the  right  common  iliac  artery.  It  also  passes  behind  the 
lesentery  of  the  pelvic  colon  and  the  superior  haemorrhoidal  artery. 

Xributaries. — Each  commou  iliac  vein  receives  the  corresponding  external  and 
itemal  iliac  veins  and  the  ilio-lumbar  veins.  The  left  common  iliac  vein  receives  in 
Idition  the  middle  sacral  vein. 

The  ilio-lumbar  veins  (vv.  ilio-lumbales)  receive  tributaries  from  the  iliac  fossa,  from 
le  lower  parts  of  the  spinal  muscles,  and  from  the  spinal  canal.  There  is  a  single  vein 
1  each  side  which  accompanies  the  corresponding  artery.  It  passes  behind  the  psoas 
luscle  and  terminates  in  the  common  iliac  vein. 

Middle  Sacral  Veins. — The  venee  comites  of  the  middle  sacral  artery  commence  by 
le  union  of  tributaries  which  issue  from  the  venous  plexus  in  front  of  the  sacrum, 
irough  which  they  communicate  with  the  lateral  sacral  veins  and  receive  blood  from  the 
icral  part  of  the  spinal  canal.  They  unite  above  into  a  single  stem  (v.  sacralis  media), 
hich  terminates  in  the  left  common  iliac  vein. 

The  internal  iliac  vein  (v.  hypogastrica.  Fig.  640)  is  a  short  trunk  formed 
y  the  union  of  tributaries  which  correspond  to  all  the  branches  of  the  internal 
iac  artery,  with  the  exception  of  the  hypogastric  or  umbilical  and  the  ilio-lumbar 
tranches. 

It  commences  at  the  upper  border  of  the  great  sciatic  notch,  and  ascends  to  the 
nim  of  the  pelvis,  where  it  unites  with  the  external  iliac  vein  to  fonii  the  common 
liac  vein.  It  lies  immediately  behind  and  slightly  to  the  inner  side  of  the  internal 
liac  artery,  is  crossed  externally  by  the  obturator  nerve,  and  is  in  relation  internally, 
•n  the  left  side  with  the  pelvic  colon,  and  on  the  right  side  with  the  lower  part  of 
he  ileum. 

Tributaries. — The  tributaries,  which  are  numerous,  are  conveniently  divisible  into 
xtra-pelvic  and  intra-pelvic  groups. 

The  extra^pdvic.  tributaries  are  all  parietal,  and  include  the  obturator,  internal  pudic, 
ciatic,  and  gluteal  veins. 

Obturator  Vein  (v.  obturatoria). — This  vein  is  formed  by  the  \mion  of  tributaries 
rbich  issue  from  the  hip-joint  and  from  the  muscles  on  the  upper  and  inner  part  of  the 
high.  It  enters  the  pelvis  through  the  obturator  foramen,  runs  backwards  along  the 
ateral  wall  lying  on  the  pelvic  fascia  immediately  below  tiie  corresponding  artery,  and, 
Mssing  between  the  internal  iliac  artery  on  the  outside  and  the  ureter  on  the  inside, 
erminates  in  the  internal  iliac  vein. 

Sciatic  Veins  (w.  glutaeaj  inferiores). — The  venaj  comites  of  the  sciatic  artery  com- 
lence  in  the  subcutaneous  tissues  on  the  back  of  the  thigh ;  they  ascend  with  the  sciatic 
rtery,  and  pass  deeply  into  the  buttock  beneath  the  gluteus  maximus,  where  they  receive 
umerous  tributaries  from  the  surrounding  muscles.  Entering  the  pelvis  through  the 
reat  sciatic  foramen,  they  unite  into  a  single  vessel,  which  terminates  in  the  lower  and 
:iterior  part  of  the  internal  iliac  vein  below  the  tennination  of  the  obturator  vein. 

Gluteal  Veins  (vv.  glutaete  superiores). — The  venaj  comites  of  the  gluteal  artery  are 
inned  by  tributaries  which  issue  from  the  muscles  of  the  buttock.     They  accompany 


890  THE  VASCULAR  SY-STEM. 

the  artery  through  the  }j:reat  sciatic  foramen,  and  terminate  in  the  internal  iliac  wh: 
tluiv  frofiuently  unite  together  }>efore  reachinj^  their  termination. 

Internal  Pudic  Veins. — The  venre  coniites  of  the  internal  pndic  artery  conmience  U 
tiibutarioN  which  emerge  from  the  corpns  eaveniosnm  of  the  penis  (vv.  profundse  penisi 
or  clitoris  (vv.  profiuuiie  clitoridis).  They  follow  the  course  of  the  inteiiiul  pudic  ;urten. 
and  usually  join  togetiier  into  a  single  vessel  (v.  pudenda  interna)  which  terminates  la 
the  internal  iliac  vein.  As  tributaries  they  receive  tlie  veins  from  the  bulb,  the  sui»t?rticiil 
perineal  and  inferior  luemorrhoidal  veins  (vv.  haMnorrhoidales  iuferiores),  and  veins  fnift 
the  muscles  of  the  buttock. 

'I'he  inferior  haemorrhoidal  veins,  which  connnence  in  the  substance  of  the  estenul 
sj»hinctcr  of  the  anus  and  in  the  walls  of  the  anal  canal,  anastomose  with  the  middle  aai 
su])crior  luemorrhoidal  veins,  and  conse<[uently  connect  tiie  |X)rtal  and  vena  caval  systomi 
together.. 

The  intni-julvic  tributnriv.^  of  the  internal  iliac  vein  are  either  {a)  parietal  «f 
(h)  visceral;  the  former  comprises  the  lateral  Siicral  vein.^  the  latter  includes  tiir 
etlerent  vessels  from  the  plexuses  around  the  sevenU  pelvic  viscera. 

('0  Parietal:  Lateral  sacral  veins  (vv.  sacmles  lateralos)  accouip;uiy  the  wnt 
sj)ondinLr  arteries,  and  terminate  on  each  side  in  the  inner  and  hack  part  of  the  intenal 
iliac  vein. 

(h)  Visceral  tributaries  are  dei-ived  from  the  rectmn  and  fnmi  the  plexuses  a-«riatri 
with  the  uterus,  vagina,  bladder,  and  prostiite.  They  include  the  middle  hieniorrlj"idai. 
the  uterine,  the  vaginal,  and  the  vesical  veins. 

The  middle  haemorrhoidal  veins  (vv.  luemorrhoidales  mediale.s)  are  very  irri^oilar. 
sometimes  they  cannot  be  distinguished.  When  present  they  arc  foriiiod  by  trihuiarift 
which  comnunce  in  the  subnnicous  tissue  of  the  rectum,  where  they  couiniunicato  with 
the  superit)r  and  inferior  luemorrhoidal  veins;  they  pass  through  the  muscnlar  co*t, 
and  fuse  together  to  form  two  middle  luemorrhoidal  veins,  right  and  left,  e.'n-h  of  »hidi 
runs  outwjinis  beneath  the  peritoneimi,  on  the  upper  surface  of  the  levator  ani.  lo 
terminate  in  the  internal  iliac  vehi.  In  the  male  each  middle  hsemorrhoidal  vein  rtccives 
Iribut^irie.s  fr»)m  the  seminal  vesicle  and  vas  deferens  of  it-s  own  side. 

Uterine  Plexuses  and  Veins. — The  uterine  plexuses  lie  along  the  lateral  Ijopfier* 
i>\  the  uterus;  they  receive  tributaries,  which  are  entirely  devoid  of  valve.s  from  the 
uterus,  and  tliey  comnnniicate  above  with  the  ovarian,  and  below  with  the  vaL^inal 
plexuses. 

The  uterine  veins  (vv.  uterinse),  usually  two  on  each  side,  issue  from  the  lower  jjaru 
of  the  uterine  plexuses  above  their  connmnncations  with  the  vaginal  plexuses.  Al  tim 
the  uterine  veins  on  each  side  lie  in  the  inner  pirt  of  the  base  of  the  bnxid  ligament 
above  the  lateral  fornix  of  the  vagina  and  the  ureter;  they  then  pass  l>ackwards,  aecvm 
panying  the  corresponding  artery,  in  a  fold  of  peritoneum  which  lies  between  the  back 
of  the  broad  ligament  and  the  recto-uterine  fold;  tinally  they  ascend  in  the  liixir  of  the 
ovarian  fossii,  and  terminate  hi  the  internal  iliac  vein. 

Vaginal  Plexuses  and  Vaginal  Veins.— The  vaginal  plexuses  lie  at  the  aides 
of  the  vagina.  They  receive  tributaries  from  the  walls  of  the  vagina,  and  cuninniDicat« 
abuve  with  the  uterine  plexuses,  below  with  the  veins  of  the  bulb,  in  front  with  ihtr 
vesical  plexus,  and  behind  with  the  veins  which  issue  from  the  middle  and  lower  {lartsof 
the  haemorrhoidal  plexus.  A  single  vaginal  vein  issues  from  the  upper  jiart  of  the 
vaginal  plexus  on  each  side:  it  accompanies  the  correspoudhig  arteries,  and  temiinutcs 
in  the  internal  iliac  vein. 

Superior  Vesical  Plexus. — The  superior  vesical  plexus  of  veins  lies  on  ihe  oiitcr 
surface  of  the  nniscular  coat  of  the  bladder  at  the  fundus  and  the  sides.  It  reecives 
tributaries  from  the  nnicous  and  nniscular  walls,  and  its  elTerent  vessels  terminate  in  the 
prostatico- vesical  i>lexus  in  the  male,  and  in  the  inferior  vesical  plexus  in  the  female. 

Prostatico-vesical  Plexus. — This  plexus  is  distributed  round  the  prostate  and  the 
neck  of  the  bladder,  and  is  enclosed  between  the  proper  fibrous  Ciipsule  of  the  prostate 
and  its  sheath  of  recto- vesical  fahcia.  In  front  it  receives  the  dorsal  vein  of  the  penis, 
which  usually  tcjrminates  by  two  branches;  behind  and  above  it  communic«ites  with  thf 
superior  vesical  plexus,  and  receives  tributaries  from  the  seminal  vesicles  and  vasa  defervntia. 
One  or  more  eircrcjut  vessels  jwiss  from  it  on  each  side  and  open  into  the  correspond iw 
internal  iliac  vein. 

The  inferior  vesical  plexus  of  the  female,  which  represents  tlie  prostatico-vtsiiaj 
plexus  of  the  male,  surrounds  the  upper  part  of  the  urethra  and  the  neck  of  the  bladder 
It  receives  the  dorsal  vein  of  the  clitf»ria,  and  its  efferent  vessels  terminate  in  the  iutenai 
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Dorsal  Veins  of  the  Penis  (w.  dorsales  penis). — There  are  two  dorsal  veins  of 
the  pK5ni8 — the  superficial  and  the  deep. 

The  snperflcial  dorsal  vein  receives  tributaries  from  the  prepuce,  and  runs  backwards 
immediately  beneath  the  skin  to  the  symphysis,  where  it  divides  into  two  branches  which 
terminate  in  the  superficial  external  pudic  veins. 

The  deep  dorsal  vein  lies  on  the  dorsum  of  the  penis  beneath  the  deep  fascia.  It 
eominences  in  the  sulcus  behind  the  glans,  by  the  union  of  numerous  tributaries  from 
the  glans  and  the  anterior  parts  of  the  corpora  cavernosa,  and  runs  bickwards  in  the  mid- 
dorsal  line,  in  the  sulcus  between  the  corpora  cavernosa  from  which  it  receives  many 
additional  tributaries.  At  the  root  of  the  penis  the  vein  passes  between  the  two  layers  of 
the  suspensory  ligament,  and  then  between  the  subpubic  ligament  and  the  deep  tniusverse 
ligament  of  the  perineum,  thus  reaching  the  space  between  the  two  layers  of  the  triangular 
ligament,  where  it  lies  above  the  membranous  part  of  the  urethra,  and  is  enclosed  in 
some  of  the  fibres  of  the  compressor  urethne.  Passing  through  the  posterior  layer  of  the 
triangular  ligament,  it  enters  the  pelvis,  and  terminates,  usually  by  two  ])ranche8,  in  the 
prostjitico- vesical  plexus. 

The  dorsal  vein  of  the  clitoris  in  the  female  has  a  similar  course  to  that  of  the  deep 
dorsal  vein  of  the  penis  in  the  male.     It  terminates  in  the  inferior  vesical  plexus. 

THK  VEINS  OF  THE  LOWER  EXTREMITY. 

The  veins  of  the  lower  extremity,  like  those  of  the  upper  extremity,  are  arranged 
in  two  groups,  the  superficial  and  the  deep,  and  in  the  lower  as  in  the  upper  limb 
the  deep  veins  are  associated  with  the  arteries  as  venae  comites,  whilst  the  super- 
ficial veins  which  he  in  the  subcutaneous  tissues  ultimately  terminate  in  the  deep 
veins.  There  is,  therefore,  a  general  similarity  in  the  arrangement  of  the  veins  of 
the  upper  and  the  lower  limbs,  but  there  are  differences  in  the  details  of  the  arrange- 
ment which  are  of  some  importance.  Thus,  in  the  upper  extremity,  there  are  two 
deej)  veins  with  each  artery  from  the  fiogers  to  the  root  of  the  limb,  where  a  single 
trunk,  the  axillary  vein,  is  formed ;  but  in  the  lower  extremity  each  main  artery 
has  two  venae  comites  only  as  far  as  the  middle  of  the  Hml),  where  a  single  trunk 
is  formed.  This  vessel,  the  popliteal  vein,  is  the  commencement  of  the  main  venous 
stem  of  the  lower  extremity ;  it  is  continued  upwards  through  the  thigh  as  the 
femoral  vein,  and  along  the  brim  of  the  pelvis  as  tlie  external  iliac  vein,  which 
terminates  by  uniting  with  the  internal  iliac  vein  to  form  the  common  iUac  vein. 

Further,  the  superficial  veins  of  the  upper  limb  are  more  numerous  than  those 
of  the  lower  limb,  for  in  the  forearm  there  are  four  main  superficial  veins,  and  in 
the  leg  two ;  in  the  arm  two  main  superficial  veins,  and  in  the  thigh  only  one. 

In  the  upx>er  limb  the  blood  wliich  passes  through  the  superficial  veins  is  poured 
into  the  efferent  trunk  vein  at  the  root  of  the  limb — that  is,  into  the  axillary  vein  ; 
but  in  the  lower  limb  the  blood  from  the  superficies  of  the  outer  parts  of  the  leg 
and  foot  passes  into  the  commencement  of  the  main  efferent  vein,  the  popliteal 
vein,  at  the  middle  of  the  limb — that  is,  in  the  region  of  the  knee,  whilst  the 
blood  from  the  superficial  parts  of  the  inner  a8i)ect  of  the  lower  limb  is  poured  into 
the  ft»moral  vein  near  the  root  of  the  limb  in  the  upper  part  of  Scari)a's  triangle. 

In  addition  to  the  above-mentioned  differences  in  the  general  arrangement  of  the 
veins  of  the  upper  and  the  lower  extremities,  it  must  also  l>c  noted  that  in  the  upi>er 
extremity  all  the  blood  of  the  limb,  both  that  from  the  shoulder-girdle  region  as 
well  as  that  from  the  projecting  portion  of  the  limb,  is  returned  to  the  main 
efferent  venous  trunk  ;  but  in  the  lower  extremity  the  greater  part  of  the  blood  from 
the  region  of  the  pelvic  girdle,  and  a  considerable  portion  from  that  of  the  thigh,  is 
returned  by  the  gluteal,  obturator,  sciatic,  and  pudic  veins  to  the  internal  ihac 
vein,  which  in  the  adult  is  not  the  main  efferent  vein  of  the  lower  extremity. 

The  Deep  Veins  of  the  Lower  Extremity. 

All  the  arteries  of  the  lower  limb  excei)t  the  popliteal  and  femoral  trunks  are 
accompanied  by  two   vend'  comifrs.     They  usually  lie  one  on  each  side  of  the 
arterj' ;  they  are  connected  wuth  each  other  by  transverse  channels  which  pass 
in  front  of  or  behind  the  arterv,  and  they  are  provided  with  numerovx^  \«An^. 
61 
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The  popliteal  vein  (v.  poplitea,  Fig.  643)  is  formed,  at  the  Inwer  l*ordcr  of 

popHteuii  muscle,  by  the  imiuii  of  the  veo^  comit^s  of  the  anteTior  and 
tibial  arterieB.     At  its  comtiioncoment  it  lies  to  the  inner  side  of  ami 
miperficiiil  to  the  popliteal  artery,  and  to  the  outer  side  of  the  iiiterual 
nerve.     As  it  ai^ceiuls  through  the  popliteal  spaca  it  gradually  inclines  iowkt 
outer  side  of  tlie  artery,  jUuI  iu  the  middle  of  the  gpaee  it  is  directly  U 
artery,  separating  tlie  artery  from  the  iirterual  popliteal  nerv^,  wliich  is  ntill 
posterior,  whilst  nl.  the^  u])per  end  of  the  space  it  is  to  the  outer  ^hh-  nf  Ow  arhr 
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F»«j,  fj5^*— The  Fg^iMUAL  VF,H$BLto  lv  scahpa  »  THiJUC*:fLB. 

and  still  he t ween  it  and  the  internal  poplit<»al  nerve.     It  then  pajBi^rs  t!  .    _     tbe 
addnutur  magnus  muscle  and  Iteeomes  the  ftnioral  vein. 

The  popliteal  vein,  which  is  provided  with  two  or  three  bicuspid 
tK>und  to  the  arterj^  by  a  dense  fascitil  ijheath.     Not  uiu;ommonl|  l;.,  . 
more  additional  sat^^IHte  %'ein3  which  anastomose  witli  the  |K>pbteal  \ 
them  casea  the  artery  is  more  or  leas  completely  surrounded  hy  vttnoUB  imuii^ 

Tributaries,^ In  addition  to  the  veiuc  co mites  of  the  anterior  aod  «"-*.^- .-  *] 
arteries,  it  receives  tributnrit?if  which  corrcspoud  with  the  hraochcdof  tJj- 
and  it  alao  reeeives  one  of  the  siiperticial   veins  of  the  leg,  via.  the  txi-iniai  '»r  **i 
saphGUout»  vein. 

The  femoral  vein  (v.  femoralis)  is  the  direct  continuation  of  litis  fiu(iltkeil  mn 
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It  commences  at  the  junction  of  the  middle  and 
opening  in  the  adductor  magnus  muscle.  It  then 
and  through  Scarpa's  triangle,  and  terminates  a 
middle  of  Poupart's  ligament  by  l)ecom- 
ing  the  external  iliac  vein. 

In  Hunter's  canal  it  lies  behind,  and 
at  first  to  the  outer  side  of,  the  femoral 
artery,  and  upon  the  adductors  magnus 
and  longus  which  separate  it  from  the 
profunda  vessels.     In  the  lower  part  of 
Scarpa's  triangle  it  is  behind  and  to  the 
inner  side  of  the  artery,  and  immediately 
in    front   of  the  profunda  vein  which 
separates  it  from  the   profunda  artery, 
but  in  the  upper  part  of  Scarpa's  triangle 
it  is  directly  on  the  inner  side  of  the 
femoral  artery.     A}K)ut  one  and  a-half 
inches  below  Poupart's  ligament  it  enters 
the  middle  compartment  of  the  femoral 
Bheath,  through  which  it  ascends  to  its 
termination,  lying  between  the  compart- 
ment for  the  femoral  artery  on  the  outer 
side  and  the  crural  canal  on  the  inner 
side. 

It  usually  contains  two  bicuspid 
valves — one  near  its  termination  and  the 
other  just  above  the  entrance  of  its 
profunda  tributary. 

Tributaries. — It  receives  tributaries 
(vena?  comites)  which  correspond  with  the 
branches  of  the  femoral  artery  and  the  larger 
of  the  two  superficial  veins  of  the  lower 
extremity,  viz.  the  long  saphenous  vein, 
which  enters  the  femoral  vein  where  that 
vessel  lies  in  the  middle  compartment  of 
the  femoral  sheath. 


The  external  iliac  vein  (v.  iliaca 
externa.  Figs.  637,  640,  and  655)  is  the 
upward  continuation  of  the  femoral  vein. 
It  commences  on  the  inner  side  of  the 
termination  of  the  external  iliac  artery, 
immediately  behind  Poupart's  ligament, 
and  ascends  along  the  brim  of  the  pelvis 
to  a  point  at  the  level  of  the  lumbo-sacral 
articulation  and  opposite  the  sacro-iliac 
joint,  and  immediately  tehind  the  in- 
ternal iliac  artery,  where  it  ends  by  join- 
ing the  internal  iliac  vein  to  form  the 
common  iliac  vein.  It  lies  at  first  on 
the  inner  side  of  the  external  iliac 
arter5%  )>ut  on  a  somewhat  posterior 
plane,  and  then  directly  beliind  the 
artery,  whilst  just  l)efore  its  tennination 


lower  thirds  of  the  thigh,  at  the 
ascends  through  Hunter's  canal, 
little  to  the  inner  side  of  the 
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Vein  and  its  I'ributahies. 


it  crosses  the  outer  side  of  the  internal  iliac  artery,  and  separates  that  vessel  from 
the  inner  border  of  the  psoas  muscle.  In  its  whole  course  the  vein  lies  anterior 
to  the  obturator  nerve.  It  is  usually  provided  with  one  biscupid  valve,  })ut  some- 
times there  are  two.  Its  tributaries  correspond  to  the  branches  of  the  external 
iUac  artery ;  thus  the  deep  circumflex  iliac  (v.  circumflex  ilium  profunda^  aud  dft.<i\v 
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ei)iL;astric  (v.  ei>igastricrt  iuterior)  veins  oi)en  into  it  close  to  its  origin,  whikt  in 
addition  it  fre(|uently  receives  the  pubic  vein. 

The  pubic  vein  i'ornis  a  communication  between  the  obturator  vein  and  ;Im; 
extvrnal  iliac  vein.  It  varies  in  size,  and  may  form  the  main  temiiniition  of  the 
obturator  vein  from  which  it  arises.  Commenciu<|j  in  the  obturator  foniinen.  i: 
ascends  at  the  side  of  the  pu])ic  branch  of  the  deep  epigastric  artery,  and  rftu-lies 
the  external  iliac  vein. 

The  Supekkicial  Veins  of  the  Lower  P]xtkemity. 

The  sui)erticial  veins  of  the  lower  extremity  terminate  in  two  trunk.^,  one  mI 
whicli,  the  external  or  short  saphenous  vein,  jiasses  from  the  foot  to  the  ptplitoil 
s]>ace ;  whilst  the  other,  the  internal  or  long  saphenous  vein,  extends  from  the  ft.nit 
to  the  groin. 

Tiio  superlicial  veins  of  th^;  sole  of  the  foot  form  a  tine  plexus,  imnieiliaiflv 
beneath  the  skin,  from  which  anterior  and  lateral  etlerents  pass.  The  ant^ri'ir 
t^tlerents  terminate  in  a  transverse  arch  which  lies  in  the  furrow  at  tht?  remits  of  the 
toes,  and  the  lateral  etferents  ptiss  round  the  sides  of  the  foot  to  the  internal  •«■ 
external  sai)henous  veins.  The  transverse  arch  also  receives  small  plantar  digiul 
veins  from  the  toes,  and  it  gives  off  interdigital  efferent  branches  to  the  dorsaJ 
venous  arch. 

The  superficial  veins  on  the  dorsal  aspect  of  each  toe  unite  together  to  form  twi* 
dorsal  digital  veins  (v.  digi tales  pedis  dorsales)  which  run  along  the  b<»rders  oi  the 
dor.-al  ^surface.  Tiie  dorsal  digital  veins  of  the  adjacent  borders  of  the  intenli^nul 
clelts  unite,  at  the  apices  of  the  clefts,  to  form  four  dorsfil  interdigital  veins  which 
terminatt?  in  the  dorsal  venous  arch.  The  dt)rsal  digital  vein  fn>m  the  inner  side 
of  the  great  toe  ends  in  the  long  saphenous  vein,  and  that  from  the  outer  side  «»f 
tlie  little  t(.>e  terminates  in  the  short  saphenous  vein. 

Tlie  dorsal  venous  arch  (arcus  venosus  dorsiilis  jK'dis)  lies  in  the  sulicutaneoiis 
I  issue,  between  thes  skin  and  the  branches  of  the  musculo-cutaneous  nerve,  opposite 
the  lower  parts  of  the  shafts  of  the  metatarsal  })ones.  It  ends  internally  by  uiiil- 
iug  with  tlie  inner  dorsal  digital  vein  of  the  great  toe  to  form  the  long  saphenous 
vein,  and  externally  l^y  joining  the  outer  dorsal  digital  vein  of  the  Tittle  K*  I" 
form  the  short  saphenous  vein.  The  dorsal  venous  arch  receives  the  dorsal  inter- 
di^'itil  veins;  interdigital  efferents  from  the  plantar  transverse  arch,  and  numeriiu.^ 
tril)utaries  from  the  (lorsum  of  the  foot,  which  anastomose  freely  t(»gether,  formini; 
a  wide-uieslu^d  dorsal  venous  plexus,  open  into  it  behind. 

File  internal  or  long  saphenous  vein  (v.  sapheua  magna)  is  formed  by 
the  union  of  the  inner  extremity  of  the  dorsal  venous  arch  with  the  inner 
dorsal  digital  vein  of  the  great  toe.  It  passes  upwards  in  front  of  the  internal 
malleolus,  crossj's  the  inner  surface  of  the  lower  part  of  the  shaft  of  the  tibia,  ami 
ascends  ininiediately  behind  the  internal  border  of  that  bone  to  the  knee,  whew  it 
lies  just  behind  the  internal  condyle  of  the  femur;  continuing  upwards,  \ivith  an 
inclination  forwards  and  outwards,  it  gains  the  ui>per  part  of  Scaq^a's  trianjjjle. 
where  it  pia-forates  the  cribriform  fascia  and  the  femoral  sheath  to  reach  its  ter- 
mination in  the  femoral  vein.  In  the  foot  and  leg  it  is  accompanied  by  the  hw^ 
saj)henous  nerve,  and  for  a  short  distance  below  the  knee  l>y  the  superficial  brunch 
of  the  anastomotic  artery.  In  the  thigh,  branches  of  the  internal  cutaneous  ner^■e 
lie  in  close  relation  with  it.     It  contains  from  eight  to  twenty  bicuspid  valves. 

Tributaries. — It  connuunicates  freely  through  the  deep  fascia  with  tlie  deep  inter- 
muscular  veins,  in  the  foot  it  receives  tributtiries  from  the  inner  part  of  the  8ule  an<i 
froui  the  dorsal  venous  plexus.  As  it  ascends  in  the  leg  it  is  joined  by  tributaries  fnm 
tht*  dorsum  of  the  foot,  tiio  inner  side  and  buck  of  the  heel,  the  front  of  the  leg  and  the 
buck  of  the  calf,  and  it  anastomoses  freely  with  the  sliort  saphenous  vein.  In  the  thigh 
it  receives  numerous  tributaries,  some  of  wiiich  usually  converge  to  form  two  saperfidil 
femoral  veins.  <  >f  these,  f)ne,  the  tj-fenia/j  ascends  from  tiie  outer  side  of  the  knee  $ad 
terminiites  in  the  internal  saphenous  vein  about  the  lower  part  of  Scarpa's  triangle;  the 
other,  tlie  Intmyil,  receives  a  connnunication  from  the  external  saphenous  vein,  and 
ascends  from  the  back  of  the  thu^h  alon^  it.s  inner  side  to  terminate  in  the  long  sapbenons 
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vein  almost  opposite  the  termination  of  the  external  superficial  femoral  vein.     The  last 
tributaries  to  enter  the  long  saphenous  vein  are  the  superficial  circumflex  iliac,  epigastric, 
and  pudic  veins.     They  accompany  the  corresponding  arteries,  and  terminate  in  the  long 
saphenous  vein  immediately  before  the  latter 
vessels  perforate  the  cribriform  fascia. 

The  superficial  circumflex  iliac  vein  receives 
blood  from  the  lower  and  outer  part  of  the 
abdominal  wall  and  the  upper  and  outer  part  of 
the  thigh.  The  superficial  epigastric  vein  drains 
the  lower  and  inner  part  of  the  abdominal  wall, 
and  the  superficial  pudic  vein  receives  blood  from 
the  dorsum  of  the  penis  and  the  scrotum  in  the 
male,  and  from  the  labium  majus  in  the  female. 

The  external  or  short  saphenous  vein 

(v.  saphena  parva)  is  formed  by  the  union 
of  the  outer  extremity  of  the  dorsal  venous 
arch  with  the  outer  dorsal  digital  vein  of  the 
little  toe.  At  first  it  passes  backwards  along 
the  outer  side  of  the  foot  and  below  the 
external  malleolus,  lying  on  the  external 
annular  ligament  in  company  with  the 
external  saphenous  nerve;  then  it  ascends 
behind  the  external  malleolus,  and  along  the 
outer  border  of  the  tendo  Achillis,  still  in 
company  with  the  external  saphenous  nerve, 
to  the  middle  of  th6  calf,  above  which  it  is 
continued  in  the  superficial  fascia,  accom- 
panied by  the  superficial  sural  artery,  to  the 
lower  part  of  the  popliteal  space,  where  it 
pierces  the  deep  fascia,  and  terminates  in  the 
popliteal  vein.  It  communicates  round  the 
inner  side  of  the  leg  with  the  internal 
saphenous  vein,  and  through  the  deep  fascia 
with  the  deep  veins,  and  it  contains  from  six 
to  twelve  bicuspid  valves. 

Tributaries. — It  receives  tributaries  from 
the  outer  side  of  the  foot,  from  the  outer  side 
and  back  of  the  heel,  from  the  back  of  the  leg, 
and  occasionally  a  descending  tributary  from  the 
back  of  the  thigh.  Just  before  it  pierces  the 
popliteal  fascia  it  gives  off  a  small  branch  which 
ascends  round  the  inner  side  of  the  thigh  and 
unites  with  the  internal  superficial  femoral  vein. 
In  this  way  a  communication  is  established  between  the  external  and  intonuil  saj)henous 
veins ;  this  communication  is  frequently  enlarged,  and  not  uncommonly  constitutes  the 
main  continuation  of  the  external  saphenous  vein. 


Fig. 


658. — The  External  or  Short  Saphenous 
Vein  and  its  Tributaries. 


THE  POETAL  SYSTEM. 

The  portal  system  includes  the  veins  which  convey  blood  from  almost  the 
whole  of  the  abdominal  and  pelvic  jiarts  of  the  alimentary  canal,  and  from  the 
spleen  and  pancreas,  to  the  liver.  The  tributaries  of  origin  of  these  veins  agree 
closely  with  the  terminal  branches  of  the  corresponding  arteries.  They  are  single 
vessels,  which  for  some  distance  accompany  the  corresponding  arteries,  and  are 
similarly  named.  The  larger  or  terminal  veins,  however,  leave  their  associated 
arteries ;  the  inferior  mesenteric  vein  joins  the  splenic  vein,  and  the  latter  unites 
with  the  superior  mesenteric  vein  to  form  the  portal  vein,  which  passes  to  the  liver. 
These  veins,  together  with  their  tri))utari(is,  constitute  the  portal  system.  All 
the  vessels  of  this  system  are  devoid  of  valves. 
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The  portal  vein  (veaa  porte)  is  a  wide  venous  channel,  about  tlirw  tndktf 
long,  which  couveyn   blood  from  the  stomach,  from  the  whole    af  iht^  intcftitbe, 
except  the  terminal  portion  of  the  rectum,  and  from  the  epWii  and  pcuic  reu  Vi^ 
the  Over.     Unlike  other  v<;inB,  it  tmih  like*  iin  artery  hy  brertki 
which  ultimately  terminate*  in  capillaries  iu  the  substance  of  t.  U 

|)Ortal  Ciipillaries  the  hepatic  veins  (p,  892),  which  also  receive  the  hlocxt  tx>rji>y*^I 
to  the  liver  by  the  he|mtic  artery,  arise ;  and  as  these  open  ixiLu  the  iui'mur  ¥^m 
C4iva,  the  portal  blood  ultimately  reaches  the  general  systemic  oirctiliittaa 

The  |3ortal  vein  commences  hy  tlie  union  of  tht^  Ruj»erior  mes^tDteric  ami 


L'ynUct  Veiti 


PurUl  **'(iJ 


i|jc»ciiv«ii1<i'  far II 
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Flo,  653, — The  I'mnAL  VkT5  asti  tta  TRiBUTAflTte. 


Splenic  VBUHA  behind  and  to  the  left  of  the  neck  of  tlie  panerna^,  und  rrlirr  in  I 
front  uf  the  left  border  of  the  inft trior  vena  ciiva,  at  the  level  <jf  the  Lht 

fimt  lumbar  vertebra,  or  in  front  of  the  upturned  extreuiity  cif  the  Im^vi   r  ttiao  | 
of  the  he4id  of  the  panereaii.     It  ascends  Id  front  o!  the  iufenor  vettJt  cnsik  ttiwl 
behind  the  neek  of  the  pancrejii^  and  the  tirat  part  of  t!ie  du"* 
border  of  the  furamen  of  Win»low,  where  it  ptisse^  forwardH,  in  I  [ 
ga.Htric  fold  of  peritotHnun,  and  enters    tlie    lower    Ixjrder   of   lli 
omentum;  continuing  ita  upward  courne^  it  Ue^  behind  the  comiin 
he|)atic  artery,  and  in  front  of  the  foramen  of  Winslow;  it  nltim  ■ 
right  end  of  the  traUHVcrso  ti^ssure  of  the  liver,  where  it  cndn  by  m 
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,ud  wide  right  and  a  longer  and  narrower  left  branch.      Just  before  its 

ition  it  enlarges,  forming  the  sinus  of  the  portal  vein. 

)  right  branch  generally  receives  the  cystic  vein  and  then  enters  the  right  lobe 

iver,  in  which  it  breaks  up  into  numerous  branches  which  terminate  in  the 

iapillariea  round  the  periphery  and  in  the  substance  of  the  liver  lobules. 

)  left  branch  runs  from  right  to  left  along  the  transverse  fissure,  giving  off 

9s  to  the  Spigelian  and  quadrate  lobes ;  it  crosses  the  longitudinal  fissure, 

is  in  a  similar  manner  to  the  right  branch,  but  in  the  substance  of  the 

e  of  the  liver. 

it  crosses  the  longitudinal  fissure,  the  left  branch  of  the  portal  vein  is  joined 

b  by  the  round  ligament  of  the  liver,  a  fibrous  cord  wliich  is  the  remains  of  the 

ibilical  vein  of  the  fcetus ;  and,  somewhat  to  the  right  of  the  attachment  of 

Liud  ligament   anteriorly,  a  fibrous  cord  springs  from   it   posteriorly   and 

ta  it  with  the  upi>er  part  of  the  inferior  vena  cava ;  this  cord  is  the  remains 

ductus  venosus,  a  blood-vessel  of  the  fcetus,  through  which  blood  coming 

:ie  ])lacenta,  by  the  umbilical    vein,  passed   into   the    inferior  vena   cava 

b  going  through  the  liver. 

I  portal  vein   is  accompanied   by  numerous   lymphatic   vessels,  and  it   is 

ided  in  the   gastro-hepatic   omentum  by  filaments  of  the  hepatic   plexus 

es. 

butaries. — Soon  after  its  formation  the  portal  vein  receives  the  coronary  and 
veins,  and  the  cystic  vein  opens  into  its  right  branch. 

coronary  vein  (v.  coronaria  ventriculi)  commences  in  the  gastro-hepatic  omentum 
union  of  tributaries  from  both  surfaces  of  the  stomach.  It  runs  to  the  left 
the  layers  of  the  gastro-hepatic  omentum,  and  along  the  lesser  curvature  of  the 
,  with  the  corresponding  artery,  to  the  oesophagus,  where  it  receives  oesophageal 
ies.  It  then  turns  backwards  in  the  left  pancreatico-gastric  fold,  and  reaches  the 
r  wall  of  the  abdomen,  where  it  again  changes  its  direction  to  nm  from  left  to 
9hind  the  lesser  sac  of  the  peritoneum,  to  the  right  pancreatico-gastric  fold,  at  the 
which  it  opens  into  the  portal  vein. 

pyloric  vein  (v.  pylorica)  is  a  small  vessel  which  is  formed  by  the  union  of 
ies  from  the  upper  parts  of  both  surfaces  of  the  stomach.  It  runs  from  left  to 
jug  the  right  portion  of  the  lesser  curvature,  between  the  layers  of  the  gastro- 
oniciitum,  and  terminates  in  the  portal  vein,  after  that  vessel  has  entered  the 
epatic  omentum. 

cystic  vein  (v.  cystica)  is  formed  by  the  union  of  tributaries  which  accompany 
iches  of  the  cystic  artery  on  the  upper  and  lower  surfaces  of  the  gall-bladder ;  it 
along  tiie  cystic  duct  and,  as  a  nde,  terminates  in  the  right  branch  of  the  portal 

The  Mesenteric  and  Splenic  Veins. 

superior  mesenteric  vein  (v.  mesenterica  sui)erior)  commences  in  the  right  iliac 
connexion  with  the  lower  part  of  the  ileum.  It  ascends  along  the  right  side  of 
:?ri()r  mesenteric  artery  in  the  root  of  the  mesentery,  forming  a  curve  with  the 
by  to  the  left. 

t  ascends  it  passes  in  front  of  the  right  ureter,  the  lower  part  of  the  inferior  vena 
le  third  part  of  the  duodenum,  and  the  lower  part  of  the  head  of  the  pancreas ; 
ter  passing  behind  the  root  of  the  transverse  mesocolon,  it  terminates  behind 
k  of  the  pancreas  by  uniting  w^ith  the  splenic  vein  to  form  the  portal  vein. 

ributaries  c'nrrcs}>oud  with  tlie  braiiclieii  of  the  superior  mesi'utttric  artery.  It  is  foriniHl 
luiou  of  the  ilco-cjpral  and  appendicular  veins.  In  front  and  towards  the  left  side  the 
i«'s  (vv.  intt^stinales)  from  Ix^tween  the  folds  of  the  mesentery  enter  it;  the  right  colic 
-colir-  vi-ins  enter  its  rif(lit  side  ;  the  middle  colic  vein  joins  it  in  front  at  the  lower  border 
ic^kI  of  the  paiicrefis,  and  cloS(»  to  its  termination  it  re<*eives  the  right  gastro-epiploic 
pjincreatico-auodenal  veins. 

right  gastro-epiploic  vein  (v.  gfi8tro-ei)iploica  dextra)  runs  from  left  to  right  along  the 
[)rder  of  tln^  stomach,  and  between  the  two  ant<.^rior  layers  of  the  great  omentum.  It 
tributaries  from  lx)th  surfact^s  of  the  stomach,  and  near  the  pylorus  turns  backwards  in 
it  iwincreati«o-g.'istric  fold  of  peritoneum,  pjissej^  behind  the  neck  of  the  pancreas,  and 
the  superior  mesenteric  vein. 

pancreatico-duodenal  vein  receives  tributaries  (vv.  pcincreatico-drnxlenalis)  from  the  head 
uu-reas  and  tin.*  adjacent  parts  of  the  duodenum  ;  it  ascends  along  the  superior  pancreatico- 
l*arterv,  and  terminate^s  in  the  upper  part  of  the  superior  mesenteric  vein. 
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The  splenic  vein  (v.  lieimlis)  is  formed  by  the  union  of  five  or  six  tributaries  which 
issue  fr«)iii  the  hiluni  on  tiic  anterior  surface  of  the  spleen.  It  {lasses  ViackiaF> 
and  inwards  in  the  lieno-renal  ligament  to  the  kidney,  then  turning  to  the  right  it  rci- 
behin<l  the  upper  border  of  the  pancreas  and  below  the  splenic  artery  ;  it  crosses  the  fpic: 
of  the  alHlominai  aorta,  immediately  below  the  origin  of  the  cceliac  axis,  and  teniiiiiate. 
behind  the  neck  of  the  iKincreas,  by  joining  the  superior  mesenteric  vein  to  form  i\.-i 
pf»rtal  vein. 

Tributaries. —It  receives  tlic  vasa  hrevia  or  giu<trio  veins,  the  left  gastru-epijiloi*  viii. 
tlni  j»aiirn-atii-  Vfiiis,  and  tin*  iiift'rior  inestrnteric  vein.  0<ra«?innany  the  <roronary  vrin  t-r- 
niiiiati'S  ill  il. 

The  vasa  brevia  ur  gastric  veins  (vv.  t^'astricai  breves)  are  a  .s«ri(«  of  .^mall  vviiijU's  tliauii'i- 
wlii<li  gather  hUytA  from  the  region  of  the  left  portion  of  the  great  ourvatnri*  'if  the  sU'ina. 'i. 
till  V  j)a<s  barkwaixls  towanl-s  the  spleen  in  tlie  gastro-splenic  omentum,  and  tf*miinat^  eitht-r  ii 
till*  trunk  i)f  the  spli-ni**  vein  or  in  one  of  it«  main  tributaries. 

The  left  gastro-epiploic  vein  runs  fn)m  right  to  left  along  the  lower  liorrler  r»f  the  ^Kiiu*-; 
])irtween  the  layers  uf  the  gruat  omentum.  At  the  left  extn^mity  of  the  stoniarh  it  enters  ?1> 
i^astrfi-spienic  omentum,  through  whi<'h  it  passes  towards  the  hilum  of  thi^  spleen,  and  it  t*-r 
minates  in  thu  commencement  of  the  splenic  vein.  It  receives  trihut^iriej*  from  botli  siirf*r«  -f 
the.  stomaeh. 

The  pancreatic  veins  issue  from  the  substance  of  the  pancreas,  and  terminate  directly  in  iL- 
sj»lenic  vein. 

The  inferior  mesenteric  vein  (v.  mesentericA  inferior)  eonnnences,  as  the  sui»erior  h^iur- 
j'hnidal  vein,  in  the  venous  plexus  which  lies  l»etween  the  muscidar  and  mucou.4  c«vit*»  (if  \h 
re«  tum.  Tile  superior  hsmorrhoidal  vein  (v.  ha^morrhoidalis  superior)  drains  the  greater  ihirt  -f 
the  ]»liM>l  fium  the  htemorrhoiflal  plexus,  through  whii'h  it  commimicates  with  the  niiiMie  ail 
inferior  ha-iiiorrimidal  veins.  Ita-^c^ends  in  company  with  the  superior  hiemorrhoidnl  art«rry.  abI 
hetwe.eu  the  lavei-s  of  the  nieso-rectum,  to  the  brim  of  the  j)elvis,  when^  it  |»ai*s»^  in  fnint  df  lli* 
left  common  iliac  artery  and  becomes  the  inferior  mesenteric  vein. 

Tlie  infeiior  mesenteric  vein  runs  upwai-ds  on  the  left  of  the  atjrta,  I>ehind  the  peritiini-niu. 
and  in  front  of  the  left  psoas  muscle  and  the  left  si>ermatic  artery.  Near  its  t4*rminatii>ii  if 
«russe-s  in  front  of  the  left  renal  vein,  and,  passing  Wlnud  the  body  of  the  ^lancreas,  i-nd.*  in  tli* 
sjih^nic  vein.  Oirasionally  it  terminateij  in  the  angle  of  union  of  the  sujieriur  me>entenr  av: 
sj)lenic  Vein."*. 

Tributaries.  -In  addition  to  the  superior  hasmoiThoidal  vein,  of  wbi«'h  it  is  tlie  direct  lU- 
tinuatit^i,  the  inferior  mesenteric  vein  receives  sigmoid  tribntaries  (vv.  sigmoi(be)  fn»m  tht  ilii- 
and  pelvic  colon,  and  the  left  colic  vein  fi"om  the  descending  colon  and  sjdenic  fiexure. 

THE   LYMPH   VASCULAR   SYSTEM. 

The  v(.\s.suls  of  the  lymph  vascular  system  (vasa  lymphatica)  cuutaiD  h  aduiirleff 
fluid,  rich  in  white  corpuscles,  called  lymph.  In  many  respects  they  resemble  bIoi>l- 
vcs.sels,  e.si»ecijilly  the  veins ;  but  unlike  veins  they  communicate  with  int^rcelluLir 
spares  and  with  serous  siics,  and  their  continuity  is  interrupted  by  interposed  nodular 
ai^^gregatioiis  of  lymph  tissue  which  are  known  as  lymph  glands  (lymph oglandular). 

Lymi)h  is  collected  in  intercellular  spaces  from  which  lymph  capillaries  arise; 
the  latter  terminate  in  lym]>hatic  vessels,  which  unite  together,  forming  larger 
vessels ;  and  ultimately  two  terminal  trunks — viz.  the  thoracic  dact  and  the  rigiit 
lymphatic  duct — o[>en  into  the  venous  system,  at  the  commencement  respectively 
of  the  hd't  and  right  innominate  veins. 

There  are  no  outgoing  vessels,  but  it  is  customary  to  speak  of  afferent  (vasi 
alferentiaj  and  elTerent  (vasa  effereqtia)  lymphatics  with  reference  to  vessels  which 
enter  or  leave  the  interi)osed  lymph-glands. 

Lynii)li  vessels,  and  the  spaces  in  wliich  they  commence,  merely  collect  and 
(M)nvey  lymph.  The  lympluitic  glands  act,  in  part  at  least,  as  filters,  and  possibly 
also  s()]in;  of  the  white  corpuscles  are  formed  in  them. 

The  greater  part,  if  not  the  whole,  of  the  lymph  of  the  body  passes  tlirough  one 
or  more  of  the  lym|>h  glanils  before  it  reaches  the  blood  vascular  system. 

Lymphatic  spaces. — Lymph  sj)aces  are  simply  intervals  or  cleft-s  iu  connective 
tissue.  The  larger  spaces  are  lined  by  a  layer  of  flattened  endothelial  cells,  with 
sinuous  outlin«!S,  similar  to  tlie  cells  of  the  lymi.>hatic  capillaries;  but  the  smaller 
sj»aces  have  no  endothidial  lining,  and  they  are  limited  only  by  the  cells  of  the 
tissue  in  which  they  lie.  Tht;  precise  nature  of  the  communications  between 
}yiii]»halic  spuces  and  lymph  c^ipillaries  has  not  been  definitely  ascertained ;  but 
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idoubtedly  lymph  passes  from  the  spaces  into  the  capillaries,  and  probably  it 
>e8  so  because  the  spaces  and  vessels  are  directly  continuous. 

As  alternative  explanations,  it  may  be  suggested  either  that  the  passage  is  due 
the  existence  of  stomata  in  the  walls  which  separate  spaces  from  the  capillaries, 
that  it  may  be  due  to  transudation  through  intervening  tissues. 

Ljrmph  capillaries. — Lymph  capillaries  are  not  only  much  larger  and  more 
regular  than  blood  capillaries,  but  they  are  also  larger  than  the  lymphatic  vessels 
Xo  which  they  open.  They  are  lined  by  a  single  layer  of  endothelial  cells  which 
)ssess  very  sinuous  outUnes ;  apparently  they  are  in  direct  structural  continuity 
ith  lymph  spaces,  and  they  anastomose  freely  together,  forming  plexiform 
byrinths. 

Ljrmphatic  vessels. — The  smallest  lymphatic  vessels  are  much  narrower  'in 
ilibre  than  the  lymph  capillaries  with  which  they  are  continuous.  Their  walls 
msist  of  an  internal  lining  of  endothelial  cells  of  fusiform  shape  and  regular 
Litline,  and  an  outer  layer  of  fine  connective  tissue.  They  are  provided  with 
umerous  valves,  and  when  distended  have  a  beaded  appearance. 

The  larger  lymph  vessels  possess  three  coats  —  (1)  An  internal  coat  (tunica 
iterna),  formed  by  a  layer  of  endothelial  cells,  of  fusiform  shape,  and  of  regular,  but 
nuous,  outline.  (2)  A  middle  coat  (tunica  media)  of  unstriped  muscle  fibres, 
rranged  for  the  most  part  circularly,  but  some  of  them  run  obliquely  or  longi- 
idinally.  The  interspaces  between  the  muscle  fibres  are  filled  with  a  fine  con- 
ective  tissue.  (3)  An  outer  coat  (tunica  externa)  of  mixed  white  fibrous  and 
lastic  tissue,  which  is  not  sharply  separated  from  the  middle  coat  on  the  inner 
ide  or  from  the  surrounding  tissues  on  the  outer  side.  It  may  also  contain  a  few 
Qstriped  muscle  fibres.  In  the  largest  vessels  the  two  outer  coats  consist  prin- 
Lpally  of  muscle ;  they  are,  therefore,  very  friable. 

All  the  large  vessels  are  provided  with  numerous  bicuspid  valves,  which  are 
Drmed  by  folds  of  the  inner  coat ;  and  as  the  lumina  of  the  vessels  are  enlarged 
list  beyond  the  attachments  of  the  valves,  the  vessels  assume  a  characteristic 
eaded  appearance  when  they  are  distended. 

Lymphatic  vessels  anastomose  freely  together,  and  the  majority  form  communi- 
ating  channels  between  dififerent  groups  of  lymphatic  glands,  leaving  the  more 
istal  glands  as  efferent  vessels  and  entering  the  more  proximal  glands  as  afferent 
essels.  Some  of  the  lymphatic  vessels,  however,  are  afferent  only;  they  simply 
lirry  lymph  from  the  periphery  to  the  nearest  glands ;  whilst  others,  which  carry 
jrmph  from  the  last  set  of  glands  to  the  terminal  trunks,  are  efferent  only. 

The  lymphatic  vessels,  unlike  the  veins  which  they  usually  accompany,  do  not 
icrease  greatly  in  calibre  as  they  converge  towards  their  terminations ;  they  often 
ranch,  and  they  frequently  anastomose  together.  In  certain  places,  particularly 
le  central  nervous  system  and  the  spleen,  lymph  capillaries  or  even  lymphatic 
essels  completely  ensheath  the  smaller  blood-vessels,  forming  perivascular 
nnphatic  spaces. 

A  precise  knowledge  of  the  afiferent  and  efferent  lymph  vessels,  and  of  the  several 
roups  of  glands  which  are  interposed  between  them,  is  of  the  greatest  practical 
nportance ;  both  infective  micro-organisms  from  injured  and  inflammatory  areas 
nd  detached  cells  from  malignant  tumour  growths  not  unfrequently  travel  by 
fferent  lymphatics  to  the  nearest  glands  where  they  may  be  arrested,  in  which 
ise  micro-organisms  may  excite  secondary  infective  inflammation,  whilst  cells  of 
lalignant  growths  may  form  secondary  growths  (metastatic  growths)  of  similar 
ature  in  the  glands. 

It  is  therefore  essential  that  the  pathologist  should  be  well  acquainted  with 
he  anatomy  of  the  pathways  which  convey  lymph,  with  the  glands  associated 
irith  any  given  area,  and  also  with  the  communications  between  adjacent  glands. 

Ljnnphatic  glands. — Lymphatic  glands  are  globular,  ovoid,  flattened,  or 
rregular  bodies,  and  each  gland  presents  a  localised  depressed  area  which  is  known 
s  the  hilum.  They  vary  considerably  in  size,  some  being  no  larger  than  a  pin's- 
lead,  whilst  others  are  as  large  as  a  bean.  In  colour  they  are  usually  grayish  pink, 
•ut  the  tint  varies  with  the  position,  vascularity,  and  state  of  activity  of  the  gland. 
^.he  glands  of  the  lung  are  generally  blackened  by  the  deposition  of  carbowaa^oviA 
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iiiai«Ti;iI  ill  tln-ir  sulisrum-f\  ami  those  of  the  liver  und  spleen  have  fraqmllri 
lunwni-sh  hut.'.  Th».'  ^^'laiiils  of  the  niosenterv  are  ereaiiiy  or  white  whilst  tk ckylr 
i^  M|iiilly  ].;issiiii;  thnnigh  thuin,  Iml  when  the  absorption  of  food-material  ip« 
\h*'  iiitestiiiM  (.•eas*?^  they  heciniie  a  rosy  pink. 

Structure  of  Lymphatic  Glands. — Lyuiiilifitic  ^^'lainls  rnnsist  <if 'I;  a  >kcl»-ton  or  rrini-v/i 
2   Ivinnli  -iii;>fs  aii'l   3   lyinpli  fiillirlvf*  ana  oonis. 

1    Tin*  skeleton  (*v  fraiii^wrirk  consists  of  a  capsule  anri  of  jn-iiiiary,  ?«»i:uiifiirv.  atA  >nix^ 
trabecalx. 

Tin;  nifioif'  i-i  f'Hiiif«l  i.if  wliite  fibKius  tissut'  inter>*jHfrstMl  with  trla.^ti*.*  filirvs,  Hn«l  in  i^-nn -Art 
wiili  unMrii»«-.l  mii^iMlar  til»iv>. 

TU*'  priniiinj  fniho'iilir  spring  fp>iii  thiMli'«-|>  •jurfaw  of  the  caj»suK'  and  r.vlialo  I'-waM- :fe 
liiliiiii,  whriir  tln-v  anar-roiiin.s'  toi,'i.-i)ii-r  ami  Ih-i.-ohu'  aj,'ain  coiitinuoiis  witli  the  iaj»--il' ;  ;lw 
'li\  i«i.-  till*  intt'i'ior  of  tli«^  j,'lanil  into  IoIh's.  When:  tliey  spring  from  th<?  caj*?!!!--  tVv  i?: 
tlatti-Ti«"l,  Imt  a-  tln-v  aj»jir'»ai"h  tlif  «vntrr  of  the  j^lanrl  thfV  lit^romi*  rouiid«il  ;  th«-ir  ■iTru«tu>  » 
til*-  sann-  a-  that  nf  tli*-  iai».-«ul»%  an<l  fnan  thi-ir  ?-iirfao»'.s  tin-  st*cijudary  tralifciihi'  are  jri^vt  -i 
Tin-  .<t,;,,nhtni  frnfi*riifti\  springing  fii»ni  tin*  surfa'.H'S  of  tlie  primary  iniln^t-'nlrf-,  <■:'•-'  vj 
\ym\th  >inii-«-.  and  rntt-r  tho  Iyni]>li  I'oi^ls  and  folliclos  whoiv  they  t«:'rniinHt«»  liy  divi-liiie-r.- 
tiTtiaiv  iralH*  iibtf.  A>  tln:*v  cross  tlie  lyinf)]!  siniist's  tht*v  anitstonuk^e  friHrly  tog^rlhor,  f'^riiia:* 
fin»-  nii-sli-uork  tliifiiigli  wliich  tln^  lynij>h  jwis^-s;  in  its  ornirse  from  the  afferent  l«»  iL^?  »-f^>ti 
\-i-»i-K.  Tin*  si'.'i»n'lary  traU-iMil;p  consi^it  of  tim-  strands  of  filming  tisixiie  ch'vui<i  of  nu-.liu aa-L 
ilifir  .-urfai'»->  aii-  rown-d  with  «-ndoth»-Hal  evils.  Tin*  tertianf  tralnrcultr  arv  fint-r  an«l  t*« 
dflji-atir  than  tin-  s«'i;nn«lary  tralwi.uljo,  from  the  ti'rniinalions  of  which  they  sprinp.  l>'ti  il-r 
liav«-  a  >iniilar  >trii''turt\  Tlivy  anastonir)^*?  iog»'tlu*r,  forming  a  fine  network  in  tht-  lyiii|-L  ■.'■?> 
and  tullirlr.-.  and  tlif*  space's  of  the  network  are  tillnl  with  lymph  corpii*vlci»* 

•2.  Till'  lymph  sinuses  lit*  iM-m-ath  the  capsule  and  around  the  primary  tralx^ulie  w'.ii •- 
furm  thi-ir  Ijnundarirs  on  one  side,  whilst  on  the  other  they  aiv  liniitt^i  by  the  lynipli  mop 
and  l'olli«-l«->.  They  an-  traverso^l  hy  the  secondary  tmlx^cuhe,  ami  tlntir  o]lanIleI^  aiv  Vj^ 
ecmvirrti'd  into  a  kind  of  sponge-work  through  which  the  lymph  i*tri?nm  flr»ws.  In  the  jj^riflersl 
or  cortii-al  parts  suhstantia  curticalisi  of  the  glands  they  form  mon*  or  If.'Sis  oylindrii^-d  cbiiiTir'A 
])iit  lowanls  tin-  ci-ntral  or  medullary  parts  .'sulistantia  mwlullaris)  and  near  the  hiliim  tL^T 
Imm-omh-  nmniliforni.  Afleivnt  vessels  I'vasa  afterentia)  enter  the  sinn.**es  which  lie  iiiiniKiairT 
In-neat h  the  fjip-:iile  at  various  j»oints,  whilst  the  effeivnt  vcss^'ls  (vafVi  efft.*reiiti.i;  enierpr  .!•■* 
tr»getlier  at  the  hilum. 

■'3,1  The  lymph  follicles  and  cords  are  interj)osed  Wtween  the  lymph  siniij^es.  Th^'V  '.""Dirf 
of  dense  masses  of  Iym])hoid  cells  eniln'ddiMl  in  a  .stroma  forme*.!  hy  the  tertiary  tralietuU*.  Ttr 
folliili-s  and  nnfis  an*  quite  similar  in  structui'e,  1ml  the  follicles  are  large  iiiaAs<'.s  whi«.li  iLTcr- 
vi-ne  h«-tw»*en  the  sjnuses  in  the  cortt-x  of  the  gland,  an«l  the  cord*  arv  roiindt^I  and  irn-iilir 
strand-  whi«h  lii-  IjiMwei-n  the  m<»niliform  sinuses  of  the  medullary  porticm  of  the  gland. 

ll  i>  generally  Iwdieve*!  that  the  lymjih  cori»uscles  in  the  follicles  and  corrls  are  white  li^fl 
corjMir-rh-s  undergoing  proliferation.  If  this  lH*lief  is  well  foundwl,  lymph  gland.s  nuist  l^e  l<>.'k^ 
up' Ml  a-i  om-  of  the  sriurces  from  which  white  corpuscles  aiv  derived. 

The  lymph  glands  are  enibe(hh»d  in  the  connoctivt*  tissues,  some  lying  super- 
tieially  iti  the  flulx'ntaneous  tissues,  but  the  majority  more  deeply  and  usually  a; 
th(*  si(h*s  of  the  groat  hlood-vessels.  As  a  rule  they  are  arranged  in  groui*  (^ 
from  two  to  fifteen,  hut  a  few  of  those  which  lie  in  the  subcutaneous  tissues  are 
solitary. 

They  Wmn  centres  to  wliich  afferent  lymphatic  vessels  converge,  and  f^>Cl 
wliit  h  elVerent  vessels  i)ass  onwards  to  the  larger  lyniidi  channels. 

The  student  should  therefore  ac([naint  himsidf  with  the  A'arious  gpouifc*  "f 
glands,  with  their  aflen^nts  and  efVerents,  and  with  th«?  exact  position  and  relatior^ 
of  the  large  lymphatic  trunks:  he  will  then  he  in  a  position  to  understand  ihf 
course  which  minute  organisms  or  ]>articles,  which  liave  gained  access  to  the  lymph 
Sluices,  may  take  as  they  are  (?;irried  in  tlie  lymph  stream,  and  he  will  reali.se  that 
siudi  structures  may  either  l)e  entangled  in  the  glands  through  which  the  lyinpb 
im^ses,  r»r,  having  es<!a])cd  all  ohstructicms,  tliat  they  will  finally  enter  the  veiu.sat 
the  rnni  of  the  neck.  At  the  saiuo  time,  if  he  hears  in  miml  the  existence  hI' 
the  nuuKMons  anfistomoses  h(»twe.en  the  lymphatic  vessels,  he  will  have  no  ditliculty 
in  appn*('iatiiiu'  that  variations  fn»m  any  regular  course  may  not  infreiiueiillT 
occur,  and  iiis  clinic-al  experience  at  a  later  ]>eriod  will  show  that  such  variation-^ 
are  Ky  im  means  uncoinm(ui. 

THE   TKUMINAJ.   LVMPH   VESSEI^. 

The  tiM'Miinal  lymph  vessels  are  the  thoracic  duct  and  the  right  lsriii]iluitie  duel 
Thoracic  Duct.  —  Tlio  thoracic  duct  (ductus   thoracicus)  is   the  larger  and 
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he  longer  of  the  two  terminal  lymph  vessels.  It  commences  in  the  umbilical 
apion  of  the  abdomen  as  an  elongated  ovoid  dilation — the  receptaculmn  chyli 
sistema  chyli) — which  measures  6  to  8  mm.  (J  to  |  in.)  in  its  broadest  diameter, 
nd  froili  5  to  7*5  cm.  (2  to  3  in.)  in  length.     The  receptacuhim  chyli  lies  between 
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JyniplULtlc  truBkii 
,  060.— Thk  TiiDKACic  Ducr  and  its  Thihutaiues. 

the  aorta  and  the  lower  part  of  the  vena  azy<j;os  major,  under  cover  of  the  right  cms 
of  the  diaphragm,  and  opposite  the  first  and  second  lumbar  vertebrae.  l*assing 
upwards  from  the  receptacuhim,  the  thoracic  duct  traverses  the  aortic  ni)ening 
of  the  diaphragm  and  enters  the  posterior  mediastinum,  through  whicli  it  ascends, 
lying  in  front  of  the  vertel»ral  coUimn  and  to  the  riglit  of  the  middle  line,  to  the 
leveFuf  the  fifth  dorsal  vertebra;  it  then  cvosscs  somewhat  abruptly  from  the  right 
to  the  left  of  the  median  plane,  and  iiscends  tlirough  the  8Ui)erior  mediastinum  to 
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the  root  of  the  neck,  where  it  turns  outwards,  between  the  vertebral  and  common 
carotid  arteries,  to  terminate  at  the  inner  border  of  the  scalenus  anticus  1»t 
joining  the  coniuiencement  of  the  left  innominate  vein. 

Length  and  diameter. — Tiie  total  length  of  the  duct  averages  about  18  inches 
(45  cm.).  It  is  dilated  both  at  its  origin  and  termination.  As  a  rule  it  is 
narrowest  opposite  the  fifth  dorsal  vertebra,  but  its  calibre  is  very  variable,  and 
sometimes  the  thoracic  portion  is  broken  up  into  a  series  of  anastomosing  channels. 
Tlie  widest  portion  of  the  tube  is  usually  the  receptaculuni,  but  occasionally  i\m 
dilatation  is  entirely  absent.  The  duct  is  provided  with  several  valves,  forme*!  bv 
semilunar  folds  of  the  inner  coat,  arranged  in  pairs,  and  the  most  perfect  of  these 
is  situated  at  the  orifice  of  communication  with  the  innominate  vein. 

Relations. — In  the  abdomen  the  receptaculum  chyli  Hes  in  front  of  the  upper  two 
huubar  vertebrtO  aud  the  corresponding  lumbar  arteries,  between  the  aorta  on  the  left  and 
tiie  vena  azygos  major  and  the  right  crus  of  the  diaphragm  on  the  right.  In  the  pf>steric>r 
iiiediastiimin  the  thoracic  duct  is  separated  from  the  vertebral  column  and  the  anterior 
couuuou  ligament,  by  the  right  aortic  intercostal  arteries  and  the  transverse  ]uirt8  of  the 
small  azygos  veins ;  it  is  covered  in  front  in  the  lower  part  of  its  extent  by  the  riiAi 
pleural  sac,  and  in  the  upper  part  by  the  oesophagus ;  to  its  right  is  the  veiui  azvgo* 
major,  antl  to  its  left  the  descending  aortii.  In  the  superior  mediastinum  it  passosi  for- 
wards  from  the  vertebral  column,  and  it  is  separated  from  the  left  longus  colli  nmsck-  h\ 
a  mass  of  fatty  tissue  ;  the  oesophagus  lies  in  front  of  it  in  this  region,  but  the  left  mar^nn 
of  the  duct  projects  beyond  the  a^sophagus,  and  is  in  relation  in  front,  and  from  below 
upwards,  with  the  termination  of  the  arch  of  tlie  aorta,  the  left  sul)claviau  artery  and 
the  pleura.  As  the  duct  enters  the  root  of  the  neck  it  passes  behind  the  left  coimncio 
carotid  artery,  whilst  to  its  right  aud  somewhat  in  front  is  the  oesophagus,  aud  the  left 
pleura  is  still  in  association  with  its  left  border. 

At  the  root  of  the  neck  it  arches  outwards  above  the  apex  of  the  pleural  sac  and  the 
first  part  of  the  left  subclavian  artery.  It  passes  in  front  of  the  vertebral  artery  and 
vein,  the  roots  of  the  inferior  thyroid,  transverse  cervical,  and  suprascapular  arteriet».  the 
inner  border  of  the  scalenus  anticus  and  the  j)hrenic  nerve,  and  behind  the  left  camtid 
sheath  and  its  contents. 

Tributaries. — The  receptaculum  chyli  commonly  receives  six  tributarief. 
(1)  The  common  intestinal  or  pre-aortic  lymphatic  trunk  (tmncus  in testinalis),  which 
is  formed  by  the  efferent  of  the  coeliac  and  upper  pre-aortic  glands,  and  conveys 
lymph  from  the  lower  and  anterior  part  of  the  liver,  the  stomach,  the  small 
intestine,  the  spleen,  and  the  pancreas.  (2)  Two  common  lumbar  or  lateral  aortic 
lymphatic  trunks  (trunci  lumbales),  one  on  each  side;  they  are  formed  by  the 
etierents  of  the  lateral  aortic  glands,  and  are  sometimes  joined  by  efTerents  of  the 
retro-aortic  glands ;  they  carry  lymph  from  the  lower  extremities,  from  the  deep 
portions  of  tlie  abdominal  and  pelvic  walls,  the  large  intestine  and  the  pelvic  viscera, 
and  from  the  kidneys  and  suprarenal  capsules.  (3)  A  retro-aortic  trunk  from 
the  retro-aortic  glands  (see  p.  922);  and  (4)  Two  descending  Ijrmphatk 
trunks,  one  on  each  side,  each  of  which  is  formed  by  the  efferent  vessels  from  the 
corresponding  lower  intercostal  glands  ;  these  descend  to  the  receptaculum  through 
the  aortic  opening  of  the  diaphragm.  Occasionally  they  unite  to  form  a 
single  trunk. 

In  its  course  through  the  posterior  mediastinum  the  thoracic  duct  receives 
efferents  from  the  upper  and  back  part  of  the  liver,  and  from  the  posterior 
mediiistinal  and  resophageal  glands. 

In  the  superior  mediastinum  the  vessels  which  opem  into  it  are  derived  from 
the  upper  loft  intercostal  glands ;  it  also  receives  lymph  from  the  heart  and  lungs 
by  elierents  from  the  left  peritracheo-bronchial  glands  and  the  intertracheo- 
bronchial  glands,  though  as  a  rule  the  lymphatic^s  of  these  glands  unite  with  the 
internal  mammary  lymphatic  to  form  a  common  trunk  which  may  oi>en  either  into 
the  thoracic  duct  or  into  the  innominate  vein. 

At  the  root  of  the  neck,  just  before  its  termination,  it  receives  the  efferents 
from  the  glands  of  the  left  up].)er  extremity,  which  frequently  unite  to  form  a  com- 
mon trunk  (truncus  subdavius),  and  the  left  common  jugular  lymphatic  (trancnfi 
jugularis),  which  conveys  the  lymph  from  the  left  side  of  the  head  and  neck,  tat 
either  or  both  of  these  vessels  may  end  separately  in  the  innominate  vein. 


LYMPHATIC  VESSELS  AND  GLANDS  OF  HEAD  AND  NECK.    909 

Right  Ljrmphatic  Duct. — The  right  lymphatic  duct  is  not  always  present  (ductus 
Ijiuphaticus  dexter,  Fig.  664).  It  is  a  short  trunk,  from  half  to  tliree-quarters  of  an 
inch  (12  to  17  mm.)  in  length,  which  lies  at  the  right'side  of  the  root  of  the  neck  along 
the  inner  border  of  the  scalenus  anticus,  and  it  is  formed  by  the  confluence  of  the 
right  common  jugular  lymphatic  vessel  and  the  efferent  vessels  from  the  glands  of 
the  right  upper  extremity;  it  also  receives  efferents  from  the  intercostal  glands  of 
the  upper  intercostal  spaces  on  the  right  side ;  the  internal  mammary  lymphatics 
and  the  right  efferents  from  the  peritracheo-bronchial  glands  on  the  right  side.  It  thus 
receives  lymph  from  the  right  side  of  the  head  and  neck,  the  right  upper  limb  and 
the  right  side  of  the  trunk,  including  the  upper  part  of  the  thoracic  wall,  the  right 
lung  and  pleura,  the  right  half  of  the  heart  and  pericardium,  the  right  side  of  the 
diaphragm,  and  the  upper  surface  of  the  liver.  As  a  rule  the  right  lymphatic  duct 
is  not  present,  and  the  right  jugular  lymphatic  carrying  the  lymph  from  the  head 
and  neck,  the  right  subclavian  lymphatic  bearing  lymph  from  the  right  upper 
extremity,  and  the  trunk  formed  by  the  fusion  of  the  right  internal  mammary 
lymphatic  and  the  right  efferents  from  the  peritracheo-bronchial  glands,  end 
separately  in  the  upper  part  of  the  right  innominate  vein,  but  any  two  of  the 
three  main  trunks  of  the  right  side  may  unite  together. 

THE  LYMPHATIC  VESSELS  AND  GLANDS  OF  THE  HEAD  AND  NECK. 

The  Ijrmphatic  vessels  of  the  head  and  neck  form  two  groups — (1)  the 
intracranial  and  (2)  the  extracranial 

(1)  The  intrarcranial  lymphatics  are  (a)  the  cerebral  and  (h)  the  meningeal. 

(a)  The  cerebral  lymphatic  vessels  commence  in  the  substance  of  the  brain  as 
perivascular  spaces  round  the  branches  of  the  cerebral  arteries ;  they  accompany 
the  cerebral  branches  of  the  internal  carotid  and  the  vertebral  arteries,  and,  leaving 
the  skull  with  the  main  arterial  trunks  and  the  internal  jugular  vein,  terminate  in 
the  upper  deep  cervical  glands. 

(b)  The  meningeal  lymphatic  vessels  commence  in  the  substance  of  the  dura  mater; 
they  accompany  the  meningeal  blood-vessels,  and  they  terminate  in  the  internal 
maxillary  glands  and  in  the*upper  deep  cervical  glands. 

(2)  The  extra-cranial  lymphatics  are  either  (a)  superficial  or  (ft)  di^p,  and  the 
two  sets  anastomose  freely  together. 

(a)  The  superficial  lymphatic  vessels  commence  in  the  subcutaneous  tissues  and 
superficial  muscles  of  the  face  and  scalp. 

(6)  The  deep  lymphatic  vessels  originate  in  the  walls  of  the  nose  and  month,  in 
the  tonguH,  in  the  walls  of  the  pharynx,  the  oesophagus,  the  larynx  and  trachea,  in 
the  contents  of  the  orbital  and  other  extracranial  fossae,  and  in  the  nmscles,  bones, 
and  ligaments  of  the  neck. 

All  the  extracranial  lymphatic  vessels,  both  superficial  and  deep,  are  afferents 
to  some  of  the  glands  of  the  head  or  neck,  and  their  general  distribution  and 
terminations  are  mentioned  in  connexion  with  the  glands  with  which  they 
are  associated. 

The  Ijrmphatic  glands  of  the  head  include  the  following  :— 

The  occipital  glands  (lymphoglanduhe  occipi tales),  two  <>r  three  in  numl>er 
lie  beneath  the  deep  fascia  of  the  neck  upon  the  upper  part  of  the  trapezius  muscle, 
or,  if  the  trapezius  is  small,  upon  the  upper  part  of  the  complex  us  muscle.  They 
receive  afferent  vessels  from  the  occipital  region  of  the  scalp  and  from  the  super- 
ficial parts  of  the  up|)er  and  })ack  portion  of  the  neck,  and  their  efferents 
terminate  in  the  superficial  and  deep  cervical  glands.  Some  of  the  lymph  vessels 
of  the  occipital  region  pass  directly  to  the  deep  cervical  glands. 

The  mastoid  glands  (lym])hoglandul{e  auriculares  posteriores)  lie  on  the  upper 
part  of  the  sterno-mastoid  muscle  and  on  the  mastoid  portion  of  the  temjwral  bone, 
and  they  are  bound  down  by  a  sheathing  of  deep  cervical  fascia.  They  receive 
afferent  vessels  from  the  posterior  part  of  the  parietal  region  of  the  scalp,  and  from 
the  inner  surface  of  the  pinna;  their  efferents  join  the  superficial  and  deep 
cervical  glands. 

The  sygomatic  or  internal  maxillary  glands  (lymphoglandulse  faciales  yrofund^'^ 
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are  very  variable  both  in  numl)er  and  size ;  they  lie,  in  part  in  association  ^iili 
the  internal  maxillary  artery,  extending  from  the  posterior  part  of  the  bucci- 
nator muscle,  across  the  external  pterj^goid  muscle,  to  the  anterior  j)art  of  the 
wall  of  the  pharynx.  Their  afferent  vessels  are  derived  from  the  orbit,  the 
temporal  fossa,  the  zygomatic  fossa,  the  palate,  the  nose,  and  the  cerebral  meninges. 
Their  efferent  vessels  open  into  the  upi)er  deep  cervical  glands. 

The  parotid  lymphatic  glands  (lymi)hoglandnla3!  auriculares  anteriores),  which 

are  embedded   in  the 
substance     of     the 
parotid    gland,    some 
superficially    immedi- 
ately beneath  the  fasein 
on  the   external  sur- 
face and  others  deeply. 
The  superricia!  receive 
aflferents    from  th«* 
frontal   and  the  tem- 
poral   regions   of  the 
scalp,    from    the  eye- 
brow, the    ui>i>er  and 
lower  eyelids,  the  ujtper 
z  i)art  of  the  cheek,  the 
root  of  the  no:^,  and 
the    outer    surface  of 
the    x^^m^^      Their 
eflferents   jiass  to  the 
superficial  and  the 
upper    deep    ceniLAl 
glands.    The  (/#/;>  ;v/r- 
of  id  lymphatic  planJf 
(lympho  -  glanduk 
parotideae)    lie    along 
the  course  of  the  upper 
l>art   of  the   external 
carotid  artery.     Thev 
receive  afTerents  from 
the   external    meatus, 
the     tym]xinum.    tlie 
soft    palate,   the  pos- 
terior part  of  the  no*, 
and    the   deeper  i»or- 
tions    of    the    chetk. 

Fio.  661.— Lymphatic  Vessels  and  Glands  uf  the  Head  and  Neck.  Their     eiferents    open 
Tilt*  allereiit  vessels  are  shown  in  continnons  lines;  the  efferent  ami  inter-  intO    the     Upper    deep 

■,'lanilular  vessel.s  are  representeJ  !>>  «lott<.'d  lines.  CCrvical      ulands      and 

D.( :.  Deep  cervi.al  glands.                                P.L.  Pne-luryngeal  glands.  they  also  COmmullicate 

B.       Buccal  jrlands.                                             S.       Suhmaxillarv  glands.  -4.1    4-1         ^      A              A 

E.S.    Kxtenial  suh-sterno-niastoid  glands.       S.C.  Superficial  cervical  glands.  '^^'^*'"  "^®  glanOS  rOUUG 

M.     Mastoid  glands.                                         S.M.  Submental  glands.  the    extcmal     juguhr 

O.      Oc(  ij>ital  glamls.                                        T.       Pnt'-tracheal  glands.  vein. 

P.       Superficial  j)arotid  glands.                       Z.       Zygomatic  glands.  mi       -p  -,<   i    /ii     a 

— Several  glands  or  grou]>s  of  glands  have  Ikjcu  found  by  different  ol»sen'ers  iu 
the  tissues  of  the  face.  Those  most  regularly  present  are  the  mandibular  glandi. 
which  lie  close  to  the  I'acial  artery  as  it  crosses  the  mandible  immediately  io 
front  of  the  iiuissoter  muscle.  A  number  of  buccal  glands,  irregular  in  number 
and  size,  are  met  with  on  the  outer  suri'iice  of  the  fascia  covering  the  buccinator 
muscle,  some  near  its  anterior  ]>art  and  others  near  the  j)oint  where  the  buccinator 
is  j)ierced  by  Htensen's  duct.  A  lateral  nasal  gland  is  sometimes  present  in  the 
angle  l)etween  the  ala  of  the  nose  and  the  cheek,  and  an  infraorbital  and  a  malar 
gland  are  descrilied.     These  glaniis  receive  lymph  from  the  tissues  in  their  ini- 
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mediate  neighbourhood,  and  their  efferents  pass  to  the  submaxillary  or  parotid 
glands. 

The  lingual  glands  (lymphoglandulse  inguales)  lie  between  the  genio-hyo-glossi 
muscles  and,  on  the  outer  surfaces  of  the  hyo-glossi  and  genio-hyo-glossi  muscles, 
under  cover  of  the  mylo-hyoid  muscles;  they  are  simply  small  lymphatic  nodules 
interposed  in  the  course  of  the  lymphatics  which  are  passing  from  the  tongue  and 
the  floor  of  the  mouth  to  the  deep  cervical  glands. 

The  Ijrmphatic  glands  of  the  neck  include— 

The  superficial  cervical  Isrmphatic  glands  (lymphoglandulae  cervicales  super- 
ficiales).  These  lie  on  or  are  embedded  in  the  deep  fascia  along  the  course  of  the 
external  jugular  vein,  superficial  to  the  sterno-mastoid.  They  receive  afferent 
vessels  from  the  superficial  tissues  of  the  neck,  the  mastoid,  the  superficial  parotid, 
and  the  submaxillary  lymphatic  glands.  Their  efferent  vessels  terminate  in  the 
upper  deep  cervical  glands  and  the  supra-clavicular  glands. 

The  submaxillary  Ijnnpliatic  glands  (lymphoglandulse  submaxillares)  vary  in 
number  from  three  to  six.  They  lie  under  cover  of  the  deep  fascia  of  the  neck  in 
the  angle  between  the  lower  border  of  the  mandible  and  the  submaxillary  gland, 
and  the  largest  of  the  series  is  usually  situated  near  the  point  where  the  facial 
artery  turns  round  the  lower  border  of  the  mandible.  Occasionally  some  smaller 
gland  nodules  are  found  on  the  deep  surface  of  the  submaxillary  gland,  but  these 
are  comparatively  rare.  The  afferent  vessels  of  the  submaxillary  lymphatic  glands 
carry  lymph  from  the  side  of  the  nose,  the  upper  lip,  the  outer  part  of  the  lower 
lip,  the  anterior  third  of  the  border  of  the  tongue,  the  gums,  the  submaxillary  and 
sublingual  glands,  and  the  adjacent  parts  of  the  floor  of  the  mouth.  The  efferents 
descend  over  the  superficial  surface  of  the  submaxillary  gland,  and  terminate  in 
the  upper  deep  cervical  glands,  more  particularly  in  those  in  the  immediate 
neighbourhood  of  the  termination  of  the  common  carotid  artery. 

The  supra-hyoid  or  submental  glands  lie  immediately  beneath  the  chin  superficial 
to  the  mylo-hyoid  muscles  and  between  the  two  anterior  bellies  of  the  digastric 
muscles.  They  are  apt  to  become  enlarged  in  diseased  conditions  of  the  middle  part 
of  the  lower  lip,  the  adjacent  part  of  the  gums,  the  anterior  part  of  the  floor  of  the 
mouth,  the  tip  of  the  tongue,  and  the  skin  beneath  the  chin,  for  their  afferent  vessels 
drain  those  parts.  The  efferents  from  this  group  of  glands  pass  partly  to  the  sub- 
maxillary lymphatic  glands,  and  partly  to  a  deep  cervical  gland  situated  on  the 
superficial  surface  of  the  internal  jugular  vein  at  the  level  of  the  cricoid  cartilage. 

The  post-pbarsmgeal  glands  lie  behind  the  pharynx  and  in  front  of  the  upper 
two  cervical  vertebrae.  Their  afiferents  are  derived  from  the  nasal  cavities  and  the 
air  sinuses  communicating  with  them,  the  naso-pharynx,  the  Eustachian  tube  and 
tympanic  cavity,  and  the  adjacent  muscles,  ligaments,  and  bones.  Thus  they 
receive  the  lymph  outflow  from  a  large  area  much  subject  to  inflammatory  condi- 
tions, and  on  this  account  they  not  uncommonly  become  infected  and  form  the  foci 
of  post-pharyngeal  abscesses. 

Their  efferents  terminate  in  the  upper  deep  cervical  glands. 

The  anterior  jugular  glands  are  of  small  size ;  they  are  very. variable  and  of  little 
importance.  When  they  are  present  they  lie  along  the  course  of  the  anterior 
jugular  vein. 

The  pre-laryngeal  glands  are  also  very  variable.  When  present  they  lie  in 
the  crico-thyroid  space  between  the  anterior  borders  of  the  crico-thyroid  muscles. 
Their  afiferents  are  derived  from  the  lower  and  middle  parts  of  the  larynx, 
the  upper  part  of  the  trachea,  and  the  thyroid  body.  Their  efferents  as  a  rule 
terminate  in  the  lower  deep  cervical  glands,  but  they  also  anastomose  with  the 
afiferents  of  the  pre- tracheal  glands,  and  occasionally  they  ascend,  and,  uniting  with 
the  lymphatics  from  the  region  of  the  upper  part  of  the  larynx,  they  terminate  in 
the  upper  deep  cervical  glands  in  the  region  of  the  posterior  belly  of  the  digastric 
muscle. 

The  pre-tracheal  glands  are  generally  present,  but  are  small.  They  lie  upon  the 
surface  of  the  trachea,  receiving  afiferents  from  the  trachea,  the  lower  part  of  the 
thyroid  body,  and  occasionally  from  the  pre-laryngeal  glands.  Their  efferents  join 
the  lower  deep  cervical  glands. 
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The    deep    cervical 

under  cover  of  tlie  stemo-mastoid 
and  in  the  i)08terior  triangle  of  the 
neck.  The  former  are  designateti 
sill) -sterno- mastoid  and  the  latter 
supra-clavicular.  They  form  in  reality 
acontinuoussheetof^landularnoduleK 
connected  together  by  vessels,  but  ii 
is  usual  to  separate  them,  on  aocouni 
of  their  positions,  into  those  wliich 
are  sub -sterno -mastoid  and  tliuse 
which  lie  in  the  jKjsterior  trian>jle 
and  are  therefore  8up^a-cla\^cula^. 

The  sub-stemo-mastoid  glands  are 
separable  into  external  and  internal 
chains. 

The  external  chain  of  8ub-8temc»- 
niastoid  glands  lies  l^ehind  the  in- 
ternal jugular  vein  under  cover  of 
the  i)Osterior  l)onler  of  the  stemo- 
mastoid  nmscle  and  on  the  njiUs  of 
the  cervic-al  plexus  of  nerves.  Tlie 
glands  of  this  chain  receive  atlerents 
from  the  occipital,  mastoid,  and  ei- 
ternal  jugular  glands,  from  the  pinna, 
the  posterior  i)art  of  the  scalp  and 
the  adjacent  muscles,  and  the  lone? 
and  skin  of  the  neck.  The  group  i5 
continuous  below  with  the  supra- 
clavicular glands,  and  its  efferents 
terminate  either  in  those  glands  or 
in  the  glands  of  the  internal  8ub- 
sterno-mastoid  chain.  When  they 
become  enlarged  the  external  sub- 
sterno- mastoid  glands  can  be  felt 
and  even  seen  projecting  from  under 
cover  of  the  posterior  border  of  the 
sterno-mastoid. 

The  internal  chain  of  sub-stemo- 
mastoid  glands  extends  along  the  in- 
ternal jugular  vein  from  the  l»ase  ot 
the  cranium  to  the  clavicle,  and  it  fc 
not  uncommonly  spoken  of  as  con- 
sisting of  two  groups  of  glands  which 
are  called  the  upper  and  lower  deep 
cervic^il  glands,  the  former  lying 
above  and  the  latter  below  tlie  level 
of  the  thyroid  cartilage.  There  is. 
however,  no  distinct  separation  l«- 
tween  the  two  groups,  and  thedivi»ion 
is  made  use  of  merely  for  conveniencf 
in  indicating  the  higher  or  lower 
Fiu    66±-sirKKKiciAL  Lymphatic  Vessels   of  the  terminations  of  the  afferent  vessek 

IKUNK,  AND  THE   LyMl'HATlC   GlaNDS  AND  VESSELS— 
SCPEHKK'IVL     AND     DKKI'  — OK     THE     LiMBS     ((liagTaill- 

iiiatii:}.     All  **uiK.Tficial  lymi»hatics  are  printed  black  :  the  lU-ep  lymphatics  throughout  are  i-olouitd  iw 
Afferent  vc^veU  are  reprt»ented  by  continuous  lines  ;  efferent  ami  iuterglaiidular  vesMls  by  dotted  hflts. 

A. A.  Anterior  axillary  glands  E.A.  External  axillary  glands*.  P.A.  Posterior  azilUry  gbvl-^ 

A,U.  Ante-cubital  Klands.  I.  Inguinal  glands.  S.C.   Supra-trochlear  glands 

A.I.  Anterior  tibiid  Klands  I.C.  Infra-clavicular  or  subclavian  glands.  S.F.   BuperAcial  femoral  ghad*- 

D.F.  Deep  femoral  glands.  P.  Pubic  glands.  U.     UrethnU  lynphatki. 


LYMPHATIC  GLANDS  AND  VESSELS  OF  UPPER  EXTREMITY.     913 

The  upper  group  (lymphoglandulse  cervicales  profundae  superiores)  extends  from 
tie  base  of  the  skull  to  the  bifurcation  of  the  common  carotid  artery  at  the  level 
►f  the  upper  border  of  the  thyroid  cartilage.  Its  constituent  glands  vary  consider- 
ably in  size,  and  one  of  the  largest,  which  Ues  under  cover  of  the  posterior  belly  of 
he  digastric  muscle,  receives  the  majority  of  the  lymphatics  from  the  tongue,  and 
3  therefore  of  great  clinical  importance.  The  glands  of  this  group  are  connected 
^ith  many  important  regions,  and  are  therefore  liable  to  become  enlarged  as  a  result 
'f  diseased  conditions  in  many  of  the  upper  parts  of  tlie  head  and  neck.  Their 
kfiferents  are  derived  from  the  interior  of  the  cranium,  the  nose,  the  pharynx,  the 
>alate,  the  tonsils,  the  upper  part  of  the  larynx,  the  whole  of  the  tongue,  except 
ts  tip  and  the  anterior  third  of  each  lateral  border,  and  the  thyroid  body.  They 
dao  receive  as  afferents  the  efferent  vessels  from  the  buccal,  the  internal  maxillary, 
jhe  retro-pharyngeal,  the  sub-parotid,  and  the  deep  parotid  glands,  and  from  some 
>f  the  glands  of  the  external  sub-sterno-mastoid  chain.  They  occasionally  receive 
the  efferents  from  the  pre-laiyngeal  glands  carrying  lymph  from  the  lower  part  of 
the  larynx. 

The  lower  glands  of  the  internal  sub-sterno-mastoid  chain  or  the  lower  deep 
oervical  glands  (lymphoglandulse  cervicales  profunda  inferiores)  lie  along  the  lower 
part  of  the  internal  jugular  vein.  They  receive  the  efferents  from  the  external 
chain  of  sub-sterno-mastoid  glands,  from  the  pre-laryngeal  glands,  and  from  a  group 
of  small  glands  which  lie  in  the  groove  between  the  trachea  and  oesophagus,  along 
the  course  of  the  recurrent  laryngeal  nerve.  These  glands  receive  lymph  from  the 
trachea,  oesophagus,  and  the  lower  part  of  the  thyroid  body. 

The  efferents  of  both  the  upper  and  lower  deep  cervical  glands  unite  together 
at  the  lower  part  of  the  neck  to  form  a  common  jugular  lymphatic  trunk  which 
terminates  on  the  right  side  either  by  uniting  with  the  subclavian  lymphatic  from 
the  upper  limb  to  form  the  right  lymphatic  duct,  or  separately  in  the  commence- 
ment of  the  innominate  vein.  On  the  left  side  the  jugular  lymphatic  trunk 
generally  ends  in  the  thoracic  duct,  but  it  may  end  either  in  the  internal  jugular, 
the  subclavian,  or  innominate  veins. 

The  Bupra-claTicular  glands  lie  in  the  anterior  part  of  the  posterior  triangle  of  the 
neck  amidst  the  descending  branches  of  the  cervical  plexus  and  on  the  roots  of  the 
brachial  plexus.  The  uppermost  part  of  tins  group  is  continuous  with  the  external 
sub-sterno-mastoid  glands,  and  the  lowermost  is  situated  in  the  region  of  the 
termination  of  the  external  jugular  vein.  The  afferent  vessels  are  derived  from 
the  neck  and  the  posterior  part  of  the  scalp ;  from  the  upper  extremity,  many  of 
^he  efferents  of  the  external  axillary  glands  terminating  in  the  supm-clavicular 
glands,  whilst  occasionally  the  lymphatics  which  accompany  the  cephalic  vein 
:ross  the  clavicle,  instead  of  dipping  into  the  subclavian  glands,  and  terminate  in 
he  supra-clavicular  glands.  In  addition,  some  of  the  lymphatics  on  the  pectoral 
egion,  amongst  which  may  be  included  some  occasional  vessels  from  the  mammary 
^land,  also  end  in  the  supra-clavicular  glands. 

It  is  well  known  that  the  supra-clavicular  glands  sometimes  become  enlarged 
subsequent  to  the  appearance  of  malignant  conditions  in  the  abdomen  and  the 
nediastinum,  and  more  particularly  subsequent  to  affections  of  the  oesophageal 
X)rtion  of  the  stomach.  The  coiu^e  along  which  the  infective  material  travelc5  in 
shese  cases  is  not  yet  known,  for  as  yet  no  afferent  vessels  have  been  traced  to  the 
jupra-clavicular  glands  from  the  mediastinum. 

The  efferents  of  the  supra-clavicular  glands  usually  terminate  in  the  jugular 
lymphatic  trunk. 

LYMPHATIC  GLANDS  AND  VESSELS  OF  THE  UPPER  EXTREMITY. 

The  lymphatic  glands  of  the  upper  extremity  are  divisible  into  (1)  superficial 
and  (2)  deep  sets. 

(1)  The  superftcial  glands  lie  in  the  subcutaneous  tissue,  and  form  two  groups, 

a  lower  and  an  upper.     The  lower  or  ante-cubital  group  is  frequently  absent ;  when 

present  it  includes  two  or  three  glands  which  lie  in  front  of  the  elbow;    they 

receive  afferent  vessels  from  the  front  of  the  forearm  and  from  the  median  part  of 
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the  palm,  and  occasionally  become  enlarged  subsequent  to  infective  inflammations 
of  those  areas.  They  give  off  efferent  vessels  which  pass  upwards  and  inwards 
along  tlie  antero- internal  aspect  of  the  arm.  At  varying  levels  these  etTereBtfi 
pierce  the  deep  fascia  and  terminate  in  the  external  axillary  glands.  The  upper 
or  stipra-trochlear  grou])  lies  a  short  distance  above  the  internal  condyle ;  as  a  rule 
it  includes  two  glands  only,  but  the  number  may  be  increased  to  four ;  they  lie 
close  to  the  commencement  of  the  basilic  vein,  and  their  afiferent  vessels  are  derived 
from  the  inner  two  or  three  digits,  the  inner  side  of  the  forearm,  and  the  inner 
side  of  the  palm.  Their  efferents  pass  upwards  along  the  basilic  vein,  which  they 
accompany  through  the  opening  in  the  deep  fascia;  they  then  join  the  deep 
lymphatics,  wliich  are  ascending  along  the  brachial  artery,  and  accompany  them 
to  the  external  axillary  glands. 

(2)  The  deep  glands  lie  along  the  vessels  in  the  axilla  and,  just  below  the 
clavicle,  in  the  groove  between  the  pectoralis  major  and  the  deltoid  muscles. 
They  are  accordingly  divisible  into  (a)  the  axillary  and  (ft)  the  infra-clavicakr 
or  subclavian  glands. 

One  or  two  small  glands  are  occasionally  found  with  the  arteries  of  the  forearm 
and  a  tew  with  the  brachial  artery ;  they  receive  deep  afferent  lymphatics  fn>m 
the  adjacent  muscles,  ligaments,  and  the  bones,  and  they  give  off  efferent  veasek 
which  terminate  in  the  external  axillary  glands. 

(a)  The  axillary  glands  are  arranged  in  four  groups — external,  anterior, 
posterior,  and  central. 

(i.)  The  external  group  (lymphoglandulse  axillares)  consists  of  from  six  or  more 
glands  whicli  form  a  chain  along  the  antero-internal  aspect  of  the  axillary  vessels, 
extending  from  the  lower  border  of  the  pectoralis  major  to  the  outer  border  of 
the  first  rib.  They  receive  afferent  vessels,  both  superficial  and  deep,  from  the 
whole  of  the  upper  extremity ;  many  of  these  pass  directly  to  the  glands  from  tbe 
tissue.'^,  the  remainder  include  the  eUerents  of  the  superficial  and  deep  glands  of 
the  forearm  and  arm,  and  some  of  the  efferents  of  the  anterior  and  posteri-^r 
axillary  glands.  The  efferents  of  the  external  axillary  glands  pass  along  tbe 
sul>clavian  vein,  and  the  majority  either  terminate  in  the  subclavian  glands  or 
unite  with  their  etierents  to  form  a  common  subclavian  trunk,  which  termiiiaie 
on  the  right  side  in  the  right  lymphatic  duct  or  in  the  innominate  vein,  and  on 
the  left  side  in  tlie  thoracic  duct;  but  some  of  the  efferents  end  in  the  supra- 
clavicular glands,  and  others  in  the  central  glands. 

(ii.)  The  anterior  axillary  or  pectoral  glands  (lymphoglandulas  pecUvales;, 
four  or  five  in  number,  lie  at  the  anterior  part  of  the  axilla,  in  the  angle  between 
the  pectoral  muscles  and  the  serratus  magnua  They  receive  afferent  vessels 
from  the  superficial  parts  of  the  anterior  and  lateral  walls  of  the  body  above  the 
umbilicus,  and  from  the  outer  two-thirds  of  the  mammary  gland.  Some  of  their 
efferents  ])ass  to  the  external  axillary  glands,  some  to  the  subclavian  glands,  and 
others  end  in  the  glands  of  the  central  group. 

(iii.)  The  posterior  or  subscapular  set  of  axillary  glands  (lymphogkndals 
subscapulares),  four  or  five  in  number,  lie  along  the  sides  of  the  subscapular 
artery  on  the  posterior  wall  of  the  axilla.  Their  afferents  are  the  superiScia. 
lymphatics  of  the  lateral  and  posterior  parts  of  the  body-wall  above  the  umbilicus, 
and  the  superficial  lym])hatic8  of  the  lower  and  back  part  of  the  neck.  Their 
efferents  generally  join  the  external  and  central  axillary  glands,  but  some  may  end 
in  the  subclavian  glands. 

(iv.)  The  central  group  lies  at  the  Ijase  of  the  axilla  resting  on  the  axillary  fi&scia 
between  the  other  groups.  It  consists  of  from  three  to  five  glands  which  receive 
afferents  from  the  external,  posterior,  and  anterior  groups  of  glands,  and  its 
efferents  pass  to  the  subclavian  glands. 

(ft)  The  infra- clavicular  or  subclavian  glands  lie  in  relation  with  the  upper 
part  of  tlie  axillary  vein,  and  appear  to  be  the  upward  extension  of  the  external 
and  anterior  axillarj'  glands.  They  receive  efferents  from  all  four  groups  ^^ 
axillary  glands,  a  deep  lymphatic  from  the  mamma  which  pierces  the  pectonlis 
major,  and  also  the  lymphatics  which  accompany  the  cephalic  vein  and  oany 
lymph  from  the  outer  side  of  the  hand,  forearm,  and  amL      In  the  ooonea 
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atter  vessels  a  few  small  glands  are  sometimes  interpolated  in  the  groove 

n  the  deltoid  and  pectoralis  major  muscles. 

)  l]niiphatic  vessels  of  the  upper  extremity  are,  like  the  glands,  arranged 

sets,  (1)  the  superficial  and  (2)  the  deep. 

)  superficial  lymphatic  vessels  commence  in  cutaneous  plexuses  which 

est  and  most  dense  on  the  palmar  aspects  of  the  fingers  and  hand.     The 

u8  from  the  palmar  digital  plexuses,  in  each  digit,  converge  to  four  trunks, 

lie  two  on  each  side  in  the  subcutaneous  tissue  on  the  lateral  margins  of 

rsal  aspects  of  the  digits.     They  accompany  the  dorsal  digital  veins,  and, 

roots  of  the  digits,  they  pass  to  the  dorsum  of  the  hand,  where  they 
nose  together.  The  plexus  in  the  palm  of  the  hand  is  extremely  fine,  and 
ts  pass  from  it  not  only  upwards,  but  also  downwards  and  laterally.  The 
3fiferents,  three  or  four  in  number,  accompany  the  median  vein,  and  terminate 
in  the  superficial  glands  at  the  bend  of  the  elbow  or  in  the  supra-trochlear 
The  lower  efferents  pass  to  the  interdigital  spaces,  and  turn  backwards 

dorsum  to  join  the  digital  trunks.  The  lateral  efterents  turn  round  the 
I  of  the  hand,  those  on  the  inner  side  join  the  efferents  from  the  little 
and  those  on  the  outer  side  the  efferents  from  the  thumb.  Occasionally 
f  the  etferents  which  pass  towards  the  outer  side  fuse  to  form  a  fairly  large 


663. — Superficial  Lymphatics  op  thk  Digits  and  op  thb  Dorsal  Aspeot  op  the  Hand. 

the  so-called  central  lymphatic,  which  turns  round  the  outer  side  of  the 

metacarpal  bone  and  unites  with  the  lymphatic  vessels  of  the  thumb  and 
inger. 

5  superficial  lymphatic  vessels  of  the  forearm,  including  those  which  ascend 
le  dorsum  and  the  palm  of  the  hand,  are  grouped,  for  the  main  part,  along 
iial,  median,  and  ulnar  veins,  the  lateral  vessels  being  joined  at  intervals  by 
ries  from  the  dorsum  of  the  limb. 

J  lymphatic  trunks  which  accompany  the  ulnar  veins  terminate  in  the  supra- 
ar  glands,  and  those  which  accompany  the  median  vein  in  the  glands  at  the 
f  the  elbow,  the  ante-cubital  glands,  or,  if  these  are  not  present,  in  the 
irochlear  glands. 

3  efferent  vessels  of  the  ante-cubital  and  supra-trochlear  glands  have  already 
ascribed  (p.  914). 

ew  of  the  lymphatics  of  the  outer  side  of  the  forearm  and  some  of  those  of 
per  arm  accompany  the  cephalic  vein  and  carry  lymph  to  the  infra-clavicular 

or  to  some  small  glands  which  lie  in  the  groove  between  the  deltoid  and 
ilis  major  muscles  whose  efferents  join  the  infra-clavicular  glands. 

the  remaining  superficial  vessels  of  the  upper  arm  and  forearm  pass  towards 
ilia.  They  pierce  the  deep  fascia,  and  terminate  in  the  external  set  of 
Y  glands. 

3  d«ep  lymphatics  of  the  upper  extremity  commence  in  the  bones, 
eum,  ligaments,  muscles,  and  intermuscular  connective  tissue;  they 
>any  the  main  vessels,  and  some  of  them  terminate  in  the  deep  glands 

forearm  and  arm,  but  the  majority  ascend  to  the  external  set  of  axillary 
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THE   LYiMPIIATIC  GLANDS  AND  VESSELS  OF   THE   LOWER   EXTREMITY. 

Lymphatic  Glands  of  the  Lower  Extremity. — Like  those  of  the  upyer 
extremity,  these  glands  are  arranged  in  two  sets,  (1)  superficial  and  (2)  deep. 

(1)  Superficial  Glands. — The  superficial  glands  all  lie  in  the  rep^on  of  tlie 
groin,  and  form  three  groups — the  superior,  the  inferior,  and  the  internal,  which  are 
all  closely  asscxiiiited  ti^gether  by  numerous  inter-communicating  channels. 

(a)  The  superior  or  inguinal  group  includes  from  four  to  seven  flattened  ovoul 
glands  which  lie  parallel  with  and  just  below  Poupart's  ligament.  They  receive 
afferent  vessels  from  the  back  and  outer  part  of  the  thigh  and  the  butt<.»Gk,  and 
the  superficial  lymphatics  from  the  body-wall  below  the  level  of  tho  umbilicus, 
exct^pt  those  from  the  lower  and  anterior  part  which  pass  to  the  internal  group  of 
glands.  Their  efferents  pass  through  the  deep  fascia,  and  terminate  in  either  the 
deep  femoral  or  the  lower  external  iliac  glanils. 

(b)  The  inferior  or  superficial  femoral  group  is  formed  by  from  three  to  six  oval 
glands  which  are  disposed  vertically  along  the  upper  part  of  the  internal  or  Ion;; 
saphenous  vein.  They  receive  all  the  superficial  lymphatics  of  the  foot  and  H, 
except  a  few  which  accompany  the  external  sai)henou8  vein  to  the  popliteal  glands: 
all  the  superficial  lymphatics  of  the  thigh,  except  those  from  the  upper  and  outer 
part,  which  terminate ^  in  the  superior  set  of  glands,  and  a  few  from  tlie  upper  and 
inner  part  which  terminate  in  the  inner  group  of  glands.  They  also  occasionally 
receive  lym])hatics  from  the  perineum  and  scrotum.  The  efferent  vessels  of  the 
femoral  group  pass  through  the  saphenous  opening,  and  terminate  either  in  the 
deep  femoral  glands  or  in  the  lower  external  iliac  glands. 

(c)  The  internal  or  pubic  group  includes  two,  three,  or  four  rounded  glands 
which  li(i  internal  to  the  saphenous  opening  and  close  to  the  spine  of  the  pubis. 
They  receive  afferent  vessels  from  the  lower  and  middle  portion  of  the  abdominal 
wall,  from  the  upper  and  inner  part  of  the  thigh,  from  the  skin  of  the  external 
genitals,  including  some  of  the  lymphatics  from  the  lower  thin!  of  the  vagina  in 
the  female,  and  from  the  perineum,  including  some  of  the  lymphatics  of  the  lowest 
part  of  the  anal  passage  and  anus,  in  lx)th  sexes.  The  vessels  from  the  lower  third 
of  the  vagina  and  the  corresponding  part  of  the  rectum  communicate  not  only 
with  the  inguinal  glands  but  also  with  the  sacral  glands.  The  efferent  vessels  of 
the  pubic  glands  communicate  with  the  efferents  of  the  superior  and  inferior 
groups,  and,  after  passing  through  the  saphenous  opening,  they  terminate  either 
in  the  deep  femoral  or  the  lower  external  iliac  glands.  Although  the  general 
arrangement  of  the  afferent  vessels  of  the  suix^ficial  inguinal  glands  is  that  above 
indicateil,  it  nmst  be  understood  that  it  is  not  constant,  and  that  lymphatics  which 
frequently  terminate  in  one  group  may  in  some  cases  end  in  an  adjacent  group, 
a  fact  w^hich  must  be  kept  in  mind  in  the  investigation  of  diseased  conditions. 

(2)  Deep  Glands. — The  deej)  lymphatic  glands  of  the  lower  extremity  are 
found  on  the  upper  imrt  of  th(».  interosseous  membrane  of  the  leg,  in  the  popliteal 
space,  and  in  Sca.rpa's  triangle. 

The  anterior  tibial  gland  (lymphoglandula  tibialis  anterior)  is  situated  near  the 
anterior  tibial  artery  on  the  upper  part  of  the  front  of  the  interosseous  membrane. 
It  receives  afferent  vessel  from  the  deep  parts  of  the  sole  and  the  dorsum  of  the 
foot,  and  from  the  dee]>  parts  of  the  front  of  the  leg.  It  gives  off  two  efferent 
vessels  which  i)ass  biickwards  along  the  anterior  tibial  artery  and  terminate  in  the 
poi)liteal  glands. 

The  popliteal  glands  (lymphoglauduho  iK>i>liteie)  are  four  or  five  in  number; 
they  lie  iu  the  ])opliteal  space,  generally  round  th*}  popliteal  artery,  but  occasion- 
ally there  is  one  immediately  beneath  the  deep  fascia  near  the  entrance  of  the 
external  saphenous  vein.  They  receive  afferent  vessels  from  the  sole  of  the  foot 
and  the  back  of  the  leg,  from  the  anterior  tibial  gland  and  the  knee-joint;  they 
also  receive  the  superficial  lymphatics  which  accompany  the  external  saphenous 
vein.  The  majority  of  the  efferent  vessels  join  the  deep  femoral  glands,  but  some 
become  superficial  and  end  in  the  inferior  superficial  femoral  glands,  and  it  is 
stated  that  others  accompany  the  sciatic  nerve  and  end  in  the  lateral  pelvic  glands. 

The  deep  femoral  glands,  three  or  four  iu  uuml)er,  lie  on  the  inner  side  ctf  the 
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femoral  vein,  and  the  largest  of  the  group,  known  as  the  gland  of  Cloquet  or 
Rosenmiiller,  is  embedded  in  the  crural  canal.  Their  afferent  vessels  are  the 
efferents  of  the  popliteal  glands,  some  of  the  efferents  from  the  superficial  glauds  of 
the  groin,  the  lymphatics  from  the  glans  penis  and  some  of  the  lymph  vessels 
from  the  penile  portion  of  the  urethra,  and  the  deep  lymphatic  vessels  from  the 
front  and  outer  side  of  the  thigh  and  knee.  Their  efferents  pass  to  the  external 
iliac  glands. 

L]nxiphatic  Vessels  of  the  Lower  Extremity. — There  are  two  sets  of  these 
vessels,  (1)  the  superficial  and  (2)  the  deep. 

(1)  Superficial  Vessels. — The  superficial  lymphatics  lie  in  the  subcutaneous 
tissues.  They  commence  in  plexuses  which  are  best  marked  on  the  plantar  aspects 
of  the  toes  and  foot.  The  lymphatic  vessels  which  emerge  from  the  plantar  plexus 
in  each  toe  terminate  in  four  digital  vessels  which  are  arranged  in  pairs  along  the 
dorso-lateral  border  of  the  digit,  and  these  end  posteriorly  in  a  plexus  on  the 
dorsum  of  the  foot. 

Some  of  the  vessels  which  drain  the  plexus  in  the  sole  of  the  foot  turn  round 
the  outer  and  inner  borders  of  the  foot  and  join  the  dorsal  plexus,  whilst  others 
pass  up  the  leg  with  the  efferent  vessels  from  the  dorsal  plexus. 

The  efferent  vessels  from  the  dorsal  lymphatic  plexus  of  the  foot  form  two 
groups,  an  inner  and  an  outer.  The  inner  vessels  are  the  more  numerous,  and 
they  are  joined  by  additional  vessels  from  the  inner  part  of  the  sole  and  heel. 
Some  of  them  pass  upwards  in  front  of  and  others  behind  the  internal  malleolus ; 
in  the  leg  they  accompany  the  internal  saphenous  vein,  and  they  terminate  in  the 
lower  or  femoral  set  of  superficial  glands.  The  outer  group  of  vessels  is  reinforced 
by  tributaries  from  the  outer  side  of  the  sole  and  heel;  most  of  the  vessels  of 
this  group  pass  upwards  in  front  of  the  external  maUeolus,  but  some  go  behind 
that  prominence  of  bone ;  they  gradually  turn  inwards  as  they  ascend,  and,  passing 
across  the  front  of  the  leg,  they  join  the  internal  group,  being  first  reinforced 
by  numerous  additional  vessels  from  the  front  and  outer  side  of  the  leg,  and 
they  terminate,  with  the  vessels  of  the  inner  group,  in  the  superficial  femoral 
glands. 

A  few  vessels  of  the  outer  group,  and  one  or  two  large  vessels  which  rise  from 
the  back  of  the  heel  and  the  lower  part  of  the  leg,  ascend  along  the  external 
saphenous  vein,  pierce  the  popliteal  fascia,  and  terminate  in  the  popliteal 
glands. 

The  superficial  lymphatic  vessels  from  the  front,  the  lower  and  outer,  lower 
and  inner,  and  the  back  parts  of  the  thigh  and  knee,  terminate  in  the  superficial 
femoral  glands.  The  vessels  from  the  upper  and  outer  parts  of  the  thigh  and 
from  the  buttock  end  in  the  superficial  inguinal  glands,  and  those  from  the  upper 
portions  of  the  inner  and  back  parts  of  the  thigh  in  the  superficial  pubic 
glands. 

(2)  Deep  Vessels. — The  deep  lymphatics  of  the  lower  extremity  commence  in 
the  bones,  periosteum,  ligaments,  muscles,  and  deep  connective  tissue.  They  follow 
the  main  arteries,  and  they  terminate  in  the  anterior  tibial,  popliteal,  and  deep 
femoral  glands. 

The  vessels  which  terminate  in  the  anterior  tibial  gland  have  already  been 
mentioned  (p.  916). 

The  majority  of  the  deep  vessels  from  the  sole  accompany  the  plantar  arteries ; 
they  ascend  in  the  leg  along  the  posterior  tibial  vessels,  and  are  joined  by  the  deep 
lymphatics  of  the  back  of  the  leg  which  accompany  the  peroneal  and  posterior 
tibial  arteries.  At  the  lower  border  of  the  popliteus  the  deep  vessels  of  the  back 
of  the  leg  meet  the  efferent  vessels  from  the  anterior  tibial  gland  and  ascend  with 
them  to  the  popliteal  glands. 

The  deep  lymphatics  of  the  front  of  the  thigh  and  the  efferents  of  the  popliteal 
glands  end  in  the  deep  femoral  glands ;  those  of  the  upper  part  of  the  back  of  the 
thigh  and  buttock  accompany  the  sciatic  and  gluteal  vessels,  and  terminate  in  the 
lateral  pelvic  glands ;  the  deep  vessels  which  originate  amidst  the  upper  portions 
of  the  adductor  muscles  and  their  surroundings  accompany  the  obturator  vessels, 
and  terminate  in  the  obturator  or  in  the  lateral  pelvic  glandp. 
62  a 
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THE  LYMPHATIC  GLANDS  AND  VESSELS  OF  THE  ABDOMEN  AND 

PELYLS. 

The  superficial  Isnnpliatics  of  the  abdominal  wall  have  already  been  sufticiently 
referred  to  as  afferent  vessels  of  the  axillary  glands  and  of  the  siipertieial  glaudi!  k 
the  groin  (pp.  914  and  91 G). 

Deep  Lymphatic  Glands  and  Vessels. — The  lymphatic  glands  of  the  alidomeu 
and  pelvis  are  arranged  in  two  main  groups,  (1)  the  visceral  glands  and  (2)  the 
parietal  glands.  The  visceral  glands  lie  in  close  relation  with  the  walls  of  xh^ 
viscera  or  in  the  folds  of  i)eritoneum,  by  which  the  viscera  are  either  connei:te«i 
together  or  attached  to  the  walls  of  the  abdomen  or  jxjlvis;  they  receive  the 
majority  of  the  lymphatic  vessels  from  the  viscera  with  which  they  are  associateil 
The  parietal  glands  lie  between  the  peritoneum  and  the  walls  of  the  abdomen  auj 
l)elvi8 ;  they  receive  deep  vessels  from  the  abdominal  and  pelvic  parietes,  and  fr»iii 
the  deep  parts  of  the  thigh  and  buttock.  They  also  receive  efferent  lymphatics 
from  the  glands  of  the  lower  extremities,  as  well  as  some  of  the  eflerent  vessek 
from  the  visceral  glands,  and  a  few  vessels  which  pass  directly  to  them  from  the 
walls  of  the  viscera. 

(1)  The  visceral  glands  include  the  followuig  : — 

Ghwtric  Glands. — The  gastric  glands  are  separable  into  the  coronary,  the  sul  - 
pyloric,  and  the  retro-pyloric  groups. 

The  coronary  glands  (lymphoglanduhu  gaatricie  superiores)  are  situated  in 
relation  with  the  ui)per  part  of  the  small  curvature  of  the  stomach  between  the 
layei-s  of  the  gastro-hepatic  omentum,  and  in  the  left  pancreatico-ga.stric  fold 
immediately  behind  and  to  the  right  of  the  c^irdiac  oritice.  They  receive  afferents 
from  the  small  curvature,  except  at  the  pyloric  end,  and  from  a  little  more  than 
the  right  halves  of  the  anterior  and  posterior  walls  of  the  vertical  jx)rtion  of  the 
stomach.  They  also  receive  aiferents  from  the  left  and  posterior  part  of  the  upper 
surface  of  the  liver.  Their  effereuts  terminate  in  the  ctiiliac  group  of  pre-aortic 
glands. 

The  sub-pyloric  glands  lie  in  the  gastro-colic  omentum  near  the  pyloric  end  of  the 
stomach.  Their  afferents  are  derived  from  the  lower  j)art  of  the  great  cun^ature  and 
from  the  immediately  adjacent  parts  of  the  anterior  and  posterior  surfaces  of  the 
.stomach.     Their  efl'erents  end  in  the  retro-i)yloric  glands. 

The  retro-pyloric  glands  are  very  variable.  They  are  situated  directly  behind 
the  pyloric  end  of  the  stomach  and  the  first  part  of  the  duodenum,  in  close  associa- 
tion with  the  gastro-duoilenal  artery  and  in  the  right  pancreatico-gastric  fold. 
They  receive  as  afferents  the  effereuts  of  the  sub-pyloric  glands,  and  also  afferent 
vessels  from  the  right  part  of  the  small  curvature  and  from  the  posterior  surface 
of  the  pyloric  portion  of  the  stomach.  Their  efferent^  pass  to  the  eoeliac  group 
of  pre-aortic  glands. 

In  certain  cases  of  disease  of  the  gtistric  glands,  more  particularly  of  the  coronary 
group,  metastatic  deposits  occur  in  the  supra-clavicular  glands,  but  no  direct 
connexion  between  the  two  groups  of  glands  has  hitherto  been  discovered. 

The  lymphatics  from  the  anterior  and  posterior  walls  of  the  left  half  of  the 
vertical  porti<m  of  the  stomach  pa^a  to  the  splenic  glands. 

The  splenic  glands  lie  near  the  hilum  of  the  spleen  in  relation  with  the  tail  of 
the  pancreas,  and  in  the  lieno-renal  ligament;  they  receive  the  lymph  vessels  from 
the  left  half  of  the  vertical  portion  of  the  stomach,  from  the  capsule  and  the 
substance  of  the  sph^en,  and  from  the  pancreas.  Their  efferent  vessels,  aceompenied 
by  some  of  the  lymphatics  from  the  left  part  of  the  great  curvature  of  the  stomach, 
pass  inwards  in  the  lieno-renal  ligament  and  terminate  in  the  cceliac  glands. 

The  hepatic  glands  lie  in  the  hilum  of  the  liver  and  in  the  small  omentuu 
beneath  it.  Many  lie  along  the  left  side  of  the  vertical  portion  of  the  portal  vein, 
and  others  along  the  common,  the  hepatic,  and  the  cystic  bile  ducts.  The  highest 
of  the  latter,  which  lies  close  to  the  neck  of  the  gall  bladder,  is  known  as  the  cyrtic 
gland;  it  constitutes,  however,  but  one  of  the  hejiatic  glands.  The  cystic  gland 
receives  afferents  from  the  lateral  and  under  surface  of  the  right  lobe  to  the  right  { 
of  the  gall  bladder,  and  the  remaining  hepatic  glands  receive  afferents  from  the 
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anterior  surface,  from  the  Spigelian  and  the  quadrate  lobes,  and  from  tlie  lower  and 
anterior  portion  of  the  deep  substance  of  the  liver.  The  efferents  of  the  liepatic 
glands  pciss  to  the 
cceliac  group  of 
pre-aortic  glands. 

The  pancreatic 
glands  (lympho- 
glandulae  pancre- 
aticad),  which  are 
sometimes  in- 
cluded in  the 
splenic  group,  lie 
along  the  upper 
border  of  the  pan- 
creas behind  the 
small  sac  of  the 
peritoneum;  they 
receive  the  lym- 
phatics which 
issue  from  the 
pancreas,  and 
efferents  from  the 
splenic  and  from 
the  diaphrag- 
matic glands. 
Their  efferent  ves- 
sels terminate  in 
the  coeliac  glands. 

The  superior 
mesenteric  glands 
( ly  mphoglandulse 
mesenterioe)  are 
numerous  (100  to 
200) ;  they  are 
scattered  between 
the  layers  of  the 
mesentery  and  in 
the  transverse 
mesocolon,  and 
they  are  most 
numerous  in  that 
portion  of  the 
mesentery  which 
is  connected  with 
the  jejunum. 
They  vary  in  size, 
but  the  largest  are 
rarely  larger  than 
an  almond ;  the 
smaller  glands  lie 
near  theintestine, 
and  the  larger 
near  the  attached 
border  of  the 
mesentery.  They 
receive  att'erent 
vessels    from  the 

waila  of  the  jejunum  and  ileum,  and  from  the  ascending  colon,  the  ca?cum,  and  the 
transverse  colon.     Their  efferents  terminate  in  the  pre-aortic  glands. 
62  b 


Fio.  664. — Deei»  Lymphatic  Glands  and  Vessels  ok  the  Thorax  and 
Abdomen  ((liagraininatio). 

Lateral  lymphatics  are  colouretl  black,  and  mesial  retl.     AflFereut  vesselH  are  repre- 
sented by  continuous  lines,  and  efferent  and  interglandular  vessels  by  dotted  lines. 
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Receptaculuin  c.liylii. 

Right  lymphatic  duct. 
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Scalenus  anticus  muscle. 

Thoracic  duct. 
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The  ileo-csecal  glands,  four  or  five  in  number,  are  a  subsidiary  group  of  ibe 
mesenteric  glands,  and  are  situated  in  the  lowest  part  of  the  mesentery  near  the 
angle  between  the  ileum  and  the  iiscending  colon.     They  receive  afferent  vessel* 
from  the  lowest  part  of  the  ileum,  from  the  CiiKJum,  and  from   the  vermifonii 
appendix,  and  tlieir  efferent  vessels  pass,  with  those  of  the  other  mesenteric  glands, 
into  the  pre-aortic  glands.     One  of  them,  the  appendicidar  gland,  is  occasfionally 
separated  from  the  rest,  and  is  placed  in  the  base  of  the  mesentery  of  the  vermi- 
form appendix.     This  gland  is  of  special  interest,  not  only  because  it  receives  iht 
lymphatics  of  the  appendix,  but  also  because  in  the  female  some  of  the  lymphatics 
of  the  riglit  ovary  terminate  in  it. 

The  colic  glands  are  also,  for  the  main  part,  a  subsidiary  group  of  sui)erior 
mesenteric  glands ;  they  lie  in  relation  with  the  ascending  portion  of  the  colon  and 
in  the  transverse  mesocolic  fold  of  the  peritoneum.  They  receive  the  lymphatic 
vessels  which  issue  from  the  portion  of  the  gut  in  their  immediate  neighbourhooi 
and  their  efferent  vessels  terminate  in  the  juxta-  and  pre-aortic  glands  and  in  glaDd.« 
round  the  root  of  the  superior  mesenteric  artery. 

The  inferior  mesenteric  glands  are  situated  in  the  course  of  the  inferior  mesen- 
teric artery  and  its  branches ;  they  receive  lymph  from  the  ileo-pelvic  and  descending 
colon  and  transmit  it  to  the  juxta-  and  pre-aortic  glands. 

The  rectal  glands  are  a  few  small  glands  which  lie  in  the  meso-rectum  and  the 
areolar  tissue  between  the  rectum  and  the  sacrum ;  they  are  small,  and  they  receivie 
lymphatic  vessels  from  the  upper  part  of  the  rectum.  Their  efferent  vessels 
terminate  in  the  juxta-aortic  and  sacral  glands. 

The  coeliac  glands  (lymphoglandulte  coeliacae)  surround  the  cceliac  axis,  and 
Lie  in  front  of  the  abdominal  aorta  above  the  origin  of  the  superior  mesenteric 
artery,  and  are  simply  a  group  of  the  upper  pre-aortic  glands.  They  vaiy  in 
number,  and  are  of  large  size ;  they  receive  the  efferent  vessels  from  the  gastric, 
splenic,  pancreatic,  and  hepatic  glands,  and  their  efferent  trunks  unite  with  the 
effereuts  from  the  pre-aortic  glands,  and  form  with  them  a  single  trunk,  tbe 
common  intestinal  lymphatic  trunk,  which  terminates  in  the  receptaculum  chyll 

(2)  The  paiietal  glands  of  the  abdomen  and  pelvis  are  as  follows : — 

The  external  iliac  glands  are  arranged  in  three  groups,  an  outer,  a  middle,  and 
an  inner,  placed  respectively  to  the  outer  side,  in  front  of,  and  to  the  inner  aideol 
the  external  iliac  artery.  The  inner  group  is  situated  in  the  cavity  of  the  peliis 
between  the  external  iliac  vein  and  the  obturator  nerve,  but  inasmuch  as  it  i? 
directly  associated  with  the  efferent  vessels  from  the  deep  crural  glands  it  must  be 
ascribed  to  the  external  iUac  group.  Each  group  forms  a  chain  consisting  of  three 
or  more  glands,  and  the  lowest  gland  of  each  chain,  which  is  situated  immediatelT 
above  l*oupart'8  ligament,  is  known  as  a  retro-crural  gland.  The  internal  chain  of 
external  iliac  glands  receives  afferents  from  the  deep  and  suj>erficial  inguinal  glands, 
froui  the  deeixjr  portions  of  the  abdominal  wall  from  the  region  of  the  umbilicus 
downwards,  from  the  adductor  group  of  muscles  along  the  obturator  nerve  and 
artery,  from  the  neck  of  the  bladder,  from  the  prostate,  from  the  membranous  and 
bulbous  parts  of  the  urethra,  and  also  afferents  from  the  glans  penis  or  the  glans 
chtoris  which  have  passed  along  the  crural  canal.  Its  efferents  pass  to  either  the 
common  or  internal  iliac  glands. 

The  middle  chain  is  connected  by  anastomosing  vessels  both  with  the  internal 
and  external  chains,  and  it  also  receives  afferent  vessels  from  the  neck  of  the  uteros 
and  the  ui)per  part  of  the  vagina  in  the  female,  from  the  prostate  in  the  male,  and 
from  the  bladder  in  both  sexes.     Its  efferents  pass  to  the  common  iliac  glands. 

The  afferents  of  the  external  chain  convey  lymph  from  the  superficial  and  deep 
inguinal  glands  from  the  deeper  parts  of  the  lateral  and  anterior  portions  of  the 
abdominal  wall,  and  a  certain  amount  of  lymph  from  the  glans  penis  or  ditoris 
which  passes  along  vessels  which  traverse  the  inguinal  canaL 

If  the  student  bears  in  mind  what  has  already  been  said  with  regard  to  tbe 
inguinal  and  external  iliac  glands,  it  will  be  obvious  to  him  that  whilst  the 
lymphatics  of  the  scrotum  and  the  skin  of  the  penis  terminate  entirely,  or  almost 
entirely,  in  the  superficial  inguinal  glands,  those  of  the  glans  pass  to  the  deep  cninl 
and  the  retro-crural  glands,  and  it  is  worth  noting  that  some  of  those  which  Old  in  ■ 
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the  retro-crural  glauds  pass  to  their  terminations  along  the  crural  and  others  along 
the  inguinal  canaL  It  is  also  a  matter  of  clinical  importance  to  remember  that  the 
lymphatics  from  the  urethra  also  end  partly  in  the  deep  inguinal  glands,  partly  in 
the  external  iliac  glands,  and  partly  in  the  internal  iliac  glands:  those  which 
terminate  in  the  latter  glands  including  some  which  carry  lymph  from  the 
prostatic,  membranous,  and  bulbar  parts  of  the  canal. 

The  efferents  of  the  external  iliac  glands  terminate  in  the  common  iliac  glands. 

The  obturator  gland  is  situated  in  the  pelvis  at  the  upper  end  of  the  obturator 
canal  below  and  behind  the  obturator  nerve.  It  is  not  constant,  but  when  it  is 
present  it  receives  lymph  from  the  deeper  parts  of  the  inner  portion  of  the  thigh, 
and  its  efferent  vessels  end  in  the  inner  chain  of  external  iliac  glands. 

The  deep  glands  of  the  anterior  wall  of  the  abdomen. — These  glands  are  irregular 
both  in  number  and  occurrence,  and  they  are  small  in  size.  When  they  are 
present  they  lie  along  the  deep  circumflex  iUac  and  the  deep  epigastric  arteries, 
and  are  known  as  the  circumflex  iliac  and  epigastric  glands,  in  addition,  however, 
there  are,  at  least  in  the  child,  one  or  two  small  glands  lying  in  relation  with  the 
posterior  surface  of  the  sheath  of  the  rectus  abdominis  above  the  umbilicus,  tlie 
supra-umbiUcal  glands,  and  there  is  frequently  a  single  infra-umbihcal  gland 
situated  to  one  or  the  other  side  of  the  middle  line  below  the  umbilicus.  The 
circumflex  ilidc  and  epigastric  glands  receive  afferents  from  the  adjacent  parts  of 
the  abdominal  walls,  and  their  eflerents  end  in  the  external  iliac  glands.  The 
9upra-  and  infra-umbilical  glands  are  connected  with  the  rich  lymphatic  plexuses 
of  the  umbiUcal  region.  It  is  probable  that  the  supra-umbiUcal  glands  are  also 
associated  with  the  lymphatics  of  the  anterior  part  of  the  upper  surface  of  the 
liver ;  and  the  infra-umbilical  gland  with  the  lymphatics  of  the  upper  and 
anterior  part  of  the  bladder.  At  all  events  it  seems  certain  that  the  lymphatics 
of  the  bladder  are  connected  with  those  of  the  umbiUcal  plexuses,  and  it  is  almost 
certain  that  in  some  cases  at  least  they  are  either  directly  or  indirectly  associated 
with  the  infra-umbilical  gland. 

The  internal  iliac  glands  are  not  in  all  cases  to  be  clearly  defined  from  the  inner 
set  of  external  iliac  glands,  but  if  it  be  accepted  that  all  glands  on  the  side  wall  of 
the  pelvis  above  and  in  front  of  the  obturator  nerve  be  looked  upon  as  external 
iliac  glands, — and  this  is  a  reasonable  view  inasmuch  as  they  are  in  direct  associa- 
tion with  the  deep  crural  glands, — then  all  other  glands  which  lie  in  relation  with 
the  side  wall  of  the  pelvis  may  be  considered  as  internal  iliac  glands.  As  a  general 
rule  it  may  be  said  that  the  lai-ger  glands  of  the  internal  iliac  group  are  situated 
in  the  regions  of  the  origins  of  the  branches  of  the  internal  iUac  artery,  extending 
in  an  irregular  row  from  the  root  of  the  obliterated  hypogastric  artery  in  front  to 
the  origia  of  the  gluteal  artery  behind.  They  receive  atferents  from  the  upper 
part  of  the  anal  passage,  and  from  the  lower  part  of  the  rectum ;  from  the  middle 
part  of  the  vagina  and  the  lower  part  of  the  uterus ;  some  lymphatics  from  the 
lower  and  posterior  part  of  the  bladder ;  from  the  prostate,  the  prostatic  and 
membranous  parts  of  the  urethra ;  and  from  the  deeper  parts  of  the  back  of  the 
thigh  and  the  buttock  which  are  supplied  by  the  sciatic  and  gluteal  arteries.  The 
efferent  vessels  pass  to  the  posterior  group  of  the  common  iliac  glands. 

The  lateral  sacral  glands  may  be  considered  as  associates  of  the  internal  iliac 
group  of  glands.  They  lie  along  the  front  of  the  sacrum  to  the  inner  sides  of  the 
anterior  sacral  foramina.  They  receive  afferents  from  the  adjacent  bones  and 
ligaments  and  from  the  neck  of  the  uterus,  the  lower  part  of  the  vagina,  and  in 
the  male  from  the  prostate ;  their  efferents  end  either  in  the  internal  or  in  the 
common  iliac  glands. 

The  common  iliac  glands  lie  along  the  common  iUac  artery,  some  to  its  outer 
side,  some  posterior  to  it,  and  some  to  its  inner  side.  The  latter  are  naturally 
close  to  their  fellows  of  the  opposite  side,  and  the  two  groups  of  opposite  sides  are 
sometimes  spoken  of  collectively  as  the  glands  of  the  promontory.  The  number  of 
glands  in  each  set  varies  from  two  to  four.  The  external  and  posterior  glands 
receive  as  afferents  the  efferents  from  the  external  and  internal  iliac  glands,  and 
possibly  a  few  lymphatics  from  the  adjacent  muscles  and  bones.  The  internal 
group  receives  afferents  from  the  base  of  the  bladder  in  both  sexes,  from  the  upper 
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aud  posterior  part  of  the  prostate  in  the  male,  and  from  the  neck  of  the  utenu 
uiid  the  lower  p;irt  of  the  vat^^ina  in  the  female.  The  efferents  of  the  common  iliac 
glands  terminate  in  the  lateral  aortic  glands. 

The  Imnbar  glands  are  of  small  size,  and  they  are  very  irregular  in  oecunrenoe 
and  in  numl^er.  When  they  are  present  they  lie  close  to  the  transverse  processes 
of  the  lumbar  vertebric  behind  the  psoas  muscle,  and  correspond,  therefore,  in 
position  with  the  posterior  intercostal  glands  of  the  thorax.  They  receive  afferent 
vessels  wiiich  accompany  the  lumbar  arteries  from  the  deeper  parts  of  the 
abdominal  walls.  Their  efferent  vessels  end  either  in  the  lateral  aortic  glands,  or 
they  unite  with  the  efferents  of  those  glands  to  form  the  lateral  aortic  efferents,  or 
common  lumbar  trunks. 

The  aortic  glands  are  situated  in  front  of,  at  the  sides  of,  and  behind  the 
abdominal  part  of  the  aorta,  and  are  therefore  known  as  the  pre-aortic,  the  lateral 
aortic,  aud  the  retro-aortic  glands.  The  lateral  aortic  glands  have  usually  been 
known  as  the  mesial  lumlmr  glands,  but  during  the  last  few  years  it  has  lieen 
]}ecoming  more  customary  to  speak  of  them  as  lateral  aortic  on  account  of  their 
close  association  with  that  great  blood-vessel. 

The  2)re-aortic  glands  lie  along  the  anterior  aspect  of  the  abdominal  aorta, 
either  forming  a  continuous  chain  or  arranged  in  three  groups  which  are 
situated  respectively  in  the  regions  of  the  origins  of  the  inferior  and  superior 
mesenteric  arteries  and  round  the  root  of  the  cceliac  axis,  and  the  latter  group 
constitutes  so  distinct  an  entity  that  it  is  most  commonly  spoken  of  as  the 
cceliac  group.  The  afferent  vessels  of  the  pre-aortic  glands  are  derived  from 
the  superior  mesenteric,  the  inferior  mesenteric,  and  the  colic  gland&  The 
C(Teliac  group  also  receives  afferents  from  the  hepatic,  the  sub-pyloric,  the  retro- 
pyloric,  and  the  coronary,  and  the  pancreatic  and  splenic  glands.  Numerous 
communications  pass  between  the  pre-  and  the  lateral  aortic  glands,  but  speaking 
broadly  it  may  be  said  that  the  pre-aortic  glands  receive  the  greater  part  of  the 
lymph  from  the  abdominal  portion  of  the  alimentary  canal  and  from  the  associated 
glands.  The  afferent  vessels  from  the  lower  glands  of  the  group  either  terminate 
in  the  cceliac  glands  or  join  with  their  efferents  to  a  large  common  intestinal 
lymphatic  trunk  which  is  one  of  the  six  tributaries  of  the  receptaculum  chylL 

The  lateral  aortic  glands  lie  at  the  sides  of  the  abdominal  aorta,  those  of 
the  right  side  being  situated  both  in  front  of  and  behind  the  inferior  vena  cava. 
They  receive  atlerents  from  the  lumbar  glands,  or  if  the  latter  are  absent,  vessels 
which  pass  directly  from  the  abdominal  pariet^  along  the  lumljar  arteries.  They 
also  receive  the  lymphatics  of  the  kidneys,  the  testicles  or  ovaries,  the  suprarenal 
bodies,  and  from  the  upper  part  of  the  uterus.  Tn  addition  they  receive  the 
etlerents  of  the  common  iliac  glands.  They  are  connected  by  anastomoses  with 
the  pro-  and  retro-aortic  glands,  and  their  efferents  unite  on  each  side  into  a 
common  lumbar  or  lateral  aortic  trunk  which  joins  the  receptaculum  chyli. 

The  retro-aortic  f/lands  lie  behind  the  aorta,  in  front  of  the  third  and  fourth 
lumbar  vertebne.  Th(;y  receive  a  few  lymphatics  from  the  adjacent  muscles,  bones, 
and  ligaments,  aud  numerous  efferents  from  the  lateral  and  pre-aortic  glands. 
Their  efferents  unite  to  form  a  vessel  of  fair  size  which  ends  in  the  receptaculum 
chyli.  ^. 

It  follows  from  what  has  been  already  said  that  the  lymph  Irom  the  pehis  and 
the  lower  t^xtremities,  and  that  from  the  pelvic  viscera,  passes  to  the  receptaculum 
through  the  common  iliac  and  the  lateral  aortic  glands,  but  on  account  of  the 
vessels  which  unite  the  lateral  aortic  with  the  pre-  and  retro-aortic  glands  it  is 
obviously  possible  that  infective  material  passing  either  from  the  lower  extremities 
or  from  the  i)elvic  viscera  which  is  not  intercepted  by  the  lateral  glands  may  pass 
through  them  and  set  up  new  foci  of  disease  either  in  the  pre-  or  retro-aortic 
glands,  and  although  the  lateral  aortic  glands  are  the  natural  terminations  of  the 
lymphatic  vessels  from  the  kidneys,  testicles,  ovaries,  and  suprarenal  bodies,  never- 
theless infective  material  from  any  of  those  organs  may  pass  through  the  lateral 
into  the  pre-  or  retro-aortic  glands. 

The  deep  lymphatic  vessels  of  the  abdomen  and  pelvis  have  been  mentioned  » 
frequently  in  association  with  the  gland  groups  in  which  they  terminate  thai  oo 
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however,  but  little  practical  importance.    When  they  are  present  they  lie  near  tbe 
origins  of  the  lateral  branches  of  the  intercostal  arteries. 

The  internal  mammary  or  sternal  glands  (lymphoglandulse  stemales),  which  lie 
along  the  side  of  the  internal  mammary  artery,  one  or  two,  as  a  rule,  being  placed 
opposite  the  anterior  end  of  each  intercostal  space.  Their  afferents  are  derived  from 
the  deeper  parts  of  the  anterior  portion  of  the  thoracic  wall,  from  the  deep  part  of  the 
front  of  the  abdominal  wall  by  vessels  which  ascend  along  the  superior  epigastric 
artery,  from  the  inner  portion  of  the  mammary  gland,  and  from  the  anterior  pan 
of  the  diaphragm  and  the  anterior  diaphragmatic  glands.  Some  of  their  efiferents 
pass  to  the  anterior  mediastinal  glands,  but  the  majority  ascend  to  the  root  of  the 
neck,  where  they  terminate  either  directly  in  the  corresponding  innominate  vein, 
or,  according  to  the  side  on  which  they  lie,  they  end  in  the  thoracic  duct,  or  the 
right  lymphatic  duct  if  it  is  present. 

The  diaphragmatic  glands  are  arranged  in  three  groups — the  anterior,  middle, 
and  posterior. 

The  anterior  group  lies  behind  the  ensiform  process  and  the  anterior  ends  of 
the  seventh  costal  cartilages.  It  receives  lymph  from  the  anterior  part  of  the 
diaphragm,  and  from  the  anterior  part  of  the  upper  surface  of  the  liver.  Its 
efferents  pass  to  the  internal  mammary  glands. 

The  middle  group  consists  of  two  lateral  portions  which  lie  at  the  sides  of  the 
jHjriciirdium  near  the  phrenic  nerves.  On  the  right  side  these  glands  are  cloself 
associated  with  the  upper  part  of  the  inferior  vena  cava,  and  some  of  them  lie  on 
the  anterior  wall  of  that  vessel  intenial  to  the  fibrous  sac  of  the  pericardium.  Tbe 
afferents  of  the  middle  diaphragmatic  glands  are  derived  from  the  middle  part  of 
the  diaphragm  and  from  the  upper  surface  of  the  liver.  Their  efferents  join  the 
posterior  mediastinal  glands. 

The  posterior  group  has  very  little  importance,  and  practically  constitutes  a 
lower  section  of  the  posterior  mediastinal  glands.  It  lies  between  the  pillars  of 
the  diaphragm  and  the  posterior  wall  of  the  thorax,  and  receives  lymph  from  the 
immediately  adjacent  parts.  Its  efferents  end  in  the  higher  posterior  mediastinil 
glands. 

2.  Visceral  Thoracic  Glanda — Of  these  there  are : — 

The  anterior  mediastinal  glands  (lymphoglandulse  mediastinalee  anteriores)  are 
embedded  in  the  loose  tissue  of  the  anterior  mediastinal  region.  They  reoeivB 
afferents  from  the  middle  part  of  the  upper  portion  of  the  liver  which  ascend 
through  the  falciform  Ligament,  from  the  anterior  part  of  the  diaphragm,  and 
from  the  lower  sternal  glands.  Their  efferents  pass  upwards  to  the  superior 
mediastinum,  where  some  of  them  enter  the  superior  mediastinal  glands,  whilst 
others,  continuing  upwards,  terminate  on  the  right  side  in  the  right  lymphatic 
duct,  and  on  the  left  side  in  the  thoracic  duct. 

The  superior  mediastinal  glands  (lymphoglandulse  mediastinales  superiores)  are 
grouped  round  the  innominate  veins,  along  the  upper  part  of  the  aortic  arch,  and 
in  front  of  the  thoracic  portion  of  the  trachea.  They  receive  afferents  from 
the  heart,  the  pericardium,  the  thymus,  and  the  anterior  mediastinal  glands. 
Their  efferents  terminate  at  the  root  of  the  neck  in  the  right  lymphatic  and 
thoracic  ducts. 

The  middle  mediastinal  glands  are  situated  round  the  primary  bronchi  and  the 
lower  end  of  the  trachea,  and  they  are  separable  into  the  following  groups : — 

The  "bronchial  glands,  which  lie  principally  on  the  anterior  aspects  of  the 
primary  bronchi  and  along  their  upper  borders.  They  receive  lymph  from  the 
lungs  which  has  previously  passed  through  a  series  of  inter-bronchial  or  pulmonary 
glands,  which  lie  in  the  angles  of  division  of  the  bronchi  in  the  hilum  and  in  the 
substance  of  the  lungs.  Their  efferents  unite  with  the  efferents  of  the  superior 
mediastinal  and  internal  mammary  glands  to  form  a  common  broncho-mediastinal 
trunk  on  each  side.  This  vessel  when  it  is  present  ends  on  the  left  in  the  thoracic 
duct  or  the  innominate  vein,  and  on  the  right  in  tbe  right  lymphatic  duct  or  in 
one  of  the  large  veins  at  the  root  of  the  neck. 

The  inter'tracheO'hronchial  glands,  which  lie  between  the  primary  bronchi  sod 
beneath  the  end  of  the  trachea.     They  receive  afferents  from  the  heart  and  bam 
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area  is  converted  into  the  posterior  end  of  the  reversed  area,  and  it  forms  the  anterior 
limit  of  the  lunbilical  orifice.  In  brief,  the  relative  positions  of  its  several  parts  ir 
reversed,  and  at  this  period  the  pericardial  cavity  which,  like  the  area,  is  semilunar  in 
shape,  extends  from  side  to  side  beneath  the  forcgut,  and  its  comua  are  continuous  at  the 
sides  of  the  foregut  with  the  general  body  cavity  of  the  embryo.  Subsequently  this  con- 
tinuity is  obliterated,  and  the  pericardial  cavity  is  separated  from  the  pleuro-peritoneal 
part  of  the  general  bcxly  cavity  or  coelom. 

The  mesoderm  at  the  posterior  end  of  the  reversed  pericardia]  region,  where  the 
somatic  and  splanchnic  layers  are  continuous,  i.e.  just  in  front  of  the  umbilicus,  increaiies 
in  tlnckness  and  fonns  a  semilunar  mass,  the  septum  transversum,  in  which  the  liver  and 
the  ventral  jmrt  of  the  diaphragm  are  formed.  The  latter  extends  mesially  from  the 
anterior  wall  of  the  body  to  the  foregut,  immediately  in  front  o(  the  gastric  dilatation,  whilst 
latenilly  it  forms  two  falciform  projections  which  encroach  from  without  uix>n  the  portions 
of  the  coelom  which  lie  at  the  sides  of  the  foregut.  Ultimately  the  lateral  portions  of  the 
diaplmigm  pass  inwards,  and,  fusing  with  the  mesentery  of  the  foregut,  they  separate  the 
pleuro-perit<jneal  portion  of  the  coelom  into  three  parts — two  anterior,  one  on  each  side  of 
the  foregut,  thejtieural  sacs,  and  a  posterior,  the  peritoneal  cavity. 

When  the  i)oricardial  region  is  completely  reverse<i   the  two  vessels  developed  in 

its  splanchnic  layer  lie  side  by  side  in  what  m 
now  its  dorsal  wall.  Posteriorly  they  are  con- 
tinued through  the  septum  transvervum  to  the 
wall  of  the  yolk  sac.  Anteriorly  they  are  con- 
tinued, as  the  first  cephalic  aortic  arches,  through 
the  mandibular  arches  which  have  developed  it 
the  sides  of  the  bucco-pharyngeal  membrane,  to 
the  dorsal  wall  of  the  gut,  where  they  pis 
backwards  beneath  the  paraxial  mesoderm  to 
the  posterior  end  of  the  body,  whence  they  ire 
continued,  in  the  human  subject,  along  the  bodj 
stalk  to  the  placental  portion  of  the  chorioo, 
giving  ofi'  branches  to  the  walls  of  the  ali- 
mentary canal  and  yolk  sac. 

These  two  primitive  embryonic  vessels  are  the 
primitive  aorts.  After  the  formation  of  the 
cephalic  and  caudal  folds,  each  primitive  aorta 
may  be  looked  upon  as  consisting  of  three  parti 
united  by  two  arches : — an  anterior  ventral  part, 
the  anterior  ventral  aorta,  situated  partly  in  the 
septum  transversum  and  partly  in  the  dorsal  wall 
of  the  pericardium  and  the  root  of  the  neck :  a 
dorsal  part,  the  primitive  dorsal  aorta,  which 
extends  beneath  the  paraxial  mesoderm  from 
the  dorsal  end  of  the  mandibular  arch  to  the 
tail  fold  ;  a  posterior  ventral  part,  the  posteiiflr 
ventral  aorta,  which  passes  to  the  yolk  sac ;  the  anterior  part  of  the  posterior  ventrd 
aorta  soon  atrophies,  and^the  remainder  of  the  vessel  is  then  prolonged  from  the  posterior 
part  of  the  ventral  wall  of  the  body  to  the  placenta  by  a  new  branch.  The  two  arches 
which  unite  the  three  main  portions  of  each  primitive  aorta  together  are  an  anterior,  the 
firslmsephalie  aortic  arch,  which  lies  in  the  mandibular  arch  and  passes  from  the  anterior 
ventral  aorta  to  the  anterior  end  of  the  primitive  dorsal  aorta,  and  a  posterior,  the  primaiy 
caudal  aortic  arch,  which  passes  in  the  tail  fold  and  at  the  side  of  the  hind  gut,  from 
the  primitive  dorsal  aorta  to  the  posterior  portion  of  the  primitive  ventral  aorta. 

As  development  proceeds  a  series  of  transformations  occurs  in  the  various  sections  of 
the  primitive  aorta.  These  transformations  are,  with  few  exceptions,  alike  on  the  two  sides, 
but  the  transformations  which  occur  in  one  section  are  entirely  different  from  those  met 
with  in  the  other  sections  ;  therefore  each  part  must,  to  a  certain  extent,  be  consideivd 
separately. 

Each  anterior  ventral  aorta  is  divisible  into  three  parts.  The  posterior  part  lies  in  the 
septum  transversum.  Posteriorly  it  forms  the  terminal  portion  of  the  vitelline  will,  and 
carries  the  blood  from  the  wall  of  the  yolk  sac.  For  a  long  time  each  vitelline  vein  remains 
separate  from  its  fellow  of  the  opposite  side,  but  afterwards  the  two  veins  unite  to  form  * 
common  stem,  which  terminates  at  first  in  the  posterior  part  of  the  hearty  and  subeeqacntlj 
in  the  liver.     The  anterior  section  of  the  posterior  part  of  the  anterior  ventral  aortt 
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enlarges  and  unites  with  its  fellow  of  the  opposite  side  to  form  the  sintiB  venostui 

3rior  chamber  of  the  primi- 

rt ;  after  a  time  this  grows 
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[ium,  and  is  absorbed  into 

icular  portion  of  the  heart. 

middle  part  of  the  anterior 
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pericardium  and  projects 
s  into  its  cavity.     It  lies 

its  fellow  of  the  opposite  primitive 
d  as  the  two  vessels  rapidly 

their  inner  walls  approach 
her,  and,  fusing  together, 
single  median  vessel  which 
lies  the  primitive  heart  (the 
enosus  being  excepted)  in- 
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BEKORK    its  SUBDIVISION    BY  SEPTA    INTO   AURICLES   AND   VENTRICLES. 

^eat  vessels  of  the  head  and  neck.     Posteriorly,  however,  it  unites  with  its  fellow 
opposite  side  to  form  the  apex  of  the  bulbus  arteriosus.     After  the  completion  of 
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the  coplialic  aortic  arclies  the  portions  of  the  anterior  ventral  aorta  which  lie  betwwu 
their  lower  cxtroiiiitios  are  known  as  the  ventral  roots  of  the  cephalic  aortic  archer 

Tlie  primitive  dorsiil  aortii  may  be  conveniently  divided  into  two  parts.  The  amerW 
j)art  extends  from  the  doi-sal  end  of  the  first  cephalic  aortic  arch  to  the  root  of  the  fi>r^ 
limb.  It  remains  se])arate  from  its  fellow  of  the  opi)osite  side,  and  forms  the  dorsal  roots 
of  the  cephalic  aortic  arches  of  its  own  side.  It  takes  part  in  the  formation  of  the  great 
vessels  of  the  head  and  neck  and,  on  the  left  side,  of  part  of  the  aorta  of  the  adult. 

The  remaining  portion  extends  from  tlie  root  of  the  fore-limb  to  the  j>elvic  rejrion ;  ii 

passes  inwards,  and  unites  with  its  fellov  of 
the  opposite  side  beneath  the  vertebral  column 
to  form  the  greater  part  of  the  |)eniianent 
systemic  aorta. 

The  primary  caudal  arch  connects  the 
primitive  dorsal  with  the  posterior  ventral 
aorta.  As  it  passes  vent  ml  ly  it  lies  on  the 
inner  side  of  the  Wolffian  duct.  After  a  time 
it  is  replaced  by  a  secondary  candal  irch 
which  lies  at  the  outer  side  of  the  WollfiaE 
duct,  and  this  subsequently  becomes  the 
common  and  internal  iliac  arteries  and  the 
root  of  the  hyix)gastric  artery,  the  external 
iliac  being  merely  an  offset  from  it  to  the 
hind-limb. 

The  greater  part  of  the  primitive  postorior 
ventral  aorta  dis^ippears  early,  and  its  secondarr 
continuation  to  the  placenta  becomes  the 
remainder  of  the  hypogastric  artery,  which 
passes  from  the  internal  iliac  artery,  by  the 
side  of  the  bladder  and  along  the  ventral  wall 
of  the  abdomen,  to  the  umbilicus,  whence  it 
is  continued  along  the  umbilical  cord  to  the 
placenta. 

Having  considered  thus  briefly  the  main 
parts  of  the  primitive  aortic  vessels,  no-i 
liaving  noted,  shortly,  the  fate  of  each  portion 
in  the  Bul>sequent  phases  of  development  ve 
may  now  turn  to  a  more  detailed  cousideratioo 
of  the  metiimorphoses  which  occur  in  thost 
])arts  of  primitive  vessels,  viz.  the  anteri*ir 
ventral  aort»e,  the  cephalic  aortic  arches,  and 
the  anterior  parts  of  the  primitive  dorsal  aort*, 
where  most  strikingand  most  complicated  traus- 
formations  result  in  the  formation  of  the 
heart,  the  aorta  in  part,  the  pulmonary  artm 
and  its  primary  branches,  the  chief  arterial 
trunks  of  the  head  and  neck,  and  the  first 
I>art  of  the  main  artery  of  the  right  upper 
extremity. 


FUJ.  668. — DEVELurMKNT   OK   THE    HeaUT. 

Diagram  showing  the  changes  of  form  ami  external 
ai)iH.*arances  at  iliffcrent  stages.  Moilified  from 
His's  muilcls.  III.B  and  IV.B  are  side  views  ; 
the  other  figures  represent  tlie  heart  :is  seen 
from  the  front. 

A,  Anrich;  :  A.I^,  Aorticbulb  ;  A.C,  Auri<ular canal  ; 
A. P.  Aiirioiilar  appendix  :  L.V,  Left  ventricle  : 
O.A.t',  Opening  of  auricular  cjiual ;  P.V.A, 
I*rimitive  ventral  aorta  ;  R.V,  Kight  ventricle  ; 
S.V,  Sinus  venoMis  ;  V,  Ventricle:  V.V, 
Vitelline  veins. 

inwanls,  their  inner  walls  come  in  contact, 
single  median  tube  is  formed.     This  is  the 


Development  of  the  Heart,  of  the 
first  part  of  the  aorta,  and  of 
THE  Pulmonary  Artery. 

Of  the  three  parts  into  which  each  anterior 
ventnil  aorta  is  divisible  the  middle  is  situated 
in  the  splanchnic  mesoderm  of  the  dorsal  wall 
of  the  pericardium.  As  development  proceedi 
tlie  middle  pirts  of  both  anterior  ventral  aorte 
enlarge  and  project  into  the  cavity  of  the  pcri- 
canlium,  whilst  at  the  same  time  they  gro* 
fuse  together,  and  disappear,  aiid  so  a  simple 
primitive  heart,  which  is  completed  in  froat 
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and    behind   the   pericardium  by  the  fusion  of  the  adjacent  ends  of   the  anterior  and 
posterior  parts  of  the  anterior  ventral  aortse. 

The  simple  tubular  heart,  at  first  straight  and  of  fairly  uniform  calibre,  soon  alters  in 
form  and  in  the  relative  position  of  its  different  parts.  It  becomes  irregularly  enlarged, 
and  a  series  of  four  dilatations,  with  intervening  constrictions,  can  be  distinguislied.  The 
dilatations,  from  behind  forwards,  are  as  follows  : — (1)  the  sinus  venosus  or  saccus 
renniens,  (2)  tlie  auricle  or  atrium,  (3)  the  ventricle,  atid  (4)  the  aortic  bulb  or  bulbns 
arteriosus.  The  short  constriction  between  the  auricle  and  ventricle  is  known  as  the 
auricnlar  canal,  and  the  less  pronounced  constriction  which  intervenes  between  the 
ventricle  and  the  aortic  bulb  is  termed  the  firetom  Halleri.  In  addition  to  this  alteration 
in  form,  the  tubular  heart  elongates,  much  more  so  than  the  pericardium  in  which  it  lies, 
whilst  at  the  same  time  the  anterior  extremity  of  the  aortic  bulb  and  the  sinus  venosus 
are  withdrawn,  from  the  root  of  the  neck  and  the  septum  transversum  respectively,  into 
the  pericardium.  Of  necessity,  therefore,  the  single  heart  is  bent  upon  itself,  and  it 
projects  more  and  more  into  the  pericardium,  pushing  forwards  the  visceral  layer  of 
the  serous  lining  of  this  cavity,  and  carrying  with  it  a  mesentery  of  splanchnic  mesoderm 
which  is  known  as  the  mesocardium. 

The  bending  of  the  heart  results  in  the  formation  of  a  U-shaped  loop,  the  posterior  or 
venous  limb  of  the  loop  lying  to  the  left  and  below,  with  the  body  in  the  erect  posture, 
the  anterior  or  arterial  limb  being  to  the  right  and  above,  whilst  the  intervening  stem  of 
the  loop  runs  from  the  left  and  below  upwards,  forwards,  and  to  the  right.  The  apex 
of  the  aortic  bulb  is  bent  a  little  to  the  left  and  reaches  the  middle  line. 

Subsequently  the  auricle  ascends  behind  the  ventricle,  and  the  ventricular  opening 
of  the  auricular  canal,  the  short  communicating  passage  between  the  auricle  and 
ventricle,  is  seen  as  a  transverse  slit  at  the  upper  part  of  the  left  or  posterior  end  of  the 
ventricle.  As  the  ventricular  chamber  enlarges  its  upper  end  passes  towards  the 
middle  line,  and  the  ventricle  is  no  longer  so  obliquely  directed  from  left  to  right  but 
lies  more  in  the  mesial  plane.  As  the  result  of  these  changes  of  position,  and  the  coin- 
cident modifications  in  size  of  the  difierent  parts,  the  aortic  bulb  is  eventually  placed 
iniiiicd  lately  in  front  of  the  auricle,  and  the  opening  of  the  auricular  canal  is  nearer 
the  middle  of  the  upper  part  of  the  posterior  wall  of  the  ventricular  chamber.  During 
its  further  growth  the  ventricle  enlarges  principally  at  its  anterior  or  ventral  part ;  the 
dorsal  part  is  not  materially  altered  in  position,  and  consequently  the  openings  of  the 
auricular  canal  and  the  aortic  bulb  remain  relatively  close  together.  The  auricle  increases 
in  size  by  lateral  expansion  and  by  forward  extension  of  its  lateral  angles ;  the  forward 
extensions  embrace  the  sides  of  the  aortic  bulb,  and  constitute  the  rudimentary  auricular 
appendages.  In  the  meantime  the  mesocardium  disappears  and  the  heart  lies  free  in  the 
pericardium  except  at  its  extremities. 

Division  of  the  Heart  into  its  different  Chambers,  and  Division  of 

THE  Aortic  Bulb. 

Whilst  the  changes  in  form,  position,  and  size  of  the  different  sections  of  the  primitive 
heart,  which  have  just  been  described,  are  taking  place,  the  division  of  the  heart  cavity 
into  its  four  permanent  chambers,  and  of  the  aortic  bulb  into  its  aortic  and  pulmonary 
portions  commences.  These  divisions  are  brought  about  by  the  growth  of  septa  in  the 
ventricle,  auricle,  and  aortic  bulb,  and  by  the  thickening  and  fusion  of  the  middle  i)ortions 
of  the  upper  and  lower  walls  of  the  auricular  canal. 

The  thickenings  of  the  walls  of  the  auricular  canal  are  called  endocardial  cushions  ; 
they  meet  and  fuse  together  mesially  to  form  the  septum  intermedium  by  which  the 
central  portion  of  the  canal  is  obliterated,  whilst  the  lateral  portions  are  left  patent  as 
small  triangular  channels  which  still  connect  the  auricular  and  ventricular  chambers. 

The  separation  of  the  ventricular  part  of  the  heart  into  right  and  left  chambers  is 
indicated,  externally,  at  a  very  early  period,  by  a  groove,  well  marked  in  front  and  below, 
but  less  distinct  behind  where  it  runs  upwards  to  the  auricular  canal ;  whilst  internally, 
in  a  corresponding  position,  a  ventricnlar  septum  (s.  inferius)  grows  upwards  from  the 
inferior  part  of  the  ventricular  wall.  The  posterior  part  of  the  upper  border  of  this  septum 
unites  with  the  lower  end  of  the  fused  endocardial  cushions  of  the  auricular  canal ;  the 
anterior  part  of  its  upper  border  terminates  a  short  distance  below  the  orifice  of  the  aortic 
bulb,  where  it  unites  with  the  septum  of  the  aortic  bulb  which,  at  a  later  period,  descends 
to  meet  it. 

The  division  of  the  aortic  bulb  commences  at  its  distal  end  between  the  orifices  of 
the  fourth  and  fifth  cephalic  aortic  arches.  It  is  due  to  the  ingrowth  of  two  endocardial 
63 
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thickeuiugs  which  meet  and  fuse  together  from  their  distal  to  their  proximal  end^, 
forming  a  septum  wliich  divides  the  interior  of  the  aortic  bulb  into  two  parts,  and  thcu 
projects  downwards  into  the  ventricular  chamber  till  it  meets  and  fuses  with  the  anteiior 
part  of  the  upper  border  of  the  ventricular  septum.  The  upper  or  distal  part  of  the 
septum  of  the  aortic  bulb  commences  from  the  dorsal  wall  of  the  cavity  between  the 
fourth  and  fifth  cephalic  arches,  and  it  is  placed  transversely,  but  its  lower  end  lies 
more  antero-posteriorly,  therefore  it  twists  spirally  as  it  descends,  and  as  a  result  the  ritht 
part  of  the  ventricle  is  thrown  into  continuity  with  the  fifth  cephalic  aortic  arches,  whilst 
the  left  part  of  the  ventricle  retains  continuity  with  the  remaining  cephalic  aortic  arches. 

After  the  septum  of  the  aortic  bulb  is  completed,  grooves  appear  along  its  mai^ns  on 
the  surface  of  the  bulb ;  the  grooves  deepen  until  they  divide  the  septum  and  consequentlj 
the  bulb  into  two  parts ;  the  part  in  connexion  with  the  right  ventricle  and  the  fifth 
aortic  arch  becomes  the  pulmonary  artery,  and  the  ])art  in  connexion  with  the  left 
ventricle  and  the  remaining  arches  becomes  the  ascending  aorta. 

The  separation  of  the  primitive  auricle  into  right  and  left  portions  is  indicat«?d 
externally  by  the  appearance  of  a  groove  on  the  upper  and  posterior  wall ;  opposite  this 
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Fio.  669.— Development  op  the  Heart  and  the  Main  Artkriks. 
Diagram  of  the  heart,  showing  the  formation  of  its  septa,  and  of  the  cephalic  portion  of  the  arterial  syfteu. 

groove  an  auricular  septum  grows  downwards  in  the  interior  of  the  auricle.  Its  lover 
border  gradually  approaches  the  endocardial  cushion  in  the  auricular  canal,  and  for  a  time 
a  small  opening  is  left  between  the  upper  ends  of  the  fused  endocardial  cushions  and  the 
lower  edge  of  the  septum.  This  is  the  ostium  primnm ;  it  is  closed  by  the  fusion  of  the 
septum  with  the  endocardial  cushions,  but  before  its  closure  is  completed  an  aperture 
appears  in  the  upper  part  of  the  septum ;  this  latter  aperture,  the  ostinm  seconduii 
becomes  the  foramen  ovale.  A  second  auricular  septum,  the  septum  secundumj  grovb 
downwards  to  the  right  of  tlie  first  septum ;  its  lower  margin  passes  the  foramen  iu  the 
septum  prim\im  which  is  called  the  foramen  ovale,  but  stops  some  distance  from  the 
posterior  wall  of  the  auricle,  and  this  margin  constitutes  the  limbuB  VieusseniL  The  limbos 
Vieussenii  forms  the  upper  and  anterior  boundary  of  a  depression  in  the  auricular  septum 
which  is  called  the  fossa  ovalis.  The  floor  of  the  fossa  is  formed  by  the  primary  tepinm, 
and  the  foramen  ovale  which  lies  at  the  upper  part  of  the  fossa  is  closed  after  birth  by  the 
fusion  of  the  primary  and  secondary  septa. 

The  sinus  venosns,  which  in  the  early  stages  receives  the  vitelline  yeimi  from  tbe 
yolk  sac,  the  allantoic  or  umbilical  veins  from  the  placenta,  and  the  ducts  of  CnTier 
which  return  the  blood  from  the  Wolffian  bodies  and  the  body  of  the  embryo^  tiiiio 
divided  into  two  parts  by  tlie  formation  of  a  ledge-like  projection  from  its  posterior  vail 
and  the  lower  end  of  the  septum  secundum  of  the  auricle  crosses  the  ledge  between  the 
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two  pafts  and  becomes  continuous  with  the  Eustachian  valve  along  the  anterior  margin  of 
the  inferior  vena  cava.  The  sinus  venosus  lies  at  first  below  and  behind  the  auricle,  with 
which  it  communicates  freely.  It  is  gradually  divided  into  a  large  right  and  a  small  left 
oomu,  and  its  orifice  of  communication  with  the  auricle  is  constricted,  and  ultimately 
it  is  transformed  into  a  cleft  which  opens  from  the  right  end  of  the  sinus  into  the  back  of 
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Fig.  670. — Diaobam  op  the  Course  of  the  Fcetal  Circulation. 

the  right  part  of  the  auricular  chamber ;  the  cleft  is  guarded  by  two  lateral  valve-like 
folds  of  endocardium,  the  right  and  left  venous  valves,  which  become  continuous  above 
with  a  transitory  downward  projection  from  the  roof  of  the  auricle,  known  as  the  septum 
spnrium.  The  orifice  of  communication  is  divided  into  two  parts  as  the  right  part  of  the 
cavity  is  absorbed  into  the  auricle.  The  left  part  of  the  orifice  becomes  the  opening  of 
the  coronary  sinus  and  the  right  is  opened  out  as  the  right  part  of  the  sinus  is  absorbed 
into  the  auricular  cavity. 

In  the  early  stages  the  veins  of  the  two  sides  opened  into  the  corresponding  sections 
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thickenings  which  meet  and  fuse  together  from  their  distal  to  their  proximal  end^, 
forming  a  septum  which  divides  the  interior  of  the  aortic  bulb  into  two  parts,  and  then 
projects  downwards  into  the  ventricular  chamber  till  it  meets  and  fuses  with  the  anterior 
part  of  the  upi)er  border  of  tlie  ventricular  septum.  The  upper  or  distill  part  of  the 
septum  of  the  aortic  bulb  commences  from  the  dorsal  wall  of  the  cavity  between  the 
fourth  and  fifth  cephalic  arches,  and  it  is  placed  transversely,  but  its  lower  end  lie^ 
more  antcro-posteriorly,  therefore  it  twists  spirally  as  it  descends,  and  as  a  result  the  rijjht 
part  of  the  ventricle  is  thrown  into  continuity  with  the  fifth  cephalic  aortic  arches,  whilst 
the  left  part  of  the  ventricle  retains  continuity  with  the  remaining  cephalic  aortic  arches. 

After  the  septum  of  the  aortic  bulb  is  completed,  grooves  appear  along  its  margins  on 
the  surface  of  the  bulb ;  the  grooves  deepen  until  they  divide  the  septum  and  consequently 
the  bulb  into  two  parts ;  the  part  in  connexion  with  the  right  ventricle  and  the  fifth 
aortic  arch  becomes  the  pulmonary  artery,  and  the  [)art  in  connexion  with  the  left 
ventricle  and  the  remaining  arches  becomes  the  ascending  aorta. 

The  separation  of  the  primitive  auricle  into  right  and  left  portions  is  indicatcii 
externally  by  the  appearance  of  a  groove  on  the  upper  and  posterior  wall ;  opposite  this 
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FiQ.  669.— Devblopmbnt  op  the  Hkaut  and  the  Main  Abteribs. 

Diagram  of  the  lieart,  showing  the  formation  of  its  septa,  and  of  the  cephalic  portion  of  the  arterial  system. 

groove  an  auricular  septum  grows  downwards  in  the  interior  of  the  auricle.  Its  lower 
border  gradually  approaches  the  endocardial  cushion  in  the  auricular  canal,  and  for  a  time 
a  small  opening  is  left  between  the  upper  ends  of  the  fused  endocardial  cushions  and  the 
lower  edge  of  the  septum.  This  is  the  ostium  primum ;  it  is  closed  by  the  fusion  of  the 
septum  with  the  endocardial  cushions,  but  before  its  closure  is  completed  an  aperture 
appears  in  the  upper  part  of  the  septum ;  this  latter  aperture,  the  ostinm  BecnndniiL 
becomes  the  foramen  ovale.  A  second  auricular  septum,  the  septum  secundum,  gTOv^ 
downwards  to  the  right  of  the  first  septum ;  its  lower  margin  passes  the  foramen  in  the 
septum  prim\im  which  is  called  the  fommen  ovale,  but  stops  some  distance  from  the 
posterior  wall  of  the  auricle,  and  this  margin  constitutes  the  limbos  VieusseiiiL  The  limbus 
Vieussenii  forms  the  upper  and  anterior  boundary  of  a  depression  in  the  auricular  septum 
which  is  willed  the  fossa  ovalis.  The  floor  of  the  fossa  is  formed  by  the  primary  septum, 
and  the  foramen  ovale  which  lies  at  the  upper  part  of  the  fossa  is  closed  after  birth  bj  the 
fusion  of  the  jirimary  and  secondary  septa. 

The  sinus  venosus,  which  in  the  early  stages  receives  the  vitelline  yeina  from  the 
yolk  sac,  the  allantoic  or  umbilical  veins  from  the  placenta,  and  the  ducts  of  Cuvier 
which  return  the  blood  from  the  Wolffian  bodies  and  the  body  of  the  embryo,  is  »1» 
divided  into  two  [>arts  by  the  formation  of  a  ledge-like  projection  from  its  posterior  will 
and  the  lower  end  of  the  septum  secundum  of  the  auricle  crosses  the  ledge  between  the 
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of  the  8iuu.s  venosus,  but  numerous  transformations,  which  are  described  io  the  acoouut 
of  the  development  of  the  veins,  occur,  and  finally  all  the  veins,  except  the  left  duct  of 
Cuvier,  open  into  the  right  end  of  the  sinus,  and  ultimately  into  the  auricle  as  the  righi 
part  of  tlie  sinus  is  absorbed  into  it ;  the  left  ])art  of  the  sinus  becomes  a  niero  appendage  of 
ilie  rijxlit,  and  is  tmnsformed  into  the  coronary  sinus  which  receives  the  blood  from  tlit 
walls  of  the  adult  heart. 

'i'hus,  when  the  development  of  the  heart  is  completed,  all  the  large  veins  which  reach 
the  heart,  with  the  exception  of  the  p\ilnionary  veins,  open  into  the  right  auricle,  and 
into  that  part  of  the  chamber  formed  by  the  absorption  of  the  right  end  of  the  sinus 
venosus.  Indications  of  the  primitive  sepiration  of  the  auricle  from  the  sinus  vem)su> 
are  still  recognisable  in  the  adult,  as  the  sulcus  terminalis  on  the  exterior,  the  cum- 
sponding  crista  terminalis  in  the  interior,  and  the  Eustachian  and  Thebesian  valves; 
the  Eust^achian  valve  is  a  remnant  of  part  of  the  valvular  fold  which  was  situated  at  the 
right  margin  of  the  slit-like  aperture  of  communication  between  the  sinus  venosus  and 
the  auricle,  whilst  the  valve  of  Thebesius  represents  a  fold  of  endocardium. 

The  valves  which  guard  the  auriculo- ventricular  orifices  are  downgrowths  from  the 
lower  end  of  the  auricular  canal.  The  valves  of  the  pulmonary  and  aortic  apertures  are 
preceded  by  four  endocardial  thickenings  at  the  lower  end  of  the  aortic  bulb — anterior, 
posterior,  and  two  lateral.  As  the  septum  of  the  bulb  descends  it  fuses  with  the  middle 
parts  of  the  lateral  thickenings ;  thus,  when  the  septum  of  the  bulb  has  descended  Ixluw 
the  lower  oritice  of  the  bulb,  dividing  it  into  aortic  and  pulmonary  apertures,  ihrw 
endocaniial  thickenings  are  found  in  each  aperture,  one  anterior  and  two  posterior  in  the 
pulmonary  aperture,  and  the  reverse  in  the  aortic  orifice.  From  these  thickenings  the 
semilunar  valves  of  the  aortic  and  pulmonary  apertures  arc  developed,  and  they  retaiu 
their  original  positions  until  after  the  sixth  month  of  foetal  life ;  ultimately,  however,  they 
are  twisted  round,  so  that  in  the  adult  the  pulmonary  valves  are  placed  two  in  front  aud 
one  behind,  and  the  aortic  one  in  front  and  two  behind. 

The  Aoktic  Arches — Formation  of  the  Chief  Arteries. 

The  aortic  arches  at  the  head  end  of  the  embryo  connect  the  aortic  bulb  aud  the 
ventral  aorta)  in  front  of  the  bulb  with  the  corresi^nding  parts  of  the  primitive 
dorsiil  aortic.  The  arches,  ten  in  number,  are  arranged  in  pairs.  There  are,  therefore, 
live  arches  on  each  side,  and  they  are  distinguished  from  before  backwards  by  their 
numerical  designation.^ 

The  first  is  formed  during  the  development  of  the  head  fold  by  the  bending  of 
the  primitive  aortal ;  it  lies  at  the  side  of  the  bucco-pharyngeal  area,  and  sulise- 
«piently  in  the  substance  of  the  mandibular  arch.  The  remaining  aortic  arches  are 
formed  quite  differently,  and  grow  dorsally  through  the  substance  of  the  remaining 
visceral  arches,  as  these  are  formed  hi  regular  succession  in  the  side  wall  of  the  pharyn- 
geal portion  of  the  foregut.  The  second  springs  directly  from  the  anterior  ventral  aorta. 
and  passes  through  the  hyoid  arch  to  the  dorsal  aorta,  but  the  third,  fourth,  aud  fifdi 
spring  by  a  common  trunk  from  the  apex  of  the  aortic  bulb.  Subsequently,  however,  and 
as  the  neck  gi-ows  forwards,  the  anterior  ventral  aorta  is  elongated,  and  the  third  and 
fourth  arches  arise  separately  from  it.  At  this  later  period,  therefore,  four  vessels,  two 
on  each  side,  spring  from  the  aortic  bulb,  viz.  the  two  fifth  arches  and  the  two 
anterior  ventral  aortte  from  which  the  anterior  four  pairs  of  arches  arise.  When  the 
septum  of  the  aortic  bulb  is  developed,  the  bulb  is  divided  into  two  parts,  one  (the 
pulmonary  artery)  connecting  the  fifth  arches  with  the  right  ventricle,  and  tlie  other 
(the  ascending  aorta)  connecting  the  ventral  aortic  stems,  and  through  them  the 
fii*st,  second,  third,  and  fourth  pairs  of  arches,  with  the  left  ventricle.  Each  cephalic 
aortic  arch  is  connected  with  the  arch  innnediately  behind  it  by  a  dorsal  root,  and  in  tlie 
cases  of  the  first  three  arches  by  a  ventral  root  also ;  but  the  ventral  root  of  the  fourth 
arch  connects  it  with  the  aortic  bulb.  The  dorsal  and  ventral  roots  of  the  arches  are 
simj)ly  portions  of  the  primitive  ventral  and  dorsal  aorta3,  which  are  so  named  merely 
for  descriptive  purposes.  From  the  dorsal  roots  a  series  of  segmental  branches  are 
given  off,  which  pass  dorsally,  between  the  rudiments  of  the  transverse  processes  of  the 
cervical  vertebne,  to  supply  the  spinal  cord  and  its  membranes  and  the  muscles  and 
fascite  of  the  Imck. 

The  five  {>airs  of  arches  do  not  all  persist  in  their  entirety,  but  remains  of  each  are 

^  111  some  of  the  lower  forms  six  aortic  arches  have  been  recognised,  and  it  u  poosible  that  what  we  know 
xs  the  fifth  iu  tiie  human  subject  corresponds  with  the  sixth,  the  fifth  not  being  formed,  or  poasesaing  ooly  ■ 
very  transitory  and  rudimentary  existence. 
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from  the  corresponding  seventh  somatic  segmental  branch  of  the  primitive  aorta,  from  iti 
ventral  branch,  and  from  the  lateral  offset  of  the  latter.  It  is  indeed  the  lateral  ofiwt 
of  the  ventnil  branch,  growing  outwards  into  the  developing  limb,  which  forms  the 
prolongation  of  the  stem. 

The  root  of  the  right  stem  vessel,  constituted  by  the  right  subclavian  artery  from  its 
origin  almost  as  far  as  the  point  at  which  the  right  vertebral  artery  arises,  is  formed 
by  the  fourth  right  aortic  arch  ;  on  the  left  side  the  fourth  arch  takes  no  part  in  the 
formation  of  the  subclavian  artery. 

In  the  lower  limbs  the  primary  main  arterial  stem,  on  each  side,  is  represented  by  the 
sciatic,  the  popliteal,  and  the  peroneal  arteries.  The  sciatic  artery  arises  from  the  caudal 
arch,  and  it,  together  with  its  prolongation  through  the  popliteal  space  and  leg,  is  prohablr 
formed  from  a  somatic  segmental  vessel,  but  to  which  parts  of  this  it  corresponds  is  not 
clear.  The  external  iliac  artery,  prolonged  into  the  limb  as  the  femoral  artery,  is 
developed  at  a  later  period  than  the  sciatic  artery.  It  arises  from  the  caudal  aortic  arch 
above  the  origin  of  the  sciatic  artery,  and,  like  the  latter  tnmk,  is  probably  a  modified 
somatic  segmental  vessel.  The  femoral  artery  soon  after  its  formation  unites  with  the 
primary  main  stem,  at  the  upper  part  of  the  popliteal  space;  the  sciatic  artery  thcD 
atrophies  and  loses  its  connexion  with  the  popliteal  artery,  and  ultimately  a  permaneut 

chief  stem  vessel  is  formed,  which  includes 
the  external  iliac,  the  femoral,  the  popliteal 
and  the  peroneal  arteries,  and  obviously  it 
represents  the  two  somatic  segmental  vesseU 
by  which  it  is  formed.  Both  in  the  upper 
and  in  the  lower  limb,  branches  which  attain 
a  large  size  are  given  off  from  the  main  stem 
artery  a  short  distance  beyond  the  joint 
between  the  upper  and  middle  sections  of 
the  limb,  i.e,  below  the  elbow  in  the  upper 
limb  and  below  the  knee  in  the  lower  limh, 
and  on  account  of  the  relatively  great  en- 
largement of  these  branches  the  continuity 
of  the  original  stem  is  obscured.  Thus  it  is 
that,  in  the  adult,  the  brachial  artery,  the 
direct  continuation  of  the  stem  which  is 
divided  into  subclavian,  axillary,  and  brscfai^ 
sections,  appears  to  terminate  by  dividing 
itito  the  radial  and  ulnar  arteries,  whilst 
originally  it  was  continued  through  whai^ 
in  the  adult,  is  the  upper  part  of  tbe  ulnv 
artery  to  the  anterior  interosseous  artery: 
the  posterior  interosseous,  the  radial,  and 
the  ulnar  arteries  being  merely  branches  from 
the  main  stem. 

Similarly,  in  the  lower  extremity  the 
popliteal  artery,  which  is  the  continuation 
of  the  original  stem  artery,  appears  to 
terminate  in  the  adult  by  dividing  into  the 
anterior  and  posterior  tibial  arteries^  both  of 
which  in  reality  are  branches  from  the  udes 
of  the  main  stem  which  was  continued  to 
the  foot  as  the  peroneal  artery. 


^^EKteruRl  Iliac  vein 
i-anlinjil  vt^in  (intenial 
Fkj.  671. — DBVEI^)rMENT   OF   THE   VkNOUS   SySTEM 

(Diagrammatic). 


DEVELOPMENT  OF  THE  VEIN& 

Simultaneously  with  the  formation  of  the 
arteries  by  which  the  blood  is   distributed 
to  the  embryo  and  to  the  rest  of  the  ovum. 
Stage  I.— The  ducts  of  Ciivier,  the  vitelline  veins,  and  *^"<^  "^  *^  similar  manner,  a  series  of  vessels  is 
tlie  umbilical  veins  open  directly  into  the  heart.        developed   by  means  of  which  the  blood  is 

returned  to  the  heart  These  vessels  arc  the 
veins,  of  which  there  arc  two  main  groups.  One  group  returns  blood  from  the  abdominal 
viscera  and  the  annexa  (the  yolk-sac  and  allantois) ;  the  other  group  includes  the  vessels 
which  return  blood  from  the  Wolffian  bodies,  the  body  wall,  the  head  and  neck,  and  the 
limbs  of  the  embryo,     llie  first  group  consists  of  the  vitelline,  allaatoie,  and  pivtal 
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The  primitive  jugular  and  cardinal  veins,  and  the  ducts  of  Cuvier,  which  constitute  the 
main  veins  of  the  Wolffian  body,  and  of  the  body  wall,  head,  neck,  and  limbs  of  the  embiyo, 
arc  represented  in  the  adult  by  the  external  jugular  veins,  the  whole  of  the  right  and  part 
of  the  left  innominate  veins,  the  superior  vena  cava,  the  azygos  veins,  the  left  superior 
intercostal  vein,  part  of  the  inferior  vena  cava,  the  right  common  iliac  vein,  a  small  part  of 
the  left  common  iliac  vein,  and  both  right  and  left  internal  iliac  veins. 

The  primitive  jugiilar  vein  of  each 


-Lateral  siiiuii 


iiternal  Jiigiilor  vein 
Bxtenial  Jugtilar  vein 

"<«<-— Subclavian  vein 


€anlinal  voin 
Duct  of  Cuvier 


Fig. 


side  returns  blood  from  the  head  and 
neck,  and  corresponding  upper  extremity, 
and  it  terminates  below  by  fusing  with 
the  cardinal  vein  to  form  a  common  trrmk, 
the  duct  of  Cuvier,  which  opens  into  the 
sinus  venosus.  Each  cardinal  vein  returns 
blood  from  the  body  wall,  the  Wolffian  body, 

Transverse  anastomosis  ^nd  the  lower  extremity  of  its  own  side. 
Numerous  transverse  anastomoses  are 
developed  between  the  primitive  jugular 
and  cardinal  veins  of  opposite  sides,  and 

Heart  of  thesc  four  are  specially  important,  one 

between  the  primitive  jugular  veins  and 
insverse anastomosis  three  between  the  cardinal  veins;  tbe 
former  becomes  the  left  innominate  van; 
of  the  latter,  the  upper  two  become  the 
transverse  parts  of  the  upper  and  lower 
smaller  azygos  veins,  and  the  third  fonns 
the  left  common  iliac  veiu.  As  these 
transverse  channels  develop  further 
changes  occur  in  the  primitive  jugular 
and  cardinal  trunks.  At  first" the  upper 
extremity  of  the  primitive  jugular  vein 
is  in  direct  continuity  with  the  venom 
sinuses  of  the  cranium  through  an  aper 
ture,  the  post-condyloid  fonuneu,  in  front 
of  the  external  ear ;  but  this  contiuuitj 
is  destroyed,  and  the  aperture  in  the 
skull  closes  as  soon  as  a  new  veswl, 
which  becomes  the  internal  jugular  vein, 
has  grown  upwards  from  a  point  on  the 
inner  side  of  the  primitive  jugular  trunk 
and  has  established  a  coromunicatioo 
with  the  lateral  sinus  through  the  jugular 
foramen.  This  vessel  rises  l>ehind  the 
stemo-clavicular  joint,  just  opposite  to, 
or  slightly  below,  the  entrance  of  the 
subclavian  vein  into  the  outer  side  of  the 
primitive  jugular  vein. 

With  the  exception  of  its  upper 
extremity,  the  whole  of  the  primitive 
jugular  vein  remains  on  both  sides  in  tbe 
adult.  On  the  right  side,  above  the 
transverse  anastomosis  between  the  two 
primitive  jugular  veins  which    beoomet 


Vena  revehens 


Liver 


Vena  advehenN 


U'mbilical  vein 


plenic  vein 
.Siil>erior  mesenteric  vein 

tpllinc  vein 


•Transverne  anantoniortis 
External  iliac  vein 
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(Diagraniniftti(0* 
Stage  III.— The  right  umbilical  vein  b;w  disappeared,  and   r,       i  #.    •       "_.      .  •        •*    ^  ^v 

the  superior  inoseuteric  and  splenic  veins  have  joined   ^^^  ^^^^  umommate  vem,    it    forms  the 

the  fused  vitelline  veins.  external  jugular  vein,  and  that  portion 

of  the  right  subclavian  vein  which  inter 
venes  between  the  external  jugular  and  internal  jugular  veins,  and  also  the  right  innominate 
vein  ;  below  the  anastomosis  it  forms  the  upper  part  of  the  superior  vena  cava,  the  lower 
part  of  the  latter  vessel  from  the  entrance  of  the  vena  azygos  major  downwards  repre- 
senting the  right  duct  of  C\ivier,  which,  though  it  is  placed  transversely  in  the  early 
stages,  becomes  more  vertical  as  the  heart  descends  in  the  thoracic  cavity.  On  the  left 
side  above  the  transverse  anastomosis  it  forms  the  external  jugular  vein,  the  innennoit 
part  of  the  subclavian  vein,  and  a  small  part  of  the  left  innominate  vein ;  the 


of  the  latter  vessel  being  formed,  as  before  stated,  from  the  transverse  anastomosia 
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Subclavian 


portion  of  the  left  primitive  jugular  vein  which  lies  below  the  anastomosis  is  represented 
in  the  adult  by  the  upper  part  of  the  left  superior  intercostal  vein.^ 

The  portions  of  the  cardinal  veins  lying  below  the  transverse  anastomosis  which 
becomes  the  left  common  iliac 
▼ein  remain ;  that  on  the  right 
forms  the  right  internal  and 
common  iliac  veins,  but  the 
left  formsonly  the  left  internal 
iliac  vein  and  a  small  part  of 
the  left  common  iliac  vein,  for 
the  transverse  anastomosis 
commences  on  the  left  side 
almost  opposite  the  point  of 
entrance  of  the  external  iliac 
▼ein,  whilst  it  terminates  on 
the  right  side  at  a  higher 
lereL 

From  the  left  common 
iliac  Yciu  to  the  renal  vein 
the  cardinal  vein  of  the  left 
aide  disappears ;  that  on  the 
right  side  becomes  the  lower 
part  of  the  inferior  vena  cava, 
to  which  the  blood  passes 
from  the  left  side  of  the  ab- 
dominal wall  by  means  of 
small  transverse  anastomosing 
channels  which  existed  be- 
tween the  cardinal  veins,  and 
which  persist  as  the  terminal 
portions  of  the  left  lumbar 
veins. 

Above  the  renal  veins  part 
of  the  right  cardinal  vein 
persists  as  the  vena  azygos 
major,  and  the  left  forms  the 
upper  and  lower  minor  azygos 
▼eins  and  the  lower  part  of  the 
left  superior  intercostal  vein. 
The  azygos  minor  veins  open 
into  the  azygos  major  by  the 
two  transverse  anastomosing 
channels  which  form  between 
the  upper  parts  of  the  cardinal 
veins. 

The  upper  part  of  the 
inferior  vena  cava  is  de- 
veloped as  an  outgrowth  from 
the  common  trunk  fonncd  by 
the  fusion  of  the  ductus 
venosus  with  the  right  hepatic 
vein.     It  grows   downwards. 


Right  braneli  of 
portal  v&m' 


l^X^Ttkl  *\am 
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Fig.  674.— Development  of  the  Venous  Ststkm  (Diagram malic ). 


behind  the  liverand  along  the  ^^^    IV.-The    left  umbilical  has  joined  the  upper  part   of  the  left 
*   Kf      *H         f    fVi      vftt^ftK^Kil  vitelline  vein  ;  the  ductus  venosus  and  the  upper  part  of  the  inferior 


vena  cava  have  appeared,  and  portiona  of  the  primitive  jugular  and 
cardinal  veins  have  atrophied. 


of  the  vertebral 
column,  to  the  interval  be- 
tween the  kidneys,  where  it 
divides  into  two  branches,  of  which  the  right  anastomoses  with  the  right  cardinal  vein 

'  The  ftccount  which  has  been  given  of  the  primitive  jugular  veins  is  that  which  haa  been  generally  accepted 
for  many  yean,  but  in  1895  Salza's  observations  on  the  guinea-pig  led  him  to  dispute  the  correctness  of  the 
descriptioD,  and  Mall's  recent  investigations  on  human  embryos  confirm  Salza's  work.  From  the  results  of 
the  investigations  of  these  observers  it  appears  that  the  extenial  jugular  vein  is  a  secondary  vein,  and  the 
iDtemal  jugular  ii  part  of  the  primitive  jugular  which  originally  extended  forwards  to  the  anterior  end  of  the 
Miperior  longitudinal  sinus.  Us  connection  with  the  sinus  is  soon  lost,  and  the  only  intracranial  remainder  of 
the  primitive  vein  is  the  cavernous  sinus. 
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at  the  level  of  the  renal  vein ;  it  receives  the  suprarenal  vein,  and  it  terminates  in  s 
tapering  extremity  which  is  said  to  become  the  spermatic  vein  of  the  right  side.  The 
left  branch  passes  across  the  front  of  the  aorta  below  the  superior  mesenteric  artery,  and 
unites  with  the  left  cardinal  vein  at  the  point  of  the  entrance  of  the  renal  vein.  It  givi-s 
off  an  upper  branch  which  becomes  the  left  suprarenal  vein,  and  a  lower  which  becomes 
the  left  spermatic  vein.  As  before  pointed  out,  the  left  cardinal  vein  disappears  between 
tiio  renal  vein  and  the  left  common  iliac  vein,  whilst  the  right  remains  as  the  lower  purt 
of  the  inferior  vena  cava.  The  left  division  of  the  upper  part  of  the  inferior  vena  cava, 
which  crosses  the  aorta  below  the  superior  mesenteric  artery,  remains  as  the  inner  portion 
of  the  left  renal  vein,  which  therefore  receives  the  left  spermatic  and  left  suprarenal  \t^m 
as  tributaries. 

The  Veins  of  the  Limbs. 

Two  sets  of  veins  are  developed  in  each  limb,  the  snperfleial  and  the  deep ;  the  foniirr 
are  the  primary  vessels,  and  as  a  rule  they  are  quite  apart  from  the  limb  arteries ;  the 
deep  veins  are  secondary,  and  they  accompany  the  arteries  of  the  limb. 

At  the  peripheral  extremity  of  each  limb  a  venous  arch  is  developed,  which  is  subse- 
quently connected  with  the  digital  veins.  In  the  upper  extremity  the  arch  terminates  tju 
the  ulnar  (post-axial)  side  of  the  limb  in  a  trunk  which  afterwards  becomes  the  po6teric«T 
ulnar,  basilic,  axillary,  and  subclavian  veins.  At  a  latter  period  additional  superficial 
vessels  are  formed,  and  of  these  a  median  vein  which  drains  the  palm,  and  a  radial  which 
commences  on  the  radial  side  of  the  dorsum  of  the  hand,  are  the  most  important.  The 
radial  passes  up  the  preaxial  border  of  the  limb,  becomes  the  cephalic,  and  for  a  time 
terminates  in  the  primitive  jugular  vein  ;  ^  this  connexion  is  usually  lost,*-^  and  a  new  com- 
munication is  formed  with  the  axillary  vein.  The  median  vein  ends  in  an  anastomobing 
vessel  between  the  basilic  and  cephalic  veins  at  the  elbow,  and  through  which  it  also 
communicates  with  the  deep  veins. 

in  the  lower  extremity  the  peripheral  venous  arch  terminates  in  a  fibular  or  post -axial 
trunk,  which  remains  in  the  adult  as  the  external  saphenous  vein ;  its  connexion  with  the 
sciatic  vein,  which  was  its  original  continuation  upwards,  is  soon  lost,  and  a  new  com- 
munication is  formed  with  the  popliteal  vein. 

The  internal  saphenous  vein  is  a  later  development  which  appears  ou  the  pre-axi&l 
border  of  the  limb,  and  terminates  in  the  femoral  vein. 

The  deep  veins  ap[)ear  as  a  series  of  anastomosing  channels  at  the  sides  of  the 
arteries. 

The  Pulmonary  Veins. 

The  pulmonary  veins  develop  simultaneously  with  the  lungs,  and  at  first  the  veins 
from  both  lungs  unite  to  form  a  single  trunk,  which  enters  the  left  auricle  posteriorly, 
close  to  the  auricular  septum  ;  subsequently  the  single  trunk  is  absorbed,  and  two  veins, 
one  from  each  lung,  enter  the  left  auricle,  and  eventually,  as  the  result  of  further 
absorption,  two  veins  from  Oiich  lung  terminate  in  that  cavity. 

The  Lymphatic  Vessels. — The  lymph  vessels  commence  as  outgrowths  from  the 
large  veins  at  the  root  of  the  neck  and  gradually  extend  throughout  the  body  by  a  pro- 
cess of  budding,  at  least  this  appears  to  be  the  case  in  the  pig.  The  growth  therefore  is 
from  the  centre  to  the  periphery,  and  the  communications  with  the  large  serous  cavities 
must  be  formed  secondarily. 

MOKPHOLOGY  OF   THE  VASCULAR  SYSTEM.  . 

In  conforniity  with  the  general  plan  of  the  vertebrate  lx)dy,  the  vascular  system  is  essentially 
segmental  in  character.  This  is  obviouH,  even  in  the  adult,  in  the  intercostal  "and  lumbar  vosek 
It  is  di.stinguisliable,  though  less  obvious,  in  the  vessels  of  the  head  and  neck  and  of  the  pelvisL 

The  segnifutal  arttries  and  veins  form  a  series  of  bilaterally  symmetrical  vessels,  tanch  \i 
wliirh  is  united  to  the  vessels  of  adjacent  segments  by  intersegmental  channels,  which  anastomo^ 
with  one  another,  through  the  portions  of  the  segmental  ve^els  which  they  connect  tcgfthff, 
and  thus  form  longitudinal  trunks.  The  longitudinal  trunks  are  mainly,  though  not  eicliwiTek, 
intei'segniental.  From  them  the  main  stem  vessels  of  the  individual  are  formed,  and  from  or  io 
these  latter  the  segmental  vessels  a])pear  to  proc(*ed  as  ]>i'anches  or  tributariea 

In  the  course  of  development  the  longitudinal  trunks  become  the  most  important  trunk*  iu 
the  individual,  and  they  are  formed  before  the  segmental  vessels  make  their  appearance. 

^  See  note  on  page  937. 

'^  In  certAiu  cases  it  remains,  aud  then  the  cephalic  vein  cras.ses  the  front  of  the  clavicle  and  tenniMtff 
ID  the  external  jugular  vein. 
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The  Segmental  Arteries  and  their  Anastomoses. 

The  main  longitudinal  trunks  are  the  primitive  aortae.    The  descending  aorta  is  formed,  in 
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Fig.  675. — DiAaRAM  ok  thb  Cephalic  Aortic  Arches,  and  of  thb  Segmental  and  Interseomental 
Arteries  in  the  Region  in  Front  of  the  Umbilicus. 
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ventral    aorta    and    the    ventral    somatic  P.V.A. 
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Ventral  splanchnic  anastomosis. 


the  greater  part  of  its  extent,  by  the  fusion  of  the  dorsal  parts  of  the  primitive  aortui,  and  from  it 
the  segmental  arteries  arise  in  pairs. 
In  a  typical  segment  of  the  body 
of  the  embryo  there  are  three  seg- 
mental arteries  on  each  side.  One 
rises  from  the  dorsal  surface  of  the 

Srimitive  dorsal  aorta,  t.*.  from  the 
orsal  lon^tudinal  trunk,  and  runs 
ontwards  m  the  tissues  developed 
from  the  somatic  mesoderm ;  it  is 
distributed  to  the  body  wall,  in- 
cluding the  spinal  column  and  its 
contents,  and  is  termed  a  somatic 
Mgment&l  artery.  A  second  vessel 
rises  from  the  side  of  the  primitive 
dorsal  aorta ;  it  is  distributed  to 
the  structures  developed  from  the 
intermediate  cell  mass,  viz.  the 
suprarenal  body,  the  kidney,  and 
the  ovary  or  testicle^  and  it  is  .ac- 
coniingly  termed  the  intermediate    CM. A.  A.  Caudal  aortic  arch. 


Fio.  676. — Diagram  ok  the  Caudal  Aortic  Arch, 
Segmental  and  Intersegmental  Arterikm  in 
behind  the  Umbilicus. 
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Tiscenii  artery.  The  thinl  artery, 
which  is  known  as  the  splanchnic 
•egment&l  artery,  springs  from  the 
ventral  surface  of  the  descending 
aorta.  It  runs  in  the  tissues  de- 
veloped from  the  splanchnic  meso- 
derm, and  supplies  the  wall  of  the 
alimentary  canaL 

The  somatic  segmental  arteries  form  in  the  early  embryo  a  regular  series  of  naired  vessels 
throughout  the  cervical,  dorsal,  lumbar,  and  sacral  regions.  It  is,  however,  only  in  tiie  dorsal  and 
lumbar  regions  that  their  original  characters  are  retained.    The  paired  ve.s8ela  paaa  bajck^wAs. 


Dorsal  splanchnic  ana- 
stomosis. 

Middle  sacral  artery. 

Parietal  branch  from 
caudal  ar(*h. 

Primitive  dorsal  aorta. 

Primitive  ventral  aorta. 


Somiitic     s<*gmental 

arteries. 
Splanchnic     segmental 
arteries. 
V.K.D.  (lly).  Branch  to  a  ventral 

enteric  diverticulum. 
Vi.C.        Visceral  branch  from  the 
caudal  arch. 


V.V.  Vitelline  vessels. 
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liy  tlu*  ^^i(l^.•.s  ol  \]w  viMtt'br.T,  and  divide  into  doi-sal  mid  ventral  bmiiches  wliich  accumiuiiiv  iji. 

<oiT('sj»raiding  anttM-ior  and  jjosterior  iniinary  divi^^ion.s  of  the  spinal  nerve*. 

The  ventral  branches  run  outwanVs  l)ot\voen  llie  ribs  in  the  dorwil  rfgiou,  and  in  criiTf?']'«i'.i!:. 

in«,'  I)(>sition^^  in  tin*  lumbar  re^'ion.     Tbey  arc  connected  together,  near  their  couinjencenieiits  •■;. 

a  series  uf  ]>ren)stal  annslnmoses  which  paiss  in  front  of  the  necks  of  the  rili?*,  and  they  ar«*  a> 

('<)iinecle<l  lci«:,'i'thfr  near  tlieir  terminations  by  ventral  anastomosing  ehannols  which  run  in  t!i- 

tlioracic  re«,n«)ii  l)pliin«l  the  costal  cartilages,  and  in  the  lumbar  region  )K»hind  rjr  in.  the  subit:i:i'i 

(»f  the  riMtu<  abd<»minis  mu.sele.    Each  ventral  branch  gives  oft*  a  lateral  off'rH't  which  is  ili>triliiit..ii 

like  the  lateral  cutaneous  branch  of  a  spinal  nerve. 

The  dorsal  branches  run  backwaitis  l>elween  the  transvei-se  ju-orwwes  of  the  vertebrar ;  iht}  .in 

cr>nm>(ted  behind  the  necks  f)f  the  ribs  by  ]H)st -costal  anastomoses,  and  again  behind  the  tiansvi-r^.- 

pwK^esdi'S  of  the  vertrbr;e  1  v 
jHist -transverse  anasionifi^in; 
cliannels.  Morr-rivi-r,  (•iv.u 
doi-sal  bnindi,  a:*  it  pri^**-:- Iv 
the  oorn«iK>uding  int»-rvfrtr- 
bral  foramen,  gi  v^-s  rilT  a  "«iiiiia'. 
offset  which  enters  tlie  sj.iuil 
canal  along  the  eonvsj m  iiKiiu: 
nerve-root,  and  divide.-?  iiitn  r. 
dorsal,  a  ventral,  and  a  nearV. 
branch.  The  dor>al  brain  h-^ 
of  these  spinal  arteries  mrv  otu- 
nected  togc*ther  along  the 
ventral  surfaced  of  the  lamiii.^ 
by  pre-laniiuar  anaj>tomrrcf. 
and  the  ventral  branchc's  aiv 
united  oii  the  dorsal  surf^'K? 
of  the  vertebral  centra  with 
their  fellows  alK»vo  and  bclw 
by  post -central  anastonirB^i 
they  are  also  unite*!  with 
their  fellows  of  the  opr*jeitr 
side  by  transverse  communi- 
cating channels.  The  ncu.-il 
branclics  of  the  spinal  arterit- 
divide  similarly  into  cloisil 
and  ventral  branches;  ihr 
dorsal  branches  of  earh  ^i•lt. 
are  connected  together  l«y]«'^:- 
neural  anastomoses,  and  the 
ventral  bran  dies*  unite  in  thr 
middle  line  l.i«>th  with  tLrir 
fellnws  above,  and  K-I»«u-  an-j 
with  those  of  the  opi)usite  j-il-. 
forming  a  single  longitulirj=i* 
I»re-neural  trunk. 

In  the  don<i«il  and  biiulsr 
regions  of  the  Ixxly  t  he  MMnati. 
si'gmental  artorie^s  p^i-si-t  ari'.! 
form  the  interctvstal  and  lui> 
Iwir  arteriejs.  Tlu-fH-  vls.-*!- 
spring  fixun  the  dorsd  a-^i*^  i 
of  the  descend  ing  aort  a^  u.«;uay.y 
in  j^ain^  The  coriY'^^jv.iiidir.^; 
vessels  of  opjioite  side--,  h'.'.^- 

ever,  (Mca.-icjnally  fu>«-  tDgeilier  ai  their  origin^,  simultaneously  with  the  fuh^ion  of  the  dinx;! 

longitudinal  trunks  to  form  the  de.<eending  aorta,  ami  then  they  aris<i  by  common  stems. 

The  ]>recostal  an.istomoses  between  the  ventral  branches  of  the  somatic  segmental  arte ri- 

;ire  only  represeutt'<l  in  the  doisal  region  by  the  sujwrior  intercostal  arteries  ;    in  the  liiml::: 

re;:ii(»n  they  rli.<;ippear  entirely.      The  anast(»mose.s  l»etween  the  anterior  ends  of  the  vcmn'. 

branc'he.<  of  ihf  .<umatic  segmental  arteries  ])ei-si.st  as  the  intenial  mammary  and  deep  epigjiiri- 

arl»-ri«'.<. 

The  lateral  olfsets  of  the  ventral  branr-lK-s  are  ivT>n\<ent4fl  by  the  cutaneous  arterie.- whi--. 

accompany  the  lateral  cutaneous  branches  of  the  spinal  nerves. 

The  post -<'Ofstal  and  post-trauhverM*  anastomoses  usually  disappear  in  the  doi-sal  and  bun  Mr 

regions,  but  the  post-cost.'il  anastomoses  occasionally  ]H-i*sist  in  the  upper  dorsiil  region,  and  tak'. 

part  in  the  formation  of  the  vertebral  artery,  whicli  in  sueh  cases  arist^s  fr^un  the  tirst  or  ft^:"U'i 

intercostal  artery.     In  some  cjirnivores  the  i)ost -costal  longitudinal  vessels  persist  in  the  uj-jit: 

dorsal  region,  and  foi-m,  on  each  side,  a  trunk  which  is  connected  with  the  lirst  aortic  ijitt-ifH-iJ. 

;ind  which  suj»i>lies  the  live  anterior  intercostal  sj»aces. 

Thi'  j)re-lamiiiar,  the  p<wt-central,  and  the  pre-  and  iK)st-neural  anastomoses  pei^ist,  lliein- 
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Klii.  677.  DiACHAM  SHOWING  thi:  AKKAXiiEMKNT  AND  COMMUNICATIONS 
OF  THK  SEdMENTAL  AND  iNTERSECtMENTAl.  ARTEHIES  AT  AN  EARLY 
StA(;E    ok    DEVKI.orMENT. 

(.',  (.'(ihmi  ;  D.Sp,  Dorsiil  .^phiiichnic  aiiastoinosih  ;  In,  Intestine  ;  I.V.  Intcr- 
mc'linte  vi<coi;il  artery  ;  L.B,  I^ateral  branch  of  the  ventral  division  of 
a  .somatic  .scjjinental  artery;  P.C,  Post-central  anjuitoiuosis  ;  F.D.  A, 
Primitive  dorsal  aorta  ;  I*o.(\  Post-castnl  anaHtomosis  ;  Po.N,  Post- 
iHMiral  ana.stomosis  ;  Po.T,  Post-tran.sverse  anastomosis :  Pr.C,  Pff- 
costal  anastomusi.s  ;  Pr. U  Prc-himinar  anastomosis  ;  I*r.N,  Pre-neural 
an:t>t«)mosis  ;  So.S.A,  S<»matic  segmental  artery  :  Sp.S.A,  Splanchnic 
sc^^Miieiital  artrry  ;  V.E.D,  Hraiich  to  a  ventral  enteric  diverticulum  ; 
V.So,  Vciitial  s(.niatic  anastomosi-*  :  V.Sp.  Veiitrjd  splanchnic  ana- 
.stomosis. 
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Ling  in  the  formation  of 

kl  and  lumbar  portions  of 

and   post-spinal  arteries 

n  the  cervical  region,  how- 
it    the    most    interesting 

3ccur.     The  first  six  pairs 

ic  segmental  arteries  lose 

inexions  with    the   dorsal 

le  aortic  arches,  *.«.,  in  other 

th  the  longitudinal  anasto- 

lannels  in  this  region.  The 

pair,  however,   persist  in 

irety ;  and  from  them  are 

n  the  right  side,  a  portion 

xjlavian  trunk,  and  on  the 

he  whole  of  the  subclavian 

a  its  commencement  up  to 

n  of  the  vertebral  artery. 

side  the  ventral  branch  of 

th  segmental  artery  forms 

ion  of  the  subclavian  artery 

8  between  the  origins  of  the 
and    internal   mammary 

md  also  the  trunk  of  the 

mammary  artery  as  far  as 

p  border  of  the  first  costal 
The  remainder  of  the  in- 

ammary  artery  represents  vm,  678. —Diagram  of   the   Seomental  and   Intersegmental 

kl  longitudinal  anastomoses  Arteries  at  a  later   Period  of   Development   than   in 

:he  ventral  branches  of  the  Fio.  677. 

jnd  the  following  somatic  q^  cculom  ;  D.A,  Dorsal  aorta  ;  D.Sp,  Dorsal  splauchuic  anastomosis ; 

1  arteries.     The  continua-  in,  intestine  ;  V.E.D,  Branch  to  ventral  enteric  diverticulum  ; 

e  subclavian  artery,  beyond  v.Sp,  Ventral  splanchnic  anastomosis. 

•  margin  of  the  first  rib,  is 

aent  and  enlarged  lateral  ofiset  of  the  ventral  branch  of  the  seventh  somatic  segmental 

liich  is  continual  outwards  into  the  upper  limb  behind,  or  postaxial  to  the  shoulder  girdle. 

oid  axis  and  the  superior  intercostal  artery,  both  branches  of  the  subclavian  artery,  ai-e 

persistent  pre-costal  anastomoses,  and 
Ppl  p,^  the  ascending  cervical  artery  belongs  to 

the  same  series  of  vessels.  The  verte- 
bral artery,  which  appears  as  a  branch 
of  the  subclavian  in  the  adult,  is  mor- 
phologically somewhat  complex.  The 
tirst  part  represents  the  dorsal  branch 
of  the  seven  til  somatic  segmental  artery ; 
the  second  part,  that  passing  through 
the  cervical  transverse  processes,  con- 
sists of  the  persistent  post-costal  an- 
astomoses Ixjtween  the  first  seven  seg- 
mental arteries;  a  third  part,  that 
lying  on  the  arch  of  the  atlas,  is  the 
spinal  branch  of  the  first  somatic  seg- 
mental artery  and  its  neural  continua- 
tion ;  whilst  finally  the  upper  part  of 
the  vertebral  artery,  that  in  the  cranial 
cavity,  appears  to  represent  a  prolonga- 
tion of  the  preneural  anastomoses, 
which  still  farther  upwards  are  prob- 
ably represented  by  tne  basilar  artery. 
As  already  stated,  the  poet-costal  an- 

-DiAGRAM  SHOWING  THE  Arranqkment  AND  CoM-  ««tomoses  bclow  the  seventh  segmental 

NATIONS    OF    THE    SEGMENTAL    ARTERIES    IN    THE  ^^tery  occasioually  pcrsist,  and  in  such 

>N  OF  THE  Cephalic  Aortic  Arches.  cases  the  vertebral  may  lose  its  con- 

^.        L     .     T  T  ,.   r         ,  ^        ,    nexion  with  the  subclavian,  and  spring 

l.halic  aortic  arch  ;  In   Intestine  ;  I.B,  lateral  branch  from  one  or  other  of  the  dorsal  branches 

somatic  segmenUl  artery  ;  L.E.D,  Branch  to  a  lateral     r  .,  intPrCostal  artpHpjL 

c  diverticulum  ;  P.C,  Post-central  anastomosis  ;  P.D.A,  ^^  ^^V  ^ipper  m^rCostai  artenes. 

tive  dorsal  aorta ;  Po.C,  Post-costal  anastomosis ;  Po.n)  ,      The  "profunda  cervicis  artenr  is  to 

leural  anastomosis  ;  Po.T,  Post-transverse  anastomosis ;  ^  regarded  as  a  remnant  of  the  post- 

Pre-cosUl  anastomosis ;  Pr.L,  Pre-laminar  anastomosis ;  transverse  longitudinal  anastomoses. 

Pre-neural  anastomosis;  P.  V.  A,  Primitive  ventral  aorta;         The  origin  of  the  seventh  somatic 

I,  Somatic  segmental  artery ;  V.E.D,  Branch  to  a  ventral  segmental  arterj  from  the  dorsal  longi- 

c  diverticiilam  ;  V.So,  Ventral  somatic  anastomosis.      tudinal  trunk  is  at  first  %dTXi<^  ^SsXikcw^^ 
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behind  the  fifth  aortic  arch,  l)iit,  simultaueously  with  the  elongation  of  the  neck  and  the  Klnc^ 
tion  of  the  heart  into  the  thoracic  region,  it  is  shifted  forward  until  it  is  opposite  the  dorsal 
end  of  the  fourtli  aortic  arch. 

Tin?  middle  sacral  artery  is  formed  by  the  fusion  of  two  vessels,  each  of  which  springs  from 
the  primitive  aorta  in  exactly  the  same  manner  as  a  somatic  segmental  artery  ;  it  may  thereft^iv 
Ix'  looke<l  upon  as  coiLsisting  of  fused  somatic  segmental  vessels  which  have  been*  prr»long*d 
backward  for  the  supjply  of  the  caudal  appendage.  It  is,  however,  commonly  regarded  as  iLe 
direct  continuation  ol  the  descending  aorta,  and  consequently  as  bein^  mainfy  intersegmeutaL 
Its  mcHle  of  origin  and  general  nature  do  not  lend  much  supi)ort  to  the  &tter  view. 

The  intermediate  visceral  arteries  supply  the  organs  derived  from  the  intermediate  cfU 
mass.  They  form  a  somewhat  irregular  series  of  vessels  in  the  adult,  but  presumably  in  iLr 
primitive  condition  there  was  a  jMiir  in  each  segment  of  the  Ixxiy ;  many  of  these  di<^]»iH-ar. 
nowevei',  (md  the  series  is  only  repri^ent<;d  in  the  adult  by  the  suprarenal,  the  renal,  hu(1  tiir 
spermatic  or  ovarian  arteries — possibly,  also,  by  some  of  the  branches  of  the  internal  iliac  arteri.:*. 

The  splanchnic  segmental  arteries  arise  in  the  embryo  from  the  ventral  asp<fctK  of  th* 
]>rimitive  doi-sal  aortje,  an<l  are  distributed  to  the  walls  of  the  alimentary  canaL  They  ana^tir 
ma^e  with  their  fellows  in  fixjut  and  behind  in  the  dorsal  wall  of  the  gut;  those  in  front  li 
I  lit*  umbilicus  als<j  eomniunityite  together  on  the  ventral  wall  of  the  gut,  w^hilst  those  Whind  ihr 
uml)ilicus  terminate  ventrally  in  the  jxwterior  sections  of  the  ventral  aorta*. 

After  the  fusion  of  the  dors<il  longitudiiuil  trunks  to  form  the  desc-ending  aorta,  the  origins  of 
the  splanchnic  arterieij  in  each  segment  fuse  into  aconmion  stem,  or  either  the  right  or  left  artery 
altogether  <lisappi;ars,  whilst  at  a  later  period  the  majority  of  the  splanchnic  seffmental  artrrirs 
h)se  their  direet  connexion  with  the  de,sc.ending  aorta ;  those  which  retain  their  (.x>nuexiun  arr 
the  left  bronrhiul  arteries^  the  ajsi»ph{ige^l  brancTies  of  the  aorta,  the  cHcliac  axis,  and  the  snjierior 
and  inferior  me,<enteric  arteries,  the  thi-ee  latter  vessels  greatly  inciv.asing  in  size. 

The  coronary  or  gjustric  branch  of  the  ccrlific  axis,  as  it  passes  fivm  its  origin  to  the  fiiuill 
<:urvature  of  the  stomach,  represents  a  right  splanchnic  arteiy ;  the  remainder  of  the  ooronarr 
artery  and  the  pyloric  l»ranch  of  the  hepatic  are  remnants  of  the  ventral  anastomoses  between  tliV 
s])lanchnic  arteries  in  front  of  the  umbilicus. 

The  sjdenic  artery  is  a  branch  given  oif  fwjm  a  splanchnic  artery  to  an  organ  developed  in  the 
giistric  mesentery,  and  the  hepatic  is  a  branch  from  the  ventral  splanchnic  anastomoses  to  iht 
hepatic  diverticulum  from  the  wall  of  the  duodenal  jwrtion  of  the  fore-gut 

The  superior  and  inferior  mesenteric  arteries  represent  at  their  origins  splanchnic  liniacht%. 
and  in  the  remainder  of  their  extent  the  dorsal  anastomoses  on  the  gut  walL 

Thk  Aorta,  Pulmonary  Artery,  and  other  Chief  Stem  Vessels. 

The  heart  and  the  majority  of  the  gre«it  arterial  trunks  of  the  body,  including  the  aorta,  lie 
innominate,  part  of  the  right  subclavian,  the  common,  ext<?nial,  and  greater  part-s  of  the  internal 
carotids,  the  common  and  internal  iliacs,  and  the  pulmonary  arteries,  are  all  modified  iwrtioit 
either  of  the  primitive  aortte  or  of  the  aortic  arches.  The  developmental  chanj^es,  whicn  itwilt 
in  the  formation  of  the  vessels  named,  are  described  in  the  prece<liiig  chapter,  ana  the  morphologr 
of  these  vessels  is  obviously  the  sjime  ha  that  of  the  trunks  fi-om  which  they  are  derived. 

It  will  l>e  sufficient,  thenjfont,  to  point  out  that  the  primitive  aortxe  are  to  be  regiidtd 
as  the  greatly  enlarged  pre-central  or  pre-vertebral  longitudinal  anastomoses  between  the 
successive  segmental  arteries  of  each  side;  obviously,  therefore,  each  primitive  aorta,  like 
the  rest  of  the  lc»ngitudinal  anastomoses,  consists  chiefly'  of  intersegmental  elements^  The  origim 
of  the  segmental  vessels  onlv  enter  into  its  formation  in  so  far  as  they  connect  the  inte^ 
Si!gmental  vK^**els  together,  and  so  complete  the  longitudinal  anastomoses. 

The  tiivt  cephalic  aortic  arches  and  the  primary  caudal  arches  are  simply  portions  of  xh 
rimitive  aortie.  The  other  aortic  arches  have  passibly  a  different  morphological  significance-, 
ut  their  exact  nature  is  not  detinitely  settled. 

The  second,  thii-d,  fourth,  and  tifth  cephalic  aortic  arches  of  each  side  are  develoi)ed  in  the  un- 
divided mesocU'i-m  of  the  heiul  region  behind  the  first  arch.  They  spring  from  the  anterior  part  of 
the  primitive  aortii  which,  after  tlie  head  fold  is  fornuid,  lies  on  the  ventral  aspect  of  the  fore-gnt, 
and  they  extend  at  the  side  of  the  pharyngeal  part  of  the  fore-gut  to  the  dorsal  aorta.  Tlius  in 
some  resiK*cls  they  re^ndile  si^gmental  vessels.  Behind  the  umbilicus  some  of  the  segmental 
splanchnic  arteries  pass  from  the  dorsal  to  the  ventral  aorta  in  the  splanclinic  mesoderm  on  the 
wall  of  the  alimentary  canal.  In  addition  to  the  vessels  already  mentioiie<l,  there  are  given  off 
from  the  ventral  aortie  and  the  aortic  ai-ches  a  series  of  branches  which  supply  ventral  and  lateral 
divi^ticula  from  the  alimentary  canal;  these  are  repi-esented  in  the  adult  by  the  supi'riu: 
thyroid,  the  thyixjidea  ima,  and  the  terminal  branches  of  the  hypogastric  arteries." 

Iliac  Arteries  and  their  Branches.  —The  common  iliac  arteries  are  undoubtedly  fonnt^i 
from  the  i)riniitive  aortic  longitudinal  vessels;  they  are  simply  those  portions  of  the  rigai 
and  left  primitive  aortie  resi>ectively  which  lie  immediately  beyond  or  caudal  to  the  f^r- 
manent  aesceiiding  aorta.  The  direct  continuation  of  each  is  the  primary  caudal  artb, 
which  forms  the  origin  of  the  superior  vesical  artery,  and  is  prolonged  as  the  hypogastric 
artery;  these  continuous  channels  are  for  the  most  part  made  up  of  intersegmental  %'eiseU 
So  also  ai-e  the  iK-mianent  vessels  into  which  they  are  tmnsformed.  Reference  has  already  l«u 
made  to  the  fact  that  the  primary  caudal  arch  almost  entirely  disappeai-s,  and  that  a  eeconduy 
caudal  arch  is  developed  in  lieu  of  it  (j).  928). 

The  internal  iliac  artenes  are  almost  entirely  foiiued  from  the  secondary  caudal  archea   Tk 
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ary  caudal  arch,  beyond  doubt,  is  not  a  segmental  vessel ;  the  secondary  arch  may  be,  but 
is  still  unproved.  The  branches  of  the  internal  iliac  artery  which  represent  offsets  of  the 
dal  arch  portion  of  the  primitive  aorta3  are  arranged  in  two  groups— {1)  a  visceral  set 
h  supplies  the  waUs  of  the  hind-gut  and  the  genital  organs,  and  (2)  a  parietal  set  which  is 
ibuted  to  the  body  wall  and  to  the  hind -limbs.  The  branches  distributed  to  the  gut  prob- 
represent  the  segmental  splanchnic  vessels  given  off  from  the  dorsal  longitudinal  vessels ; 
i  to  the  genital  organs  appear  to  correspond  with  the  intermediate  visceral  branches,  for  they 
iistributed  to  organs  derived  from  the  intermediate  cell  mass. 

'he  parietal  set  are  to  be  regarded  as  modified  somatic  segmental  branches  of  the  dorsal 
itudinal  trunks.  The  lateral  sacral  arteries  which  belong  to  this  group  represent,  in  the 
Cer  parts  of  their  extent  at  least,  the  pre-costal  anastomoses. 

The  Limb  Arteries. 

n  all  probability  the  vessels  of  both  the  anterior  and  the  posterior  extremities  are  derived 
I  several  somatic  segmental  arteries,  the  majority  of  which,  nowever,  in  the  course  of  phylo- 
tic  development,  have  atrophied.  The  upper  limb  is  supplied  in  man  by  the  lateral  offset 
I  the  ventral  branch  of  tne  seventh  somatic  sqjmental  artery.  It  passes  out  into  the 
amity  behind  the  shoulder  giidle,  courses  through  the  upper  arm,  enters  the  antecubital 
k,  ana  is  continued  through  the  forearm,  in  the  early  stages,  as  the  anterior  interosseous 
ry,  to  the  deep  part  of  the  palm,  where  it  terminates  in  the  deep  palmar  arch.  At  a  later 
M  a  median  artery  is  given  off  from  the  parent  stem,  and  it  terminates  in  a  superficial 
lar  arch ;  still  later  tne  radial  and  ulnar  branches  are  given  off.  The  latter  grow 
ily,  soon  exceeding  in  size  the  parent  stem,  and  they  terminate  in  the  superficial  and 
►  palmar  arches.  The  interosseous  and  median  arteries  decrease,  and  generally  lose  their 
3t  connexions  with  the  palmar  arclies.  The  posterior  interosseous  artery  is  also  a 
idary  branch  from  the  parent  stem,  and  the  digital  arteries  are  offsets  from  the  palmar 
rial  arches. 

The  chief  arteries  of  the  lower  extremities  spring  directly  from  the  caudal  arches,  and  may  be 
ed  upon  as  being  essentially  segmental ;  whether  they  represent  the  whole  or  only  parts  of 
cal  somatic  segmental  arteries,  however,  is  not  clear. 

The  arteries  of  the  hind-limbs  certainly  show  no  very  obvious  indications  of  division  into 
al  and  ventral  branches,  though  such  indications  are  not  entirely  wanting.  In  their  com- 
tive  absence  it  is  supposed  that  the  dorsal  branches  have  been  either  suppressed  or  incor- 
,ted  with  the  common  stems ;  that  similarly  the  ventral  branches  and  their  lateral  offsets 
.ndistin^ishably  fused,  and  that  probably  both  are  represented  in  a  limb  artery. 
The  original  stem  vessel  of  the  lower  limb  is  the  sciatic  artery,  which  is  continued  down- 
Is  behind  the  pelvic  girdle  into  the  popliteal  and  peroneal  arteries,  and  so  to  tlie  plantar 
.  Subsequently  the  external  iliac  artery  is  given  off  from  the  caudal  arch  above  the  origin 
\ie  sciatic,  and,  passing  into  the  limb  in  front  of  the  pelvic  girdle,  it  becomes  the  femoral 
ry.  This  vessel  ultimately  unites  with  the  upper  part  of  the  popliteal  artery,  and  after  this 
munication  is  established  the  lower  part  of  the  sciatic  atrophies  and  loses  its  connexion 
I  the  popliteal,  which  henceforth  appears  to  be  the  direct  continuation  of  the  femoral  trunk  ; 
efore,  wnilst  the  main  artery  of  the  upper  limb  is  formed  by  the  prolongation  of  the  lateral 
ich  of  one  segmental  artery,  the  corresponding  vessel  of  the  lower  extremity  is  developed 
I  representatives  of  two  somatic  segmental  arteries,  the  external  iliac  and  femoral  trunks 
g  the  representatives  of  one,  whilst  the  popliteal  and  its  continuation,  the  peroneal,  are 
8  of  another. 

The  first  main  artery  of  tlie  leg  is  the  peroneal,  which  is  continued  into  the  plantar  arch  ; 
:  a  time,  however,  the  posterior  and  anterior  tibial  branches  are  given  off  from  the  stem, 

which,  as  a  rule,  they  soon  preponderate  in  size,  and  they  terminate  in  the  plantar  arch, 
Lst  the  parent  trunk  diminishes  and  loses  its  direct  connexion  with  the  arch. 
The  peroneal  aitery  corresponds  in  position  and  development  with  the  interosseous  trunk 

the  anterior  interosseous  artery  in  the  forearm.  The  posterior  tibial  apparently  corre- 
ids  with  the  median  artery ;  it  develops  in  a  similar  way,  and  has  similar  relations  to 
olc^us  nerves,  the  posterior  tibial  nerve  representing  the  combined  median  and  ulnar 
'es  of  the  upper  extremity. 

The  anterior  tibial  artery  represents  the  posterior  interosseous,  whilst  the  radial  and  ulnar 
ries  of  the  upper  extremity  are  not  represented  in  the  lower  limb. 

MORPHOLOGY   OF  THE   VEINS. 

Two  dorsal  longitudinal  vessels,  one  on  each  side,  connect  the  successive  segmental  veins 
ther.  They  do  not,  however,  in  any  part  of  their  course,  fuse  together  to  form  a  single 
el  comparaole  to  the  descending  aorta. 

)f  these  dorsal  longitudinal  vessels,  that  on  the  right  side  greatly  enlarges,  and  from  it  the 
a  stem  vessels  which  return  blood  from  the  body  walls,  the  head  and  neck,  and  the  limbs,  are 
wt  entirely  formed.  The  left  dorsal  longitudinal  vessel  remains  relatively  small — in  parts, 
ed,  it  altogether  disappears — and  the  blocxl  conveyed  to  it  by  the  corresponding  segmental 
8  is  transmitted  across  the  middle  line  to  the  chief  functional  stem  by  later  developed  and 
tradded  transverse  communicating  channels,  which  are  formed  between  the  more  primitive 
itudinal  anastomoses. 
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TJui  i)riniitivf  doi-sal  loiigitudinal  aiici.stom<wiiig  i:lianm;lr*  include  on  each  side  (1)  thr  jiriini- 
live  ju<,Milar  vein,  (2)  tlir  ])riniilivi;  caixliiial  vein,  and  (3;  the  duct  of  Cuvier ;  the  last-namci 
vi*>.<e1,  liuwevei",  is  n«)t  su  nnuh  a  lun<,ntudinal  anastoiiiosis  as  a  cum niunicii ting  channel  iMrlwirrL 
tlie  loiigiUiilinal  anastomoses  and  the  lieart,  lor  it  is  formed  by  the  junclioii  of  the  primiiiv..- 
jii«,'nlai'  and  eai-flinal  veins,  and  opens  into  llie  sinus  venosus  of  t lie.  primitive  heart. 

From  tlnse  vessj-ls,  and  fi-om  the  transversii  communicatioiLs  which  are  established  beiw.vn 
the  }»riiii it iv»' Jugular  and  eanlinal  veins  of  opposite,  sides,  the  chief  veins  of  the  liead  and  lu-.k 
and  lh«'  IhxIv  ai'c  formed  ;  thtM-e  are  in  addition,  liowev»*r,  tliree  later- funue«.l  vesstds  from  wliii. 
some,  or  i»orlions  uf  some,  of  the  main  stem  vessels  of  the  Ujdy  are  evolveil.  Thej*e  later-f  iHumI 
Vi-.-^^cls  are  the  two  internal  ju^'ular  veins,'  and  the  upper  i)art  of  the  inferior  vena  civa,  wink 
from  tlie  lattt'r  of  tlie^-  pt^rtiniis  of  the  renal  veins,  the  suprarenal  veins  and  the  «i»:rii:,iii^ 
(•rnvarim  veins  are  pos>i)»Iy  developed  as  offsets;  moivover,  it  must  not  be  f«»r^'Otten  that  lb- 
vein^  of  the  extremities  are,  like  the  extremities  lhems*'lves,  secondary  structiii-es,  and  that  tl;»rY 
are  (h'Velnpc-d  at  a  later  j)eri<j<l  than  the  veins  of  the  trunk,  with  whicli,  however,  they  ultiiiut^-ly 
lommunicale. 

In  the  light  of  these  facts  the  morphol(>gy  of  the  chief  veins  of  the  trunk  .md  liml*:;  luiv 
now  he  considered. 

The  external  jugular  vi»in  is  oliviously  a  portion  of  an  intersegmental  anastomosis,  for  it  i>iian 


of  the  i)rimitive  jugular  vein,  which  originally  extended  from  the  internal  oiroipital  pn^tuiit-niiiiv 
\vloid  forameli,  and  thence  to  the  duct  of  Cuvier.     During  the  coui-se  of  dev»rl  .ji- 
li  pri 
portion  of  tlu*  lateral  sinus  and  the  occasionally  persistent  sipia  mo-pet  i-o-^Jil  .sinus;  outside  tbr 


to  the  post-condyloid  forameli,  and  thence  to  the  duct  of  Cuvier.     During  the  coui-se  of  dev»rl  .ji- 
meiit  the  intracranial  ])art  of  the  primitive  jugular,  on  each  side,  is  eonverttr<l  into  the  horizoniil 


eranium  tin- trunk  of  the  temj»or«>-maxillary  vein,  the  whole  of  the  external  jugular  vein,  iL'i 
that  jKirtion  of  the  subclavian  vein  which  intervenes  between  the  external  and  internal  jugular 
vein>,  are  i«.»rmed  from  tlie  primitive  jugular.  On  tlie  right  side  the  rijjht  innominate  vnn 
and  the  upp»*r  part  of  the  superior  vena  cava  are  also  forme^l  from  the  priuiitivo  jugular  v^riii. 
whil>t  on  the  left  side  the.  lower  j>ortion  of  the  vessel  becomes  the  U]ii>er  part  of  the  left  ?-ujter:'.T 
inU'rcostal  vein.- 

After  the  formation  of  tlu;  limbs  the  primitive  jugular  i-eceives  the  pre-axial  and  jMRrt-oiul 
vj'ins  of  the  fore-limb  of  the  s<ime  side,  which  j)as3  respectively  along  the  radial  and  ulnir 
b<ndei>>  of  the  lind);  both  join  the  primitive  jugular  vein,  the  former  aUjve  ami  the  latl«r 
below  the  clavicle.^  Subsequently,  however,  the  pre-axial  vein  of  the  fore-limb  Io-m.-^  its  otmiiexi'tii 
with  the  i)rimitive  jugular  vein,  and  opens  Ixdow  the  clavicle  into  the  iK>st-axiiil  vein,  and  ih- 
u[)i)er  part  of  that  vessel  becomes  the  outer  part  of  the  subi'lavian  vein,i.f;.  that  i)ortioii  of  the  aiil- 
clavian  vein  which  extends  from  the  outer  boixler  of  the  first  rib  to  the  entniuce  of  the  exteni.il 
Jugular  vein,  the  remainder  of  the  subclavian  being  formed  by  tlie  j)Oi*tiou  of  the  ]»riiuitivr 
Jugular  vein  which  intervenes  between  the  entrance  of  the  pre-axial  vein  and  the  junction  wi*!i 
the  internal  jugular  vein. 

The  internal  jugular  vein  is  a  newly  formed  anastomosing  vessel  which  eomiuence.s  from  llie 
primitive  jugular  vein  at  the  root  of  the  neck  and  grows  upwards  to  the  Ixise  of  the  skull, 
where  it  i)assi*s  through  the  jugular  foramen,  and  ascends  along  the  inner  surface  of  the  mast'd 
portion  of  the  temporal  In^ne  to  join  the  lateral  sinus,  of  which  it  becomes  the  sigmoid  portion. 
It  i)rob.ibly  represent,s  a  dorsal  splanchnic  intei-si'gmental  venoiw  anastomosis.^ 

The  innominate  vein  of  the  left  side  is  an  enlargtKl  transverse  anastomasis  l»etween  the  tw^i 
primitive  jugular  veins,  and  the  correj5i>onding  vesstd  on  the  right  side  is  the  jiortion  of  iht 
right  primitive  juguhir  vein  which  lies  between  the  origin  of  the  right  internal  jugular  vein  au^i 
the  transverse  anastomosis  between  the  two  primitive  jugular  veins. 

The  suptTior  vena  cava  is  also  fornuKi  fi-om  the  primitive  longitudinal  anastumobL^  on  llir 
right  side  ;  the  upper  portion,  which  lies  above  the  entrance  of  the  azygos  vein,  being  the  luvrt-r 
jiart  of  the  right  primitive  jugular  vein,  and  the  lower  jxjrtion,  which  fs  enclosed  within  the  peri- 
cardium, is  the  persistent  right  duct  of  Cuvier. 

The  only  other  vein  formed  fi-om  the  jugular  portion  of  the  doi-sal  longitudinal  auiistomosi? 
is  the  upi>er  part  of  the  left  superior  intercostal  vein,  which  I'epresents  the  i»ai-t  of  the  left 
primitive  jugular  vein  lying  beh)w  the  tninsvers«»  anastomosis  which  becomes  the  left,  imioiui- 
nate.  vein  ;  occasionally  this  i)art  of  the  left  primitive  jugular  vein  becomes  enlarged,  and  form* 
a  verticiil  left  innominate  v«-in  which  terminates  in  a  left  superior  vena  cava,  the  latter  being 
formed  from  the  left  duct  of  Cuvier.  This  arrangement  is  the  n^gular  and  normal  coudition  in 
many  mammals. 

Ihe  internal  iliac  vein.s,  the  right  common  iliac  vein,  the  lower  part  of  the  iuferior  vcua 
cava,  the  vena  a/.ygos  major,  and  the  vertical  portions  of  the  up])er  and  lower  left  azvgos  vtins, 
and  part  of  the  left  superior  intercostal  vein,  are  all  parts  of  the  primitive  caitlinal  veiUisL  They 
represent,  therefore,  portions  of  the  doi-sal  longitudinal  intei'Si'gmental  anastomoses. 

The  internal  iliac  veins  are  the  persistent  lower  sections  of  the  cardinal  veiit-*,  and  their 
\-isceral  and  parietal  tributaries  ju-oljably  rej^resent  moiv  or  less  modified  splanchnic  and  souiatit 
segmental  veins. 

The  left  common  iliac  vein  may,  in  the  lower  part  of  its  extent,  represent  the  jjart  of  the  left 
cai-dinal  vein  immediately  alnjvt^  the  junction  of  the  pre-axial  hind^limb  vein  with  the  latter 
vessel,  but  the  gi-eater  ])aTt  of  it  is  an  enlarged  transvei-sc  anastomosis  between  the  canlinal  vein? 
at  the  level  of  the  pelvic  brim.     The  right  common  iliac  vein,  on  the  other  hand,  is  the  portion 

'  See  note  on  p.  937.  -  Ibid. 

^  If  the  observiitiouH  i-econlcd  on  ]).  937  are  correct,  tlicii  the  cxteniul  jugular  vein  is  uot  the  ]ffinjjbve 
jugular  vein  hiit  :i  newly-foniKMl  vessfvl  into  which  the  pre-axiul  vein  opcus. 
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of  the  right  cardinal  vein  which  lies  between  the  entrance  of  the  limb  vein  and  the  transverse 
anastomosis  which  becomes  the  left  common  iliac  vein.  The  inferior  vena  cava,  from  its  com- 
mencement to  the  entrance  of  the  renal  veins,  is  a  portion  of  the  right  cardinal  vein,  and  the 
right  lumbar  veins  which  terminate  in  it  are  the  somatic  segmental  veins  of  the  right  side  of  the 
lumbar  region  ;  whilst  the  left  lumbar  tributaries  are  the  left  lumbar  segmental  veins,  which  have 
been  transmitted  across  the  middle  line  by  transverse  anastomosing  channels  which  connected 
the  lumbar  sections  of  the  cardinal  veins  together. 

The  upper  part  of  the  inferior  vena  cava  is  a  new  anastomosing  channel  formed  between  the 
upper  end  of  tne  right  hepatic  vein  and  the  right  cardinal  vein.  This  section  of  the  inferior 
vena  cava  grows  downwards  from  the  right  hepatic  vein. 

The  right  and  left  renal  veins  originally  terminated  in  the  corresponding  cardinal  veins, 
and  are  therefore  probably  intermediate  visceral  segmental  veins,  but  that  part  of  the  left  renal 
vein  which  crosses  the  middle  line  is  either  an  enlarged  transverse  anastomosis  between  the 
cardinal  veins,  or  an  outgrowth  from  the  lower  end  of  the  upper  part  of  the  inferior  vena  cava  ; 
apparently  the  latter,  for  as  the  upper  section  of  the  inferior  vena  cava  grows  downwards  from 
the  right  hepatic  vein  it  divides  into  two  branches,  right  and  left,  each  of  which  joins  the 
corresponding  cardinal  vein  close  to  the  termination  of  the  renal  vein.  Before  it  fuses  with  the 
cardinal  vein  of  its  own  side,  each  of  the  terminal  branches  of  the  upper  section  of  the  inferior 
vena  cava  cives  off  branches  which  ultimately  become  the  suprarenal  and  spermatic  veins  ;  there 
can  be  no  doubt,  however,  that  both  the  suprarenal  and  spermatic  veins  are  intermediate  visceral 
segmental  veins,  and  in  all  probability  they  originally  terminated  in  the  corresponding  cardinal 
veins,  their  development  from  the  upper  section  of  the  inferior  vena  cava  being  due  to  the 

Sroduction  in  the  embryo  of  a  condition  which  has  been  secondarily  acquired  during  the 
evelopment  of  the  species.  If  this  is  the  case,  it  is  extremely  probable  that  the  left  spermatic 
vein  represents  not  only  an  elongated  intermediate  visceral  segmental  vein,  but  also  a  portion  of 
the  left  cardinal  into  which  it  opened. 

The  vena  azygos  major  is  the  persistent  upper  portion  of  the  left  cardinal  vein,  a  fact 
which  is  emphasised  by  its  frequent  connexion  with  the  inferior  vena  cava  at  the  level  of  the 
right  renal  vein.  The  right  intercostal  veins  which  open  into  the  vena  azygos  major  are  somatic 
segmental  veins,  the  upper  three  or  four  of  which  have  united  together  by  pre-costal  anastomoses 
to  form  a  right  superior  intercostal  vein. 

The  vertical  portions  of  the  left  azygos  veins  are  remnants  of  the  left  primitive  cardinal 
vein,  and  their  transverse  i>ortions  are  enlarged  transverse  anastomoses  comparable  to  the  left 
innominate  and  left  common  iliac  veins.  The  left,  like  the  right  intercostal  veins,  are  segmental 
somatic  veins ;  but  whilst  the  right  superior  intercostal  vein  is  formed  by  pre-costal  anastomoses 
between  the  upper  three  or  four  dorsal  somatic  segmental  veins,  the  left  superior  intercostal  vein 
(Fig.  674)  represents  the  upper  part  of  the  left  cardinal  vein  and  the  part  of  the  left  primitive 
jugular  vein  below  the  transverse  anastomosis,  which  becomes  the  left  innominate  vein ; 
moreover,  the  left  superior  intercostal  vein  freqiiently  retains  in  the  adult  a  connexion  with  the 
oblique  vein  of  Marsnall,  which  represents  the  left  duct  of  Cuvier,  by  means  of  which  both  the 
left  primitive  jugular  and  the  left  cardinal  veins  ori^nally  communicated  with  the  heart. 

ViBceral  Veins. — The  i>ortal  vein  represents  portions  of  the  ventral  longitudinal  anastomosing 
vessels,  being  derived  from  the  vitelline  veins. 

The  pyloric  vein  is  a  splanchnic  intersegmental  ventral  longitudinal  anastomosing  vein.  The 
coronary'  vein  is  partly  a  ventral  and  partly  a  dorsal  splanchnic  intersegmental  longitudinal 
anastomosis,  and  tlie  superior  and  inferior  mesenteric  veins  are  dorsal  splanchnic  longitudinal 
intersegmental  venous  anastomoses,  the  splenic  vein  being  merely  a  tributary  from  a  lymphoid 
organ  developed  in  the  dorsal  mesentery. 

The  facial  vein  is  a  combination  of  somatic  and  splanchnic  veins  of  several  segments,  and  the 
internal  maxillary  vein  is  probably  of  similar  natui-e.  The  thyroid  and  bronchial  veins  return 
blood  from  organs  developed  from  diverticula  from  the  walls  of  the  alimentary'  canal ;  they  are, 
therefore,  more  or  less  modified  segmental  splanchnic  veins  ;  so  also  apparently  are  the  vesical  and 
the  middle  and  inferior  haemorrhoidal  veins. 

The  cardiac  veins  are  simply  "  vasa  vasorum,"  and  they  belong  therefore  to  the  splanchnic; 
group  of  vessels,  but  it  is  impossible  to  say  whether  they  are  segmental  or  intersegmental.  The 
coronary  sinus  into  which  they  open  is  a  jwrtion  of  the  sinus  venosus  of  the  heart,  and  therefore 
of  an  originally  intersegmental  vessel. 

The  hepatic  and  piilmonary  veins  are  new  vessels  which  return  blood  to  the  heart  after  the 
liver  and  lungs  have  been  interposed  in  the  vascular  system. 

It  is  noteworthy  that  some  imrts  of  the  splanchnic  venous  system,  i.e.  the  ix)ital  vein  and  the 
coronar}'  sinus,  are  portions  ot  the  most  primitive  vascular  system,  and  that  others,  i.e.  the 
thyroid,  l»ronchial,  mesenteric,  vesiwil,  and  lia»morrhoidal  veins,  appear  to  belong  to  a  somewhat 
secondary  group  of  splanchnic  veins  of  combined  segmental  and  intersegmental  (-haracter  ;  more- 
over, some  of  the  secondary  group  of  veins  open  into  the  ]>rimary  splanchnic  veins,  e.tj.  the 
superior  and  inferior  mesenteric  into  the  i)ortal  vein  ;  some  open  into  the  dorsal  longitudinal 
anastomosing  veins,  e.g.  the  vesical  and  hemorrhoidal  veins  open  into  the  cardinal  veins,  which 
are  intersegmental  anastomoses ;  others  again  oj>en  into  an  entirely  new  vein,  viz.  the  internal 
jugular,*  wliich  is  developed  along  the  dorso-lateral  border  of  the  fore-^t,  and  which  is  therefore 
comparable  to  the  dorsal  venous  splanchnic  intt*rsegmental  an*istomosis,  which  in  the  abdominal 
region  l)ecome8  converted,  aft*a  fusion  of  the  vt^els  of  oi)p08ite  sides,  into  the  gn^ator  parts  of  the 
superior  and  inferior  mesenteric  v<*ins  ;  the  latter,  however,  open  into  a  ventral  longitudinal 

*  See  note  on  p.  937. 
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auastoniosiug  vesBel,  the  ])ortal  vein,  whilst  the  former  joinfi  a  dorsal  longitudinal  anastomosing 
trunk. 

Veins  of  the  Limbs. — The  veins  of  tlie  limbs,  like  the  arteries,  were  probably  at  «ie  lime 
segmental  in  (rharaeter,  );ut  we  have  no  absolute  proof  that  this  was  the  case.  Looked  at  ban 
an  embryological  stnn(lix)int,  tlie  most  primitive  limb  veins  are  a  superficial  distal  arch  and 
a  post-axial  trunk  vein  m  each  extremity  ;  at  a  later  period  digital  veins  are  connected  ^ith  ih-: 
distal  airh,  and  a  ])re-axial  trunk  is  formed.  In  the  upper  extremity  the  distal  arch  and  itt 
tributarit*y  remain  a:^  the  dorsal  venous  arch  and  the  digital  veins,  and  the  post-axial  vein  btraim-^ 
the  i)asterior  ulnar,  the  bai*ali(:  and  axillary  veins,  and  also  that  i)art  of  the  subclavian  vein  which 
lies  external  to  the  termination  of  the  external  jugular  vein,  the  remainder  of  the  subilaviAn 
vein  being  funned  fi-om  the  primitive  iugular  vein  itself.  The  pre-axial  vein  of  ihe  uprtr 
extremity  is  represented  in  the  adult  by  tne-  rtuiial  and  cephalic  veins  ;  the  latter  vessel  originally 
terminated  in  the  external  jugular  vein  above  the  clavicle,  the  union  with  the  axillary  porticoi  M 
the  jxwt-axial  vessel  being  a  secondary  condition  ;  the  primary  condition  is,  however,  irequeiillr 
retained  in  man,  and  is  constant  in  many  monkeys.  The  anastomosis  between  the  pre-aiial 
and  ]H)st-axial  veins  in  the  region  of  the  elbow,  and  the  connexion  of  the  anastomobing 
channels,  is  l»rou^ht  about  by  newly-formed  vessels  of  secondar}'  character. 

The  distal  arch  in  the  lower  exti-emity  and  the  tributaries  connected  with  it  remain  in  ibt 
adult  as  the  doi-sal  venous  arch  of  the  foot  and  the  digital  veins.  The  i)08t-axial  vein  become;! 
the  external  saphenous  vein,  which  was  originally  continued  upwards  as  the  sciatic  vein  to  the 
internal  iliac  portion  of  the  cardinal  vein  ;  its  connexion  with  the  |)opliteal  vein,  and  its  luon* 
occasional  connexion  with  the  internal  saphenous  vein,  being  brought  a1x>ut  by  the  fonuatitin  ot 
secondary  anastonios<.'S. 

The  i>re-axial  vein  of  the  lower  limb  becomes  the  long  saphenous  vein,  which  is  continnei 
upwards  to  the  caixlinal  portion  of  the  left  common  iliac  vein  as  the  upper  part  of  the  feiuoni 
and  the  external  iliac  veins. 

The  veuje  comites  of  the  arteries  in  Ijoth  the  upper  and  lower  extremities  are  secoudarily 
develoj)ed  vessels  which  l^ecome  connected  with  the  upper  iwrtions  of  the  pre-axial  venoib 
trunka 


ABNORMALITIES  OR  VARIATIONS  OF  THE  VASCULAR 

SYSTEM. 

Abnormalities  are  of  special  interest  to  the  anatomist  because  ol  their  morphological  eignifi- 
cance,  and  the  vascular  system  is,  perhaps  more  than  any  other,  rich  in  such  abnormalities,  m&nT 
of  which  are  of  great  practical  importance. 

With  the  exception  of  those  irregularities  which  are  directly  due  to  the  effect  of  uiorl+i 
conditions  and  external  influences,  all  abnormalities  are  the  ivsult  of  modihcations  of  normal 
devtilo})incntal  ])r<x'esses.  The  exceptions  referred  to  are,  however,  very  numerous  ;  thus  dieean: 
and  external  inlhu-nces  may  lead  to  the  oblitemtion  of  vessels,  a  condition  which  is  invariablT 
associated  with  the  t^nlai-geinent  of  collateral  vessels,  and  it  will  l)e  obvious  that  almormalitin 
so  produced  may  occur  in  almost  any  situation. 

Abnormalities  which  art*  determined  bj',  or  are  dei>endeiit  upon,  modifications  of  tht*  iisJial 
developmental  prtR'-esses  are  of  greater  interest  In  the  human  subject  they  are  generallv 
due  either  to  the  retention  of  conililions  which  normally  are  only  transitory,  or  to  the  acauiiv- 
nient  of  c4)nditions  which,  thi>ugh  not  as  a  rule  i>resent  at  any  time  in  man,  occur  normally  in 
other  animals. 

There  arc  in  addition  other  variations  from  the  normal,  such  as  the  division  of  the  aiilLir^ 
artery  into  radial  and  ulnar  branches;  the  higher  or  lower  division  of  the  brachial  arterv;  the 
formation  «»f  "  vasi  aberrantia,*'  e.g.  of  long  slender  vei^sels  connecting  the  axillary  or  brac&ial  to 
the  radial,  ulnar,  or  inteross*^ous  arteries ;  the  altered  position  of  certain  vessels,  as  e.g,  the  traiu?- 
ference  of  the  subclavian  artery  to  the  front  of  the  scalenus  anticus,  or  of  the  ulimr  artery  to  ihf 
front  of  the  sui)erficial  llexor  muscles ;  all  of  which,  though  undoubtedly  due  to  alterations  of 
oixlinary  developmental  processes,  still  do  not  rei)i-esent  conditions  met  with,  either  temporarik 
or  ]>ermanently,  in  man  or  in  other  animals.  Thttir  occurrence  cannot  at  present  be  adequately 
exi)lained,  and  their  retention  is  entirely  dependent  uj)on  their  utility. 

To  the  tii-st  and  last  of  these  di  He  rent  gi'oups  of  abnormalities  it  is  not  necessary  to  rvfer 
further,  whilst  with  reganl  to  the  rest  it  will  be  sufficient  to  indicate  those  of  greatel 
iinjiortance.  They  can  only,  however,  l>e  fully  undei-stood  and  exidained  on  the  basis  of  a 
coni])reliensivc  knowledge  of  the  development  and  morpholog}*  of  the  vascular  system,  to  th« 
cliai)tei-s  (in  vvliich  the  reader  is  referred. 

ABNORMALITIES  OF  THE  HEAKT. 

The  heart  may  l.>e  trans]x>se<l  fi-om  the  left  to  the  right  side  of  the  body,  a  condition  which 
is  usually  associated  with  general  transi)osition  of  the  viscera,  and  with  the  presence  of  a  right 
instead  of  a  left  aortic  arch. 

The  external  form  of  the  heart  does  not  as  a  rule  vary  much,  but  occaflionally  the  apex  i* 
f^liirhtly  bifid,  a  character  it  normally  passesses  at  an  early  stage  of  its  de velopmcnt^  and  which  i* 
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retained  in  the  adult  in  many  cetaceans  and  sireniana.  The  internal  conformation  of  the  heart 
deviates  from  the  normal  much  more  frequently ;  more  particularly  is  this  the.  case  with  regard 
to  the  septa  which  separate  the  right  from  the  left  chamljers.  The  interauricular  septum  may 
be  entirely  absent,  as  in  fishes ;  it  may  Ihj  fenestrated  and  incomplete,  as  in  wjuie  amphil)ians ;  or 
the  foramen  ovale  may  remain  patent,  as  in  amphibians  and  reptiles. 

The  interventricular  septum  may  l)e  al)sent,  as  in  fishes  and  amphibians,  or  incomj^lote,  as  in 
reptiles ;  when  incomplete,  it  is  iwually  the  "  pars  membranacea  scpti "  which  is  deficient. 

ABNORMALITIES  OF  ARTERIES. 

The  pulmonary  artery  and  the  aorta  may  arise  by  a  common  stem,  as  in  fishes  and  some 
amphibians,  and  the  common  stem  mav  spring  either  from  the  right  or  the  left  ventricle,  or  from 
botti.  In  these  cases  the  aortic  bulb  lias  remained  undivided,  and  the  normal  position  of  the 
interventricular  septum  in  relation  to  the  lower  orifice  of  the  aortic  bulb  has  In^en  altered. 

Again,  owing  to  malposition  of  the  aortic  septum,  the  pulmonary  artery  may  si)ring  from  the 
left  ventricle  and  the  aorta  from  the  right  ventricle^  In  some  case^  the  rw>t  of  the  pulmonary 
artery  is  obliterated,  and  the  blocnl  passes  to  the  lungs  along  the  pat4.»nt  ductus  arteriosus. 

Occasionally  the  arch  of  the  aorta  is  on  the  right  side  instead  of  the  left,  a  condition  which  is 
normal  in  birds.  More  rarely  there  are  two  permanent  aortic  arches,  right  and  left^  as  in  reptiles ; 
the  Gcsophagus  and  trachea  in  these  cases  are  enclosed  in  a  vascular  cx)llar,  the  twf)  arches  unite 
dornally,  and  the  beginning  of  the  descending  aorta  is  double.  Quite  independent  of  this  condi- 
tion, however,  the  two  primitive  dorsal  aortae  sometimt^  fail,  either  altogether  or  partially,  to 
unite  together,  and  the  descending  aorta  is  acconlingly  repre.sent<*d,  to  a  corresj)onding  <*xtent,  by 
two  tul)e8.  A  more  common,  though  still  rare,  form  of  double  aorta  is  that  due  to  the  persistenee, 
in  whole  or  in  part,  of  the  septum  formed  by  the  fuswl  walls  of  the  primitive  dorsal  aortae 
from  which  the  descending  aorta  is  developed. 

Tlie  length  of  the  deswaiding  aorta  is  fietermined  largely  by  the  extent  to  whi«'h  fusion  of  the 
two  primitive  aortse  takes  place.  Accordingly,  when  this  deviates  from  tin*  nf»rmal,  the  termi- 
nation of  the  descending  aorta  is  at  a  corrt«pondingly  higher  or  lower  level  than  usual,  and 
retfultiuff  from  this  the  lengths  of  the  common  iliac  arteries  are  almost  invarialdy  pn)ix>rtionately 
modified.  The  bifurcation*  of  the  aorta  may  be  as  low  as  the  fifth  lum})ar  vert4'bra,  less 
frequently  it  is  higher  than  usual ;  it  is  rare,  however,  to  find  it  Iiigher  than  the  thini  or  second 
lumbar  vertebra. 

The  aorta,  instead  of  bifurcating  into  two  common  ilijic  arteries  may  terminate  in  a  common 
iliac  artery  on  one  side  and  an  internal  iliac  artery  on  the  opix)8ite  side,  the  external  iliac  artery 
on  the  irregular  side  arising,  at  a  higher  level,  as  a  branch  of  the  aortic  stem.  This  arrangement 
approaches  the  condition  met  with  in  carnivores  and  many  other  mammals,  in  whir.h  the  aorta 
bifurcates  into  two  internal  iliac  arterii^s,  the  external  iliacs  arising  from  the  aorta  at  a  higher 
level  as  lat4?ral  branches  ;  it  is  due  either  to  a  more  extensive  fusion  than  usual  of  the  primitive 
dorsal  aortte,  or  to  the  origin  of  the  exU^nial  iliac  arteries  from  the  primitive  dorsal  aort.'c  being 
at  a  higher  level  than  is  orrlinarily  the  case  ;  if  the  condition  is  due  to  the  latter  cause,  it  may 
be  that  the  external  iliac  art«*ri<*s  in  eamivores,  anrl  the  external  iliac  art eri<-s  whi<'h  occasionally 
rise  from  the  aorta  in  man,  are  somatic  segmental  arteries  of  a  higher  segment  than  the  normal 
external  iliac  arteries  of  the  human  subject. 

Thb  Branches  of  the  Aokta. 

The  coronary  or  cardiac  arteries  may  arise  by  a  single  stem.  When  ari>ing  sejvarately 
both  may  spring  from  the  same  sinus  of  Valsiilva  ;  or  again,  their  interventricular  and  transverse 
branches  may  aU  arise  as  distinct  vessels  from  a  single  sinus  of  Valsalva.  This  variability  is  not  so 
remarkable,  seeing  that  the  arteries  in  question  are  iiiei-ely  enlarged  "  vasa  vasorum  "  raistnl  to  a 
position  of  special  importance  by  the  development  of  the  heart 

The  branches  of  the  arch  of  the  aorta  are  sometimes  increxis^l  and  sometimes  decreased  in 
numlter. 

The  highest  number  reconle*!  is  six,  viz.,  right  subclavian,  right  vertebral,  right  common 
carotid,  left  common  can)tid,  left  vertebnil,  and  left  sulxlavian.  Ai>})an*ntly  this  condition  is  the 
Keult  of  the  al)Sorptiun  of  the  innominate  art^ny  and  of  the  nKtts  of  the  sulHtlaviaii  arterites, 
to  i>oiuts  beyond  the  origins  of  the  verti-brals,  into  the  ai-ch.  By  variations  of  this  pi-cwi-ss  of 
al>!«ori>tion  other  combinations  may  be  j)r(Hluced  ;  thus,  instead  of  the  roots  of  the  subclavian 
art^rn*  l>eing  absorlnHl,  the  right  common  cai-otid  and  innominate  arteries  may  alone  be  aljsorbed, 
in  which  case  the  five  following  bmnches  spring  8«M)arately  fmm  the  arch  of  the  ar>rta :  richt 
Hubclaviau,  right  external  carotid,  right  internal  <'arotid,  left  common  carotid,  and  left 
&ubc]avi«'in.  The  trunk  nuist  cxmiinonly  absorlxnl  L*  the  initial  i>art  of  the  left  sulxlavian  ;  the 
nunil>er  of  branclun*  th«*n  arising  fn>m  the  arch  of  the  aorta  is  four,  the  additional  vt*sel 
b^ang  the  left  vertebral,  which  aris«»s  lK*tw<;en  tht^  left  common  can)tid  and  the  left  subclavian. 
Owasionally  the  usual  three  bmnches  frf)m  the  arch  are  increruMnl  to  four  by  the  formation  of  a 
new  vwfsel,  the  "thyroidea  iina.''  This  may  Ik?  i)laee<l  betwieii  the  innominate  and  left  carotid 
tmnkM,  in  which  case  it  reju-esentsa  persistent  ventral  visceral  branch  fi-om  the  ventral  nK)t  of  the 
fourth  left  aortic  arch  ;  in  other  cases  the  thyroidea  ima  sj)ringB  from  the  innominate  artv.ry  and 

>  It   is  to  be   observeil  thnt  the   exact   point  of  l»ifurcation  of  the  aorta,  in  relation  to  the  vertebral 
eolamn,  is  not  entirely  tletennined  bv  the  length  of  the  descending  aorta. 
Rln. 
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roprosiMit.s  a  ventral  visceral  branch  of  the  ventral  root  of  tlie  fourth  right  arch.  Very  rar^lv 
tin?  riglit  vertebral  artery  anses  separat^'ly,  and  forms  a  fourth  branch  of  the  arch  of  the  ar»rli, 
the  rest  of  tlie  branches  being  normal.  This  anidition  cannot  l)e  ac<x)imt€rl  for  by  any  modih--»- 
tion  of  the  ordinary  developmental  processt»rt.  It  may  possibly  be  due  to  the  iXTpi>it*»nce  of  iii 
irregular  or  unimportant  anastomosjii*  betwven  the  ventral  root  of  an  aortic  an-li  and  th*-  wvrL'.i. 
f<omatic  segmental  artery. 

Di'cn'ast'  in  tlie  number  of  brandies  from  the  arch  of  the  aorta  is  niof^t  fre<|uenlly  d-.i**  t- 
fusion  of  the  ventral  i^oots  of  tlie  fourth  aortic  arches,  the  resiUt  being  that  a  st^m  is  fnrin-'l 
eommoii  to  the  right  t^ulu-lavian  and  the  right  and  left  common  carotid  art*»rie8  ;  whil^l  iIi*-  lii: 
sub'lavi.'iu,  arising  separately,  is  the  only  other  branch  which  springs  from  the  arch  of  the  a»nii. 

If  the  fusion  of  the  ventral  roots  ]>r(H:eeds  further  and  includes  tlK«e  of  the  thini  arclif-v  tii-.- 
result  as  regaitls  the  branelu-s  given  off  from  the  arch  of  the  aorta  is  the  s^me,  viz.  ther*-  i- :i 
common  stem  for  the  right  subclavian  and  lx)lh  carotids,  and  a  sepanite  left  subclavian  trunk  ;  i-i;* 
the  common  stem  now  gives  off  the  right  subclavian  artt^ry,  and  then  continue:*  a»  a  single,  ve^'. 
for  some  distance  before  it  dividers  into  the  two  common  carotids,  of  which  the  left  cn*!?!^  ii: 
fr<»ut  of  the  trachea.  This  arrangement  is  common  in  many  quadrumana  an<l  in  some  <ith»'r 
mammals. 

It  is  only  very  occa-^ionally  when  the  number  of  branches  from  the  arch  of  the  aorta  i- 
reduced  to  two,  that  these  consist  of  a  right  subclavian  artery  and  of  a  single  steiu  eomuufli  i.' 
tin*  two  carotids  ami  tin-  left  subclavian  art^iries.  In  such  cases,  however,  the  right  orimnu.-:: 
r^irotid  cros.-4es  m  front  of  the  trachea,  and  the  variation  is  one  of  practical  inij)ortance.  It  tUr^ 
not  api>ear  to  exist  as  a  normal  condition  in  any  mammal.  Probaoly  it  is  due  to  fusion  uf  iLt 
ventral  roots  of  the  fourth  acirtic  arches,  with  absorption  of  the  left  fourth  arch  and  the  left  hiI- 
clavian  into  the  stem  so  foriiu'd,  whilst  the  right  suln^lavian  is  ndatively  disp]aee<L  The  iw. 
comnuju  ivirotids  may  arise  by  a  common  stem,  and  the  left  subclavian  arise  si'parately  fp-t. 
the  anil  of  the  aorta,  whilst  the  right  subclavian  springs  from  the  desc^^udinu  aorta.  71;:- 
arraiigemeiit  i)robably  results  from  the  disappearaiu^e  of  the  fourth  right  arch  and  the  fur^ioii  'i 
the  ventral  r(K)ts  of  the  fourth  arches  of  opjHwit^  sides. 

Sometimes  two  innominate  arteries,  right  and  left,  rephu'^^  the  three  usual  branches  of  iLi- 
arch  of  the  aorta.  This  is  the  normal  arrangement  in  bits,  moles,  and  h«.<lgi*]iogvj.  It  > 
obviously  the  result  of  the  disap])ea ranee  of  that  i>ortion  of  the  an:h  which  intt-r^'eni-s  l«rtwu-u 
the  left  carotid  and  left  subclavian  arteries,  .ind  the  consequent  fusion  of  thwe  two  ves^ek 

In  a  similar  way  may  K*  explained  the  rarer  condition  in  which  the  thn:-*»  onlinar} 
braiK-hes  of  the  arch  arise  by  oin*.  single  stem,  which  divider  into  right  and  left  iniiomiiiat- 
arteries.     In  most  ruminants,  in  the  hoi"se  and  in  the  tapir,  this  arrangement  is  constant. 

It  will  be  evident  that  other  c<^»mbinations  and  modilicatioiLs  may  Ikj  met  with  in  the  bramliT- 
of  the  anh  of  the  aorta  as  the  result  of  fusions  and  alisorption. 

The  bronchial  arteries  obviously  c4)rresiK)nd  to  splanchnic  segmental  arteries  and  tb-i: 
continuations  to  diverticula  fi-om  the  walls  of  the  gut^  therefore  the  iu>ual  origin  of  ilit 
right  bronchial  artery  from  the  lii-st  right  aortic  intercostal  artery  must  re.sult  from  tb- 
persistence  of  an  aniisu^niosis  between  a  sjdanchnic  segmental  artery  and  the  fiist  part  of  a 
somatic  segnu-ntal  artery;  tlu'  origui  of  the  right  fit>m  the  upper  left  broncliial  artery,  which 
sometiuH-s  occui's,  is  due  to  the  fusion  of  the  ixx.»ts  of  two  si>lanchnic  se.gmeutal  arteries.  TLc 
o(({u<ional  origin  of  a  bronchial  vessel  from  an  intenial  mammary  artery  win  only  result  frikn. 
the  i)ei-sisten«e  and  eiilavgemeut  of  an  aiwistomosLs  Ix^tween  a  splanchnic  segmental  artery  aiii 
the  ventral  luaiich  of  a  somatic  segmental  artery.  The  origin  of  a  bn")nchial  bi-anch  frum  :» 
sulu'lavian  artery  may  have  the  same  or  a  different  significance  on  opposite  sides  of  the  !■  Jy. 
A  broinhial  artery  arising  fn>m  the  left  sul.»clavian  artery  cori-esiwnds  with  the  origin  of  ib- 
right  bronehial  artery  from  th<»  fii-st  aortic  intercostal  artery-;  it  is  due  to  the  j)epfustenc4:  of  an 
anastonnjsis  ]»etween  a  splanchnic  setfmental  artery  and  the  root  of  a  somatic  sequent al  ant-rr. 
au<l  the  origin  of  a  brtaicliial  artery  frrmi  a  right  snU'lavian  artery  may  he.  due  to  a  similar  cait'^. 
It  may,  on  the  other  han<l,  Ikj  due  to  the  enlargement  of  an  anastomosb*  l»etw<H'n  a  splamliiii' 
branch  of  tlie  desci'uding  aorta  and  a  splanchnirt  branch  of  the  fourth  right  aortic  an-h.  WLt-n. 
as  occasionally  hapi)eiis,  tlie  bronchial  artery  arises  from  the  inferior  thyroid,  it  is  due  to  tLi- 
pei-sisteiice  and  enlargement  of  an  anastomosis  between  splanchnic  arterites!. 

Intercostal  Arteries. — A'ariations  of  the  intercostal  arteries  ixva  not  vvry  common,  lu- 
they  an^  significant  and  interesting.  Corivi*jKmding  vi>ssels  of  opptisit^*  si<les  may  arL^e  frc-in  i 
(?ommon  stem  which  has  In-en  formed  by  the  fusion  of  the  roots  of  two  somatic  segmental  artt-rit-* 
aft<-r  or  simultaneously  with  the  fusion  of  the  luimitive  dorsal  aortje.  The  niimWr  of  inter»4r:jl 
arterites  may  In*  reduced,  one  artery  su])plying  two  or  more  inteixxjstal  s[vic<^  ;  in  tlieso  c**!-?  tie: 
iiKits  of  origin  nH  some  of  the  somatic  segmental  art^-ries  in  the  doi-sal  region  have  du>apiH:arfi. 
and  tile  j)re«'(»stal  an»astonn»ses  lx*tween  tlu'ir  ventral  bi-anches  have  persistixi. 

Ocrasi(»iially  tiie  numl>er  of  the  aortic  intercostal  arteries  is  increa»*e<l,  an  additional  arttrr 
being  given  to  the  seroml  intereostal  siKice,  which  is  usually  supplied  by  the  sujK'rior  intcnt-rtiil 
artery  ;  this  i.s  bi-ought  aUmt  by  the  pei-sisteiice  of  the  root  of  the  tenth  s<^matic  sognienial  nrti-rv 
and  the  (li>ap[>eaiaiice  of  the  jn-ecostal  anastomc»sis  In'tweeii  the  ventral  branches  of  the  ninth  m-i 
tenth  M»matir  segmental  arteries.  Very  rarely  the  first  aortic  inti-rcostal  artery  s^nds  a  hrui'I. 
upwanls  between  the  necks  of  the  rilis  and  the  transvei-se  pi-ocesses  of  the  uppor  doi^  rep-m: 
this  brancii  suj)plies  the  uj)per  inteix-ustal  si^Me-**,  the  superior  intercostal  artery  I »eing  smiili  «.■' 
absent,  and  it  terminates  by  liec<uuiiig  the  i)it>funda  cen-icis  artery.  It  i.-*  due  to  the  persL<teii't 
of  the  jiostc«)stal  anjistomoses  in  the  upper  doi-sal  region,  and  is  a  ivpetition  of  a  condition  regiiLirij'" 
]>resent  in  some  i'ai-nivores. 
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There  are  no  very  important  variations  of  the  oesophageal,  pericardial,  and  mediastinal 
arteries. 

Lumbar  Arteries.  —  Variations  of  the  lumbar  arteries  are  very  similar  to  those  of  the 
intercostal  arteries,  and  they  are  due  to  similar  causes.  The  lumbar  arteries  of  opposite  sides 
may  arise  by  common  stems  from  the  back  of  the  aorta ;  and  the  last  pair  of  lumoar  arteries 
may  arise  in  common  with  the  middle  sacral  artery.  Further,  a  lumbar  artery  may  have  its 
area  of  distribution  increased  to  the  adjacent  se^ent 

The  inferior  phrenic  arteries  are  verv  variable ;  they  may  arise  by  a  common  trunk  either 
ftt>m  the  cceliac  axis  or  from  the  aorta ;  they  may  arise  separately  either  from  the  aorta  or  from 
the  coeliac  axis,  and  more  commonly  from  the  latter  vessel ;  or  again,  one  may  spring  from  the 
aorta  or  cceliac  axis,  and  the  other  from  the  coronary,  renal,  or  even  from  the  superior  mesenteric 
artery. 

The  middle  sacral  artery  usually  springs  from  the  back  of  the  aorta  above  its  bifurcation  ; 
it  may  be  considerably  above,  or  more  rarely  it  may  spring  directly  from  the  bifurcation.  Not 
infrequently  it  arises  from  the  la.st  lumbar  artery  or  from  a  stem  common  to  the  two  last 
lumbar  artejries,  and  occasionaliv  it  arises  from  a  common  or  iutemal  iliac  artery.  Some- 
times it  apparently  gives  off  the  last  pair  of  lumbar  arteries,  and  very  occasionally  an  accessory, 
renal,  or  a  haemorrhoidal  branch  arises  from  it  The  vessel  is  not  always  present,  it  may  be 
double,  entirely  or  in  part,  and  it  may  bifurcate  at  its  termination. 

The  renal  arteries  frequently  deviate  from  the  normal  arrangement  The  arteries  of 
opposite  sides  may  spring  from  a  common  stem,  or  there  may  be  two  or  more  renal  arteries  on 
one  or  both  sides.  The  accessory  arteries  are  more  common  on  the  left  than  on  the  right  side, 
and  an  accessory  artery  rising  below  the  ordinary  vessel  is  more  common  than  one  rising 
above  it. 

Accessory  renal  arteries  may  be  derived  not  only  from  the  aorta,  but  also  from  the  common 
or  internal  iliac  arteries ;  they  have  also  been  descri))ed  as  arising  from  the  inferior  phrenic, 
spermatic,  lumbar,  or  middle  sacral  arteries,  and  even  from  the  external  iliac  artery.  As  the 
kidney  is  developed  in  the  region  of  the  first  sacral  vertebra,  and  afterwards  ascends  to  its  perma- 
nent position,  it  is  not  surprising  that  it  occasionally  receives  arteries  from  the  main  stem  of 
more  than  one  of  the  segments  of  the  body  through  which  it  has  passed,  and  it  is  usually  found 
that  the  lower  the  position  of  the  kidney  in  the  abdomen  the  more  likely  it  is  to  receive  its 
arteries  from  the  lower  part  of  the  aorta  or  from  the  common  iliac  arteries.  The  accessory  renal 
arteries  which  spring  from  the  inferior  phrenic,  the  spermatic,  and  lumbar  arteries  can  only  be 
the  result  of  the  persistence  and  enlargement  of  anastomosing  channels  between  the  renal  and 
either  another  intermediate  visceral,  or  a  somatic  artery. 

The  spermatic  or  ovarian  arteries  may  be  double  on  one  or  both  sides ;  the  arteries  of  oppo- 
site sides  may  spring  from  a  common  trunk,  or  they  may  rise  fix)m  the  renal  or  suj>rarenal 
arteries.  The  right  artery  may  pass  behind  instead  of  in  front  of  the  inferior  vena  cava.  The 
spermatic  and  ovarian  arteries  arise  from  the  upper  lumbar  portion  of  the  aortii,  l)ecause  the 
testicles  and  ovaries  are  developed  in  and  obtain  their  arterial  supply  in  that  region,  and  the 
Tessels  are  elongated  as  the  testicles  and  ovaries  descend  to  their  permanent  positions.  The 
occurrence  of  two  spermatic  arteries  on  one  side  is  probably  an  indication  that  the  testicle  was 
developed  in  at  least  two  segments  of  the  Ixxiy,  and  the  origin  of  a  spermatic  artery  from  a  renal 
or  suprarenal  artery  is  due  to  the  obliteration  of  the  root  of  the  original  vessel  and  the  enlarge- 
ment of  an  anastomosis  between  the  intermediate  visceral  arteries  of  adjacent  segments. 

The  coBliac  axis  may  be  absent,  its  branches  arising  separately  from  the  aorta  or  from  some 
othcu:  Boun-e.  Sometimes  it  gives  off  only  two  branches,  usually  the  coronary  and  splenic,  and 
occasionally  it  gives  four  branches,  the  additional  branch  being  either  a  second  coronary  artery 
or  a  separate  gastro-duodenal  artery. 

Tlie  hepatic  artery  may  spring  directly  from  the  aorta  or  from  the  superior  mesenUiric 
art^-ry,  and  the  left  hepatic  artery  occasionally  arises  from  the  coronary  artery.  Accessory  hepatic 
arteries  are^ot  uncommon,  and  they  originate  either  from  the  coronary,  superior  miaenteric,  renal, 
or  inferior  mesenteric  artery. 

The  coronary  artery  is  occasionally  double ;  it  may  spring  directly  from  the  aorta,  and  it 
mavgive  off  the  left  hepatic  or  an  accessory  hepatic  artery. 

The  splenic  artery  may  arise  from  the  middle  colic,  from  the  left  he])atic,  or  from  the 
inferior  mesenteric  artery. 

The  superior  mesenteric  artery  may  be  double,  and  it  mav  supply  the  whole  of  the 
alimentary  canal  from  tlie  second  jmrt-  of  the  duodenum  to  the  end  of  the  rectum,  the  inferior 
mesenteric  artery  being  absent  In  addition  to  its  ordinary  branches  it  may  give  off  a  hepatic, 
a  splenic,  a  pancreatic,  a  gastric,  a  gastro-cpiploic  or  a  gastro-ducxlenal  brancli.  Very  rarely 
it  gives  off  an  omphalo-mesenteric  branch,  wni<-.li  pa.sse-s  to  the  region  of  the  umbilicus  and 
becomes  connected  with  capillary  vessels  in  tlie  falciform  ligament  of  the  liver. 

Tlie  inferior  mesenteric  artery  may  give  he])atic,  renal,  or  middle  colic  branches ;  occasion- 
ally it  is  absent,  being  replaced  by  branches  of  the  superior  mesenteric,  and  sometimes,  as  in 
ruminants  and  some  rodents,  its  left  colic  brjmch  ao<«  not  ana.stomo6e  with  the  middle 
colic  artery. 

All  these  variations  of  the  unpaired  visceral  branches  of  the  aWominal  aorta  are  merely  due 
to  modifications  of  the  usual  processes  by  which  the^t*  v(«st>ls  ai-e  developed. 

The  origin  of  the  branches  which  usually  rise  from  the  cojliac  axis,  from  the  trunk  of  the 
aorta  is  the  result  of  the  retention  of  a  greater  nuinl>er  of  the  splanchnic  s*'gmental  arteries 
than  usuaL     A  double  suj^rior  mesenteric  artery  rtisults  from  the  persistence  of  both  the  ri^ht 
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and  left  splanchnic  vessels  from  which  the  superior  mesenteric  artery  is  formed,  thcBc  remainiof! 
se^)arate  inst^^ad  of  fusing  together.  All  the  other  variations  are  the  results  of  the  obliteration 
of  the  usual  channels,  combiiud  with  the  enlargement  of  anastomoses  which  exist  botL 
between  the  splanchnic  arteries  of  adjacent  segments  and  the  splanchnic  and  intermediate 
visceral  arteries. 

The  Arteries  of  the  Head  and  Neck. 

Innominate  Artery.— Fn;m  what  has  already  been  said  with  reference  to  the  hrandit^ 
of  the  arch  of  the  aorta,  it  will  be  seen  that  the  innominate  arterv  may  be  absent.  On  the  oiLrr 
hand  there  may  be  two  innominate  arteries,  a  right  and  a  leu,  eacli  ending  in  oorresiKmdiDg 
common  carotid  and  subclavian  trunks,  and  the  two  vessels  may  themselves  arise  by  a  conunon 
stem. 

The  branches  given  off  by  the  innominate  artery  may  \m  increased  in  number,  or  the  innomi- 
nate may  only  vary  from  the  normal  as  regards  length.  As  a  consecjuence  of  such  modifications 
in  length,  tlie  origins  of  the  right  common  carotid  and  right  subclavian  arteries  may  be  sitnatni 
at  a  higher  or  lower  level  than  usual,  whilst,  in  the  al^ience  of  the  innominate  artery,  >K)th  the?* 
brani-heij  may  arise  directly  from  the  aorta. 

Common  Caxotid  Arteries. — When  the  right  common  carotid  artery  arises  separattflv  from 
the  arch  of  the  aortii,  it  may  be  the  firsts  or  much  more  rarely  the  second  branch.  In  the 
former  case  the  fourth  right  aortic  arch  has  been  obliterated,  and  the  right  sulx'lavian  art*nr 
springs  fi-oni  the  descending  aorta ;  in  the  latter  case  either  the  innominate  stem  has  Wn 
aljsorbed  into  the  arch  of  the  aorta,  or  the  ventral  root  of  the  fourth  right  aortic  arch  has  fustd 
with  ])art  of  an  elongatwl  fourth  left  ai-ch. 

Whether  arising  as  the  iirstor  second  branch,  the  origin  may  be  to  the  left  of  the  mesial  plaii»-, 
and  the  trunk  may  \)as^  in  front  of  the  trachea,  or  l^ehind  the  oesophagus,  before  it  ascends  m  tL^ 
neck. 

The  left,  common  carotid  artery  varie,s  as  regards  its  origin  much  more  frequently  tlian  tht- 
right  vessel  ;  not  uncommonly,  and  apparently  l)ecause  of  the  fusion  of  the  ventral  roots  of  ih*- 
fourtli  aortic  arches,  it  arisen  from  a  stem  common  to  it  and  to  the  right  common  carotid  and 
riglit  suUlavian  arteries. 

Both  common  carotids  may  vary  jls  reganls  their  termination.  They  may  divide  at  a  higher 
or  lower  lev<4  than  usual,  the  former  more  commonly  than  the  latter ;  whilst  in  a  few  exceptioDal 
(lu^es  the  common  carotid  does  not  divide,  but  is  continued  directly  into  the  internal  carotid, and 
from  this  tlie  branche,s  usually  given  off  by  the  external  carotid  are  derived. 

This  arrangement  is  prol^bly  due  to  oblitemtion  of  the  ventral  i-oots  of  the  first  and  secuod 
aortic  arches,  tlie  arches  pei-sisting  and  Ixjing  divided  into  the  branches  which  generally  ari* 
from  their  ventral  extremities^. 

Usually  the  common  carotids  give  off  no  branches,  but  not  infrequently  one  or  more  of  tht 
l)ranches  of  the  external  carotids  arise  from  them. 

The  external  carotid  artery  may  be  al)Kent,  or  it  may,  in  rare  cases,  arise  directly  from  the 
aith  of  the  aorta.  The  number  of  its  ])ranches  may  be  diminished  either  by  fusion  of  their  root* 
or  by  transference  to  the  internal  or  common  carotid  arteries.  On  the  otlier  hand,  the  number  of 
its  branches  may  ]>e  increased  ;  thus  the  stemo-mastoid  artery,  thehyoid  branch  usually  given  off 
by  the  sui»erior  thyroid  artery,  or  the  ascending  }>alatine  branch  of  the  facial,  may  arise  ficom  it 
Sometimes  the  liranches  may  arise  in  the  usual  way,  but  may  deviate  from  the  course  generally 
taken  ;  more  particularly  is  this  the  case  with  the  internal  maxillary  artery,  which  may  pai- 
either  l>etween  the  heads  or  entirely  external  or  internal  to  both  lieacfs  of  the  external 
pterygoid  muscle. 

The  internal  carotid  artery  is  rarely  absent.  Occasionally  it  springs  from  the  an*h  of  the 
aorta,  and  in  its  course  through  the  neck  it  may  vary  somewhat  in  length  and  in  tortuosity.  One 
or  more  of  the  branches  usually  derived  from  the  external  carotid  artery  may  arise  from  it^aadit 
sometiniei*  gives  off  a  large  meningeal  branch  to  the  posterior  fossa  of  the  skull  Its  jiosteriw 
communiiuating  branch  mav  replace  the  jx)8terior  cerebral  artery  ;  on  the  other  hand,  the  upjrr 
]>art  of  the  internal  caroti(l  may  Ixi  al)sent,  and  the  posterior  communicating  artery  may  become 
the  middle  cerebral  artery.  The  anterior  cerebral  branch  of  the  internal  carotid  may  fie  absent, 
or  rather  it  may  arise  from  the  corresponding  artery  of  tJie  opjxwite  side ;  or  there  mav  be  thrw 
anterior  cerebral  arteries,  the  thiwl  arising  from  the  anterior  communicating  artery  whicji  connect* 
the  two  anterior  cerebrals  together.  The  ophthalmic  artery,  as  it  traverses  the  orbit,  may  pas? 
either  over  or  under  the  o])tic  nerve.  It  is  occjisionally  replaced  by  a  branch  of  the  miadle 
meningeal  artery. 

The  vertebral  artery  may  have  a  double  origins-one  from  the  subclavian,  and  one  from  the 
iiift-rior  thyroid  artery  or  fi*om  the  aortJk 

The  right  vertebral  may  arise  from  the  common  carotid  or  from  the  arch  of  the  aorta. 
()«rasionally  it  spnngs  from  the  descending  aorta,  an  arrangement  associated  with  the  jieisistenw 
of  the  doi-sal  itxjUi  of  the  fourth  and  fifth  right  arohes. 

The  left  voHebral  artery  not  infrtiquently  s])rings  from  the  arch  of  the  aorta,  arising  between 
the  h^ft  common  carotid  and  left  suU-lavian  arteries ;  this  is  evidentlv  due  to  the  ahsorption  of 
the  stem  of  the  seventh  segmental  artery  into  the  aortic  arch.  Verj'  exceptionally  the  left 
v<*.rtebral  is  a  bninch  of  an  inteifostal  artery. 

In  its  course  ujiwanls  either  vertebral  artery  may  enter  the  veTtebrarterial  foramen  of  anrof 
tht  lowiir  six  cervical  vertebra. 
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The  cases  iu  which  it  does  not  enter  one  of  the  lowest  of  these  are  apparently  associated  witli 
its  formation  in  part  from  the  precoetal  instead  of  from  the  postcoetal  anastomosing  channels. 

The  artery  may  enter  the  spinal  canal  with  the  second  instead  of  with  the  first  ccn-ieal  nerve, 
or,  after  leavmg  the  foramen  in  the  transverse  process  of  the  third  vertebra,  it  may  divide  into 
two  branches,  one  of  which  accompanies  the  second  and  the  other  the  first  cervical  nerve ;  the  two 
branches  unite  together  again  in  the  spinal  canal  to  form  a  single  trunk. 

Sometimes,  thouffh  rarely,  it  gives  off  superior  intercostal  and  inferior  thyroid  branches.  Tlie 
upper  end  of  one  of  the  vertebiuls  is  sometimes  very  small,  or  it  may  be  entirely  wanting ;  in 
the  latter  case  the  basilar  artery  is  formed  by  the  direct  continuation  of  the  opposite  vertebral 

The  basilar  arteiy  may  be  double  in  part  or  the  whole  of  its  extent^  or  its  cavity  may  1)e 
divided  by  a  more  or  less  complete  septum.  It  may  terminate  in  one  instead  of  two  posterior 
cerebral  arteries,  the  missing  vessel  being  supplied  by  the  enlargement  of  the  posterior  com- 
municating branch  of  the  internal  carotid. 

The  Arteries  of  the  Upper  Limb. 

SnbclaTian  Arteries. — The  valuations,  so  far  as  regards  the  origins  of  the  subclavian 
arteries,  have  already  been  mentioned  (p.  947).  Other  interesting  modifications  are  met  with  iu 
respect  of  its  position  and  branchet*. 

The  subclavian  artery  may  reach  as  high  as  one  or  even  one-and-a-half  inche«  a!x>ve  the 
clavicle,  though  as  a  rule  it  does  not  reach  higher  than  three-quarters  of  an  inch  alxjve  that 
bone.  On  the  other  hand,  it  may  not  rise  even  to  the  level  of  the  upper  lx)rder  of  the  clavicle. 
These  differences  appear  to  be  associated  with  the  descent  of  the  clavicle  and  sternum,  which 
occurs  as  age  increases. 

The  artery  may  pass  in  front  of  or  through  the  scalenus  anticus  instead  of  l>ehind  it,  or 
the  vein  may  accompany  it  behind  the  muscle. 

The  branches  of  the  sulxjlavian  artery  may  be  modified  with  reference  to  their  points  of  origin ; 
thus  those  of  the  first  part  may  l)e  further  in  or  out  than  usual,  the  suprascapular  or  some  other 
branch  of  the  thyroid  axis  may  arise  separately  from  the  third  part  of  the  artery,  and  not 
uncommonly  the  posterior  scapular  artery  is  a  branch  of  this  part  The  abnormalities  of  the 
vertebral  branch  have  already  been  described ;  those  of  the  thyroid  axis  and  its  branche^s  are 
numerous  but  not  important 

The  internal  mammary  artery,  usually  a  branch  of  the  first  part  of  tlie  subcUivian,  is  very 
variable  as  regards  its  origin.  It  may  arise  from  the  second  or  third  parts,  or  from  tlie  thyroid 
axLj,  or  it  may  spring  from  the  aorta,  or  from  the  innominate  or  axillary  arteries.  All  these 
variations  are  due  to  obliteration  Of  the  normal  origin  and  the  opening  up  of  anastomoses. 
The  internal  mammary  artery  sometimes  descends  in  front  of  the  cartilages  of  one  or  more  of 
the  lower  true  ribs,  and  occasionally  it  gives  off  a  large  lateral  branch  (a.  mammaria  lateralis) 
which  descends  on  the  inner  side  of  the  chest  wall  nearly  in  the  mid -axillary  line,  a  jwint  of 
importance  in  paracentesis. 

A  few  cases  have  also  been  noticed  in  which  a  bronchial  artery  has  arisen  fi-oni  the  internal 
mammary. 

The  superior  intercostal  branch  of  the  subclavian  may  l)e  absent  In  any  case  its  deep 
cervical  branch  may  rise  directly  from  the  subclavian  trunk.  The  superior  intei-costal  is  some- 
times formed  from  a  postcostal  instead  of  a  precostal  primitive  channel,  and  in  this  case  it  }>asses 
between  the  necks  of  the  ribs  and  the  transverse  processes  of  the  vertebrai  instead  of,  as  usual,  iu 
front  of  the  necks  of  the  ribs. 

The  axillary  artery  does  not  vary  much  as  regards  its  origin  or  course.  Its  relations  may  Ixi 
modified  by  the  existence  of  a  muscular  or  tendinous  **  axillary  arch,"  which,  i)assing  fi-oui  the 
latissimus  dorsi  to  the  pectoralis  major,  crosses  the  lower  part  of  the  artery  8ui>erficially  ;  and 
a  further  interesting  modification  is  associated  with  an  anomalous  arrangement  of  its  branches*. 
OccasionaUy  the  sub-scapular,  circumflex,  and  superior  and  inferior  profunda  arteries  arise  fi-om 
the  axillary  by  a  common  stem.  In  these  cases  the  chief  branches  of  the  brachial  plexus  are 
grouped  round  the  common  stem  instead  of  round  the  main  trunk,  and  it  is  suggested  that  the 
common  stem  in  question  was  originally  the  trunk  artery  of  the  upper  limb,  the  lower  part  of 
which  has  been  obliterated,  the  circulation  being  carried  on  by  a  vas  aljerrans  which  anastomosis 
below  either  with  the  brachial  artery  or  with  one  of  the  arteries  of  the  forearm.  It  is  also 
said  that  a  rudiment  of  this  artery  exists  in  a  muscular  branch  which  passes  between  the  heads 
of  the  median  ner\'e. 

Sometimes  the  axillary  artery  divides  into  the  radial  and  ulnar  arteries,  and  more  rarely  the 
interosseous  artery  may  spring  from  it 

Obviously  when  the  radial  and  ulnar  arteries  are  formed  by  the  division  of  the  axillary,  there 
is  no  brachial  artery ;  its  place  is  taken  bv  the  two  abnormal  vessels  which,  as  a  rule,  are 
separated  by  the  meaian  nerve  as  they  run  through  the  upper  arm  ;  the  radial  is  usually  more 
superficial  than  the  ulnar,  and  crosses  outwards  in  front  of  it  at  the  l)end  of  the  elbow. 

The  brachial  artery  is  rarely  prolonged  bevond  its  usual  ]H)int  of  bifurcation,  not  uncommonly, 
however,  it  bifurcates  at  a  higher  level  Of  tLe  two  terminal  branches  of  the  brachial,  one  may 
divide  into  radial  and  intero8scK)U8,  the  other  forming  the  ulnar ;  or  one  may  divide  into  radial 
and  ulnar,  whilst  the  other  is  the  interosseous  artery.  Occasionally  the  brachial  artery  ter- 
minates by  dividing  into  three  brandies — viz.  the  rmlial,  the  ulnar,  and  the  interosHeous.  In 
any  case,  the  branch  wliich  gives  origin  to  or  Ix^comes  the  interosseous  was  in  all  probability  the 
original  trunk. 
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Division  of  the  brarliial  artery  at  a  higher  L-vel  than  iwual  ocelli's  mtwt  cuiumoiily  in  ilir 
iipi)er  thii-d  of  tlie  arm,  «iiid  leaat  coinmoiily  in  tlie  lower  third  ;  the  resulting  triuiks  are  ofi-ii 
united  nrar  the  bend  of  the  elbow  by  a  more  or  less  oblique  anaHtomosid. 

In  t'asfs  of  high  divi>ion  of  th(^  l)rat.liial  artt^ry  the  radial  lininch  may  pieree  tin-  dwp  fii-ii 
of  the  arm  nviir  tlie  Inaid  of  the  el]M)W,  and  desa-nd  in  the  forearm  iinmiHliately  l^eiiiMih  :li  • 
skin;  in  other  lascs  tin;  ratlial  runs  deeper,  and  passes*  Ivhind  tlie  t^iudon  of  tin*  liiiij*..  Tii-- 
ulnar  branch  .soniftiuK's  run.-»,  on  tlnj  internal  intennu»cular  sei>tum,  towanls  the  inii»-r  4.i«!i«l\i.. 
and  then  outwards  towairls  the  middle  of  the  l)end  of  the  elbow  under  a  biiud  of  fas*  iii,  fn.m 
which  the  upper  fibres  of  the  pronator  teres  arise,  or  round  the  supracondylar  prLr.>^>  *A  tii-.- 
huiUi-ruH  if  it  is  ])resi'nt.  More  eommonly  the  idnar  l)raneh  deaeends  towanls*  the  iniurr  eoiiilyl-, 
and  (Tosses  sii[K;rii<ial  to  the  Hrxur  muscle.s  or  Innieatli  the  piilmaris  longus  ;  and  in  a  few  i\i>.?:  i: 
is  siibeutAiieous.  Very  o«.'i:;isionally  the  ulnar  artery  aecompanifS  the  ulnar  u«'rve  U-hiiul  rh- 
iuui-r  ("ondyle ;  in  these  (:;use.s  it  has  obviously  Ixren  formed  by  enlargement  of  the  unlii.:irv 
inferior  profunda  and  i>cjsterior  ulnar  recurrent  art^-ries. 

lust«-ad  of  following  its  usual  course  along  the  bniehialis  antieu:',  the  bra'-liial  ai-tery  !i:iy 
aeroiiipany  the  nuKliau  nerve  behind  a  supracondylar  or  einoondylic  pro<'e!*s,  or  liganieni,  a^  ii. 
many  eaniivoies  ;  it  may  jiasa  in  fi-ont  of  the  nu^ian  nerve  instead  of  Ijehind  it.  It  may  ^'iv.- 
off  a  "  vas  aberrans"  or  a  nio<lian  artery,  and  any  of  its  oHinary  branches  ma}'  be  alt^ent. 

The  vas  aberrans  given  olV  from  the  brfU'hial  artery  usually  ends  in  the  radial  art«-ry,  -.'mr- 
tinie,<  in  the  ratlial  re«:urrent,  and  rarely  in  the  ulnar  artery. 

The  ulnar  artery  may  be  absent,  being  replacwl  by  the  **  comes  nervi  me<liani  *'  or  tlie  iniw- 
osseous  artery,  and  it  may  terminate  in  the  di*ep  insteiid  of  in  the  superfieial  palmar  arrli.  li 
rarely  risis  at  a  lower  h*vel  than  usual,  and  when  it  rises  at  a  higher  level  it  nuist  o*.»miuuiiI,\ 
p.usses  snperlicial  lo  tin'  muselcs  which  sj)ring  fi-om  the  inteiiial  e],»icondyle.  Moivovi-r.  in  tij'M 
cases  it  freipienily  has  no  interosseous  l»ranch,  the  latter  ve.ssel  springing  from  the  nidial  ailt-rv. 
and  in  all  piobabilily  variations  of  this  ileseriptioii  are  ppj<lu«'e<l  by  the  ulnar  artery  takiu' 
origin  from  lln^  main  trunk,  whieh  is  repivsente<l  by  the  radio-interosseous  vesst-l,  at  a  hi^'lj*: 
level  than  usual.  Even  when  it  commences  in  the  usual  way  the  ulnar  arti-ry  may  j.mss  -iij^  r- 
licial  to  the  muscles  fnun  the  internal  epicuiidyle,  and  m  these  cases  its  inter»».-*Seoiis  and  ri-  iirii.-r.: 
branehes  sjning  from  the  ra<lial  artery. 

The  anterior  and  jjosteiior  inten»ssei)us  arterie^j  may  arise  seiarately  fmrn  the  ulnar  inr>i'»<i  •". 
by  a  comuKHi  inter* osseous  trunk.  The  recurrent  branches  ot  the  uhiar  may  spring  I'lufu  t.i- 
iiiteros.seous,  an<l  the  inteiosseous  itself  may  be  a  branch  of  the  radial. 

The  small  median  artery,  the  companion  artery  of  the  median  nerve,  itsually  ii  bnindi  ')i  i:i". 
anterior  intero.s.seous,  may  >pring  fr«»m  the  axillary,  brachial,  or  ulnar  arteries  ;  it  may  be  nisj'h 
laigi'r  than  ii>ual,  and  terminate  either  hy  breaking  up  into  digital  branches,  at  by  juiiiin;;  'iLi 
or  more  digital  branches  of  the  superficial  ])alniar  airh  or  the  palmar  ait-h  ithw-lf. 

The  radial  artery  m.iy  be  al»sent,  its  place  bi'ing  taken  by  branches  of  the  ulnar  or  iiitri- 
osseous  arteries;  it  may  arise  from  the  axillary,  or,  higher  than  usual,  fi-om  the  Itraehi.iL  h 
may  terminate  in  muscular  branches  in  the  fivnt  of  the  fon-arm,  or  in  the.  suiH.-rli«;ialis  vol-t, 
or  in  carpal  branches;  the  luwer  j»ortion  (►f  the  artery,  in  these  cases,  is  usiuilly  ivjilacol  'y 
brancln-s  of  the  ulnar  or  inteiosst'ous  arterii's.  Occisionally  the  radial  divides  .sunie  di^'iuo- 
above  the  wrist  into  two  terminal  brane.hes,  <me  of  which  gives  olF  the  cxirpal  branches,  iiiii 
Incomes  the  snperlicialis  vobe,  whilst  the  other  cmsses  superficial  to  the  exteu.stir  teiidiais  ;ia'". 
pLU-ses  to  the  bai-k  of  the  wrist. 

The  itidial  artery  may  run  a  superficial  course,  or,  and  e.^^inn-ially  when  it  cumnu'Uces  at  * 
loW(;r  hiv«-l  than  usual,  it  may  [)ass  beneath  the  pronator  radii  tei-es  and  the  radial  origin  of  iix-- 
fiixor  snblimis  digitorum.  in  stmie  cases  it  passes  to  the  back  of  the  wrist  acK»ss  the  sui-iuiit": 
longus,  and  in  others  it  lies  iij)on,  instead  of  beneath,  tht^  extensor  tendons  of  the  thumb. 

Its  branches  may  be  diminisln'd  or  incn^asKl  in  number.  The  rarlial  recuriviit  may  apriii;: 
frrnu  the  brai'hial  or  ulnar  arteries,  or  may  be  represeiitwl  by  several  branche^s  fi\»ni  the  npii^r 
l>art  of  tin'  radial.  The  doi'salis  indi«is  may  bu  large,  and  may  replace  the  priin.vps  j.K»llicifi  aii'i 
the  radialis  iiiflicis.  On  tlie  contrary,  tin-  dors^il  (-arpal  artery  ami  dni-sal  digital  bnmeln-s  ^if  tli*- 
radial  may  be.  small,  or  the  former  may  be  replaced  by  branches  of  the  inten^ssecius  arteries  ar-l 
the  latter  by  the  superi«>r  i)»-rl'orating  branrhes  of  tht^  deep  palmar  arch. 

The  princeps  poUicis  and  radialis  indicis  arteries  may  be  absent,  their  pLicci*  being  lakcu 
eithi'r  by  Virainlies  of  the  >u[»erlicial  i)almar  arch  or  by  the  dorsalis  imlicis  artery. 

The  superficial  palmar  arch  is  sometimes  absent ;  its  branches  are  then  given  otf  fixjin  rL- 
dei})  arch,  Couvei*sely,  it  may  be  larger  than  normal,  and  it  may  Ix;  c^>mplete<l  on  the  iiliin 
sule  by  the  radialis  indicis,  the  [>riiice2)s  poUicis,  or  the  comes  nervi  mediani  arteries. 

The  deep  palmar  arch  is  much  more  ran-ly  absent  than  the  superficial  anli.  When  al^'Ut 
its  branches  are  supplied  by  the  sui»erlieial  arcli,  the  superior  perforating  arteries,  or  the  j^uiIum: 
cari)al  arch. 

The  Iliac  Auteuies  and  tiieik  IJuanches. 

The  common  iliac  artery  may  be  hmger  t»r  shorter  than  usual,  a  modification  wlii^h  h 
largely  though  not  aliogerher  determined  by  the  jxiint  at  which  the  bifuivalion  of  the  avUh 
takes  jilace.  If  exceptionally  long,  it  is  usually  tortuous.  In  rare  e;Lse.s  in  man  the  artery:* 
absiut.  It  oecasionally  gives  otf  tli<^  mi<hlle  or  a  lateral  sacral  artery,  •an<i  ilio-li!m]»ar,  siH'rninii'". 
itv  a«<'essory  renal  branches  may  aris<'  from  it. 

The  internal  iliac  artery  varies  as  reganls  length.  It  is  usually  longi-r,  and  rises  at  i 
i/i^'/ier  level  when  the  coiumow  ilivvc  is  slvoil.     In  rare  cases  it  has  In-eii  fi.iun<l  to  aris*.-  fn»iM  tL-- 


ABNORMALITIES  OF  ARTEEIES.  953 

aorta  without  the  intervention  of  a  common  iliac.  Frequently  it  does  not,  even  in  appearance, 
end  in  anterior  and  posterior  divisions,  but  obviously  forms  a  single  trunk,  as  in  the  foetus,  from 
which  the  several  branches  are  given  oif. 

The  visceral  branches  vary  much  in  number  and  size,  and  tlie  middle  hajmorrlioidal  may  not 
be  present,  its  place  being  taken  by  branches  from  the  vesical  arteries.  A  renal  branch  scjuie- 
times  arises  from  the  internal  iliac. 

The  ilio-lumbar  branch  may  rise  from  the  common  instead  of  from  the  internal  iliac ;  the 
gluteal  and  sciatic  may  rise  by  a  common  stem,  or  the  gluteal  may  be  absent,  and  its  place  taken 
by  a  branch  from  the  femoral  artery ;  the  sciatic  artery  may,  as  in  the  foetus,  constitute  the  main 
artery  of  the  hind  limb,  and  run  down  to  become  continuous  with  the  popliteal  artery.  Prol^ably 
the  **  comes  nervi  ischiadici "  represents  the  original  continuity  of  these  two  vessels.  Occasionally 
the  lateral  sacral  arteries  do  not  arise  from  the  internal  iliac  tmnks. 

In  some  few  instances  the  obturator  artery  arises  from  the  deep  epigastric  artery  in.stead  of 
from  the  internal  iliac  The  condition  is  apparently  due  to  obliteration  of  the  usual  origin  of  the 
obturator  artery  and  to  the  subsequent  enlargement  of  the  anastomosing  pubic  l)ranches  of 
the  obturator  and  deep  epigastric  arteries.  The  course  of  the  abnormal  obturator  artery  is  of 
importance.  From  its  origin  it  descends  into  the  pelvis  on  the  inner  side  of  the  external  iliac 
vein,  and  in  the  majority  of  cases  on  the  outer  side  of  the  crural  ring,  but  in  thi'ee-t^uths  of  the 
cases,  and  more  frequently  in  males  than  in  females,  it  descends  on  the  inner  side  of  the  ring. 

The  obtiuutor  artery  sometimes  gives  oflf  an  accessory  pudic  branch  which  pa^jses  along  the 
side  of  the  prostate,  pierces  the  triangular  ligament,  and  terminates  by  dividing  into  the  artery 
of  the  corpus  cavemosum  and  the  dorsal  artery  of  the  penLs.  When  this  occurs  the  pudic  art^^y 
is  small,  and  it  terminates  in  the  artery  to  the  bidb.  Occasionally  the  accessory  pudic  arises  fi-oni 
the  pudic  artery  in  the  pelvis,  or  from  one  of  the  vesical  arteries. 

The  external  iliac  artery  may  be  much  smaller  than  usual,  especially  if  the  sciatic  artery 
persistB  as  the  main  vessel  of  the  lower  limb.  It  may  give  off  two  deep  circumflex  iliac  branches, 
a  dorsal  artery  of  the  penis,  an  internal  circumflex  artery  of  the  thigh,  or  a  vas  aberi-an.s,  and  its 
deep  circumflex  iliac  and  deep  epigastric  branches  may  arise  at  higher  or  lower  levels  than  usual 

The  Arteries  of  the  Lower  Limb. 

The  femoral  artery  is  small,  and  ends  in  the  pi-ofiinda  and  cii-cumflex  braiu  lies,  when  the 
sciatic  artery  forms  the  princii>al  vessel  of  the  lower  limb.  The  profunda  bi-anch,  which  usually 
arises  from  the  outer  side  of  the  femoral  tnmk,  about  one-and-a-half  inches  below  Puuixirt's  liga- 
mcmt,  may  commence  at  a  higher  or  a  lower  level,  and  from  the  back  or  the  innur  side  of  the 
femoral  trunk.  Absence  of  the  profunda  has  l)een  noted,  and  in  these  cases  the  bmnclu^s  usually 
given  off  by  it  spring  directly  from  the  femoral  artery. 

The  femoral  artery  may  be  double  for  a  portion  of  its  extent,  or  it  may  be  joiuetl  by  a  vas 
aberrans  given  off  from  the  extc^mal  iliac  artery.  In  addition  to  its  ordinary  branches,  it  may 
furnish  one  or  both  of  the  circumflex  arteries  of  the  thigli,  and  sometimes  it  gives  ott\  near  the 
ori^n  of  the  profunda,  a  great  saphenuus  artery,  such  as  exists  normally  in  many  mammaLs. 
This  vessel  descends  through  Scarpa's  triangle  and  Hunter's  canal,  and  accom})anie.s  the  internal 
saphenous  nerve  to  the  inner  side  of  the  foot. 

The  deep  circumflex  iliac,  the  obturator,  and  the  deep  epigastric  arteries  are  occ*usionally 
given  off  from  the  femoral. 

The  popliteal  artery  may  exceptionally  form  the  dii-ect  continuation  of  the  sciatic  artery.  It 
sometimes  divides  at  a  higher  or  lower  level  than  usual,  and  the  division  may  be  into  either  two 
or  three  branches ;  if  three  terminal  branches  are  present,  they  are  the  anterior  and  |»osterior 
tibial  and  the  peroneal  arteries,  and  if  oidy  two,  either  the  anterior  and  posterior  tibial,  or  the 
anterior  tibial  and  the  peroneal  arteries. 

Occasionally  the  artery  is  double  for  a  short  portion  of  its  course,  and  it  has  been  found  tu 
cross  first  behind  the  inner  head  of  the  gastrocneinius  to  the  inner  side  of  the  knee,  and  then  in 
front  of  the  inner  heAd  of  the  gastrocnemius  to  regain  the  popliteal  space.  The  miiiilier  of  it.s 
branches  may  be  reduced,  or  they  may  be  increased  by  the  addition  of  a  vas  aberr.iiis  which 
connects  it  with  the  posterior  tibial  artery.  Its  su])erficial  sural  branch  may  eiilaif^'e  U)  torin  a 
well-marked  small  saphenous  artery. 

The  posterior  tibial  artery  may  Ik?  small  or  altogether  alweiit,  its  place  being  taken  bv 
hranches  of  the  i)eroneal  artery  ;  again,  it  may  be  longer  or  shorter  than  usual,  in  confurmity  with 
the  higher  or  lower  division  of  the  popliU?al  trunk.  The  jHU-oneal  artery  is  large  if  either  the 
anti^rior  or  posterior  tibial  arteries  are  small.  The  anterior  terminal  branch  of  the  penmeal  is 
almost  invariably  large  when  the  anterior  tibial  artery  is  small ;  in  some  c<ises,  indeed,  it  rei)hn*es 
the  whole  of  the  dorsalis  i>edis  continuation  of  the  latter  vessel;  in  otIiei"s,  however,  only  the 
tarsal  and  metatarsal  branches  are  so  reidacwL  The  i>eruneal  sometimes  arises  ironi  a  stem 
coiumon  to  it  and  the  anterior  tibial  artery. 

The  anterior  tibial  artery  may  be  absent,  its  plac;e  being  taken  by  branches  of  t  he  }Kxsterior 
tibial  and  peroneal  arterie^i.  It  is  longer  than  normal  when  the  ooplitijal  artery  divides  at  a 
higher  level  than  usual,  and  in  these  cases  it  may  pass  either  behind  or  in  fi-ont  of  the  ]>o])liteus 
muscle.  Occasionally  the  anterior  tibial  artery  and  its  doi-salis  jxidis  continuation  are  larger 
than  normal,  and  the  terminal  i>art  of  the  dorsalis  pi^is  takes  the  i>lace,  more  or  less  completely, 
of  the  external  plantar  artery. 

The  internal  plantar  artery  is  sometimes  very  small,  and  it  may  be  absent  \  iXA  y^An^  vs 
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taken  by  branches  of  tlie  dorsal  is  pedis  or  external  plantar  arteriefi.     The  eztemal  plantu 
axtery  also  may  be  small  or  alwent,  the  plantar  ai-ch  Ixjing  formed  entirely  by  the  donalis  ji^^ii-- 


ABNORMALITIES  OF  VEINS. 

Abnormalities  or  variations  of  veins  are  as  frequently  met  with  as  tho6e  of  arterieai,  and  ilivj 
are  (hie  to  similar  eauses. 

The  Superior  Vena  Cava. 

The  superior  vena  cava  may  develoj)  on  the  left  side  inst^»ad  of  the  right.  This  pixuHarity 
is  due  to  tlie  i)ei-sisten(e  of  the  left  duct  of  Cuvier  inst^»ad  of  that  on  the  right  side,  and  ii  i- 
asf^ociated  witli  al>sence  of  the  coiTHiary  sinus,  whii'h  is  replacetl  by  the  lower  jMirt  of  the  I-s': 
suj)erior  vena  cava.  An  exceptional  case  is  ivcorded  in  which  the  oi>eiiing  of  the  coronary  sim* 
into  the  heart  was  obliterated,  and  the  canliac  veins  terminated  in  a  trunk  which  }>as.SiHl  upwarJ> 
tu  tlie  left  innominate  vein.  This  trunk  was  obviously  formed  by  enlargement  of  tlie  left  duct  :•: 
Cuvier  and  the  low(!r  i)art  of  the  left  primitive  jugular  vein.  Not  very  unccininujnly,  as  tin? 
result  of  the  i)ersistence  of  both  duct«i  of  Cuvier,  there  are  two  superior  venie  cAvae,  the  transvcisr 
anastomasLs  which  usually  forms  the  left  innominate  vein  being  small  or  eiitindy  aljeenL  In 
thrse  cfises  the  left  innominate  vein  descends  in  the  left  i>art  of  the  superior  ine<]ia»tiuum,cn<!M^ 
tin-  aortic  arch,  is  jointKl  by  the  left  superior  intercostal  vein,  and  Ixn-onies  the  left  sujieri-j: 
vt'ua  ciiva  ;  tliis  latter  vessel  descen<ls  in  Inrnt  of  the  i-oot  of  the  left  lung,  and  terminate:5  m  llir 
lower  and  l)ack  i)art  of  the  right  auricle.  It  ivceives  the  gre^it  c^rdiacr  vein,  and,  turning  lo  tb*. 
back  of  tin"  heart,  re2)laces  the  con>nary  sinus.  Tliis  arrangement  is  normal  in  iiianv  maninuk 
Occ^L^ionally  in  man  the  left  su])erior  vi'ua  cava  terminates  in  the  left  auricle,  and  tLe  ooroiion 
sinus,  which  represents  a  pail  of  the  smus  venosus,  h.'is  been  seen  to  have  a  similar  ending;  UitL 
ihesL'  abnormal  endings  must  be  the  result  of  malj^osition  of  the  int^rauricular  :«i'ptuuL 

The  vena  azygos  major  may  be  formed  on  the  left  side  ;  it  then  arche.s  over  the  root  of  lii-; 
left  lung,  and  terminati's  in  the  h'ft  end  of  the  wronary  siinis.  This  is  the  m>rmal  arraqi^rmrLt 
in  some  mammals,  and  it  is  due  to  the  persistence  of  the  left  cai-dinal  vein  and  the  left  duel"' 
Cuvier. 

The  azygos  veins  niay  be  reductid  or  incivased  in  numl)er.  In  the  former  case  there  may  be 
only  one  azygos  vein  which  receives  the  intercostal  veins  of  Ixnli  sides,  or  tliei-e  may  Ix-  two 
azygu*  veins,  a  right  and  a  left,  the  left  usually  l>eing  divide<i  into  upper  and  lower  s^Tion? 
which  are  roimected  by  a  smaller  intermediate  portion,  and  united  to  the  right  vein  by  unew 
more  t rausvifi-st^  anastonuxsr,-*,  or  it  may  terminate  by  joining  either  the  left  innominate  vt-inur 
tile  h^ft  superior  vena  (viva.  The  small  inti-rnuidiate  section  on  the  left  side  may  form  a  st^j>an»ir 
Ai'ssel,  and  then  the  number  of  the  azygos  veins  is  iucreasetl  to  four,  eiK-h  of  the  three  left  Vfin- 
terminating  in  the  right  v«'in.  Wht?n  there  is  only  one  azygos  vein  the  j>oi"tion  of  the  left 
cardinal  vein,  from  whi<'h,  iLsually,  the  vertical  jwrtions  of  the  left  azygos  vein.**  art*  formed,  bi* 
disapj>eared,  and  the  left  intercostal  veins  oi)en  into  the  right  azygos  vein  by  6e].>arate  traa«>\*»- 
aujistomoses,  jis  in  the  ciise  of  the  h-it  lumbar  veins  and  the  inferior  vena  cava.  On  the  otlirr 
hand,  when  there  is  only  one  left  azygos  vein  the  intermediate  sect  ions  of  the  thoracic  jjart  of  th*- 
left  caiilinal  vein  and  one  or  more  of  the  transvei-se  anastomoses  have  jjersisted,  whilst,  when  tht 
left  azygos  terminates  in  the  left  innominate  vein,  the  transverse  anastomose:}  have  disapi)earvi 
and  tlie  lower  i>art  of  the  left  primitive  jugular  vein  has  i-eniaintxl  patent 

Occa'fionally  the  vena  azygos  major  takes  the  place  of  the  upjier  part  of  the  inferior  vnia 
•  ava,  and  the  whole  of  the  left  cardinal  vein  is  eidarged  ;  in  th<j8e  cases  the  upper  jxjrtion  of  ibr 
luunial  inferior  vena  cava  is  al>sent  or  exceptionally  small. 

The  internal  jugnlar  vein  is  sometimes  smaller  or  lai'ger  than  normal.  In  either  casi-  tvm- 
l)ensatory  changes  in  size  occur  in  the  lateral  sinus  and  internal  jugular  vein  of  the  opposite 
side,  or  in  the  external  and  anterior  jugular  veins  of  the  same  side. 

The  external  jugular  vein  is  sometime-s  al)sent,  or  it  mav  l>e  smaller  than  usual ;  in  Ivtli 
cases  either  the  anterior  or  internal  jugular  veins  are  enlar^l.  In  some  of  the  cases  in  which 
the  external  jugular  vein  is  small  it  receives  no  communication  from  the  temix>ro-maxiIlarT 
vein,  but  is  mei-ely  the  continuation  of  the  i)osterior  auricular  vein.  On  the  other  hand,  it  uiav 
be  enlarged,  an<l  receive  the  whole  of  the  temporo-maxillary  vein. 

The  anterior  jugular  vein  may  be  al»sent,  or  it  maylx*  unusually  large,  esjn-cially  in  thr 
lower  jMirt  of  its  extent,  and  after  it  luis  rec^-ived  an  oirasional  tributary  from  the  c^juimon  facial 
vein. 

The  temporo-maxillary  vein  may  terminate  entirely  in  the  common  facial  v«dn,  or  iu  thr 
external  or  th«.-  internal  jugular  vein.     It  may  In*  very  small,  and  otr^isionally  it  is  al«^»nL 

Variations  of  the  cranial  blood  sinuses  are  not  numerous.  One  lateral  sinus  may  W 
alist'ut  or  v«-ry  small  when,  as  a  rule,  that  of  the  opjKXsite  side  is  enbirged.  The  inferior  loniri- 
tudinal,  tht-  o(t<ipital,  or  the  s])heno-i)arietal  sinuses  may  be  aljsent,  and  there  may  1h*  an  additiiffi'il 
lieti-o-squamous  tributary  to  the  lateral  sinus.  The  iK'tro-s<piainoii8  sinus,  when  prt-seut,  i?  thi 
leiiiaiiis  of  that  portitju  of  the  j^rimitive  lat^^ral  siniLs  which  ci-ossed  the  tem]K>ral  bone,  pas^-td 
t hrough  till-  iKjst -condyloid  foramen  and  terminate<l  in  the  ])rimitive  jugular  vein.  Very  occ*?if»ii- 
ally  ill  the  human  a(hilt  it  still  pierces  the  skull  l.>ehind  the  condyle  of  the  jaw,  and  teriuiu4t«* 
///  till'  fom]>oro-maxillary  vein,  '.vivd  V\\\>».  \s  tUvi  uovmal  arrangement  in  some  mammaK 
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The  Veins  of  the  Upper  Extremity. 

The  superficial  veixis  of  the  forearm  are  extremely  variable ;  any  of  them  may  1)e  aliment, 
but  most  commonly  it  is  the  median  or  the  radial  vein  which  is  wanting.  The  median  cephalic 
and  the  cephalic  veins  may  be  small  or  absent,  and  on  the  other  hand  the  cephalic  vein  may  W 
larger  than  usual  Moreover  the  cephalic  vein  may  end  in  the  external  jugular  vein,  its  original 
termination ;  or  it  may  be  connectea  with  the  external  jugular  vein  by  an  anastoinueing  channel 
which  sometimes  passes  over  the  clavicle  and  sometimes  through  that  bone. 

The  basilic  vem  is  sometimes  larger  and  sometimes  smaller  than  usual,  and  it  may  pierce  the 
fiiscia  of  the  arm  at  a  higher  or  at  a  lower  level  than  is  customary. 

The  venSB  comites  of  the  arteries  of  the  upper  extremity  generally  terminate  at  the  lower 
border  of  the  subscapularis,  where  they  join  the  axillary  vein,  but  they  may  end  alx)ve  or  ImjIow 
the  position  of  their  usual  termination. 

The  snbdaTian  vein  sometimes  passes  behind  instead  of  in  front  of  the  scalenus  anticus 
muscle,  and  it  has  been  seen  passing  between  the  clavicle  and  the  subclavius  muscle. 

The  Inferior  Vena  Cava. 

Tlie  lower  part  of  the  inferior  vena  cava  is  sometimes  al)sent,  in  which  case  the  common  iliac 
veins  ascend,  one  on  the  right  and  the  other  on  the  left  of  the  aorta,  to  the  level  of  the  second 
lumbar  vertebra,  where  the  left  common  iliac  vein  receives  the  left  renal  vein,  and  then  crosses  in 
front  of  or  behind  the  aorta  to  fuse  with  the  riglit  corresponding  vein  ;  in  these  cases,  therefore,  the 
inferior  vena  cava  commences  at  the  level  of  the  second  lumliar  vertebra,  and  it  represents  only 
the  upper  and  last-formed  part  of  the  ordinary  vessel ;  the  common  iliac  veins,  each  of  which 
receives  the  lumbar  veins  of  its  own  side,  are  exceptionally  long,  and  they  may  or  may  not  l>e 
onited  at  the  pelvic  brim  by  a  small  transverse  anastomosing  channel 

Occasionally  the  inferior  vena  cava  does  not  terminate  in  the  right  auricle,  but  is  continuous 
with  the  vena  azy^  major,  which  is  much  enlai^ed,  all  the  inferior  caval  blood  being  then 
carried  to  the  superior  vena  cava.  In  these  cases  the  hepatic  veins  open  directly  into  the  right 
auricle  without  communicating  with  the  inferior  vena  cava. 

The  lower  part  of  the  inferior  vena  cava  sometimes  lies  to  the  left  instead  of  to  the  right  of 
the  aorta ;  this  condition  is  associated  with  a  long  right  common  iliac  vein,  which  crosj^es  obliquely 
from  right  to  left  to  join  the  shorter  left  common  iliac  vein.  After  receiving  the  left  runal  vt^m 
the  misplaced  inferior  vena  cava  crosses  in  front  of  the  aorta,  reaching  the  right  side  at  the  level  of 
the  second  or  first  lumbar  vert-ebra.  In  other  cases,  however,  the  left  inferior  vena  cava  continues 
upwards  through  the  left  crus  of  the  diaphragm,  usuri)ing  tlie  j)lac^  of  a  greater  or  smaller  part 
of  the  left  azygos  vein  ;  having  entered  the  thorax,  it  may  cross  to  the  oj)posite  side  and  terminate 
in  the  vena  azygos  major,  or  it  may  continue  upwards  on  the  same  side,  and  after  arching  over 
the  root  of  the  left  lung,  descend  behind  the  left  auricle,  to  ter^^inate  in  the  right  auricle  in  the 
situation  of  the  coronary  sinus.  In  this  gnmp  of  cases  also  the  hepatic  veins  open  separately  into 
the  right  auricle. 

Tlie  tributaries  of  the  inferior  vena  cava  are  also  subject  to  variation.  Additional  renal, 
spermatic,  ovarian,  or  suprarenal  veins  may  be  present  Two  or  three  lumljar  veins  of  one  or 
both  sides  may  unite  into  a  common  trunk  which  terminates  in  the  inferior  vena  cava,  and  the 
hepatic  veins  may  open  separately,  or  after  fusing  into  a  common  trunk,  into  the  right  auricle 
near  the  opening  of  the  inferior  vena  cava. 

No  explanation  of  the  variations  of  the  inferior  vena  cava  and  its  tributaries  is  necessjiry, 
lieyond  the  statement  that  they  are  due  to  persistence  of  portions  of  the  canlinal  veins  wlii(rh 
usually  disappear,  and  to  the  persistence  of  transverse  anastomoses  and  tributaries  which  usually 
atrophy,  or  to  modifications  of  those  which  ordinarily  take  jMirt  in  the  formation  of  the 
inferior  vena  caval  system. 

The  left  common  iliac  vein  is  short  and  the  right  long  when  the  inferior  vtma  cava  lies  on 
the  left  side.  The  common  iliac  veins  may  be  absent,  the  internal  iliac  veins  uniting  to  form  the 
commencement  of  the  inferior  vena  cava,  into  which  the  external  iliac  veins  oinai  as  lateral 
tributaries. 

The  Veins  of  the  Lower  Extremity. 

The  long  saphenous  vein  is  not  subject  to  much  variation,  but  the  short  saphenous  vein 
may  terminate  by  joining  the  long  saphenous,  or,  after  piercing  the  deep  fascia  in  the  lower  imrt 
of  the  thigh,  it  may  ascend  and  join  the  sciatic  vein  or  one  of  the  tributaries  of  the  profunda 
veiu. 

Tlie  vens  comites  are  generally  described  as  t<?rminating  in  the  lower  extremity,  at  the 
lower  part  of  the  popliteal  space,  but  they  may  ascend  as  far  as  Scarpa's  triangle ;  as  a  matter 
of  fact,  although  as  a  rule  there  is  only  one  largu  poi)liteal  and  one  large  femoral  vein,  one  or 
more  small  additional  veins  usually  accompany  the  popliteal  and  femoral  artt-ries. 

In  a  few  cases  the  popliteal  vein  d(His  not  pienie  the  lower  jwirt  of  the  abductor  magnus,  but 
acicends  behind  that  muscle  and  l)ecoines  continuous  with  the  profunda  vein,  the  femoral  artery 
being  unaa-ompanied  by  any  large  veiu  during  its  paswige  through  Hunter's  canal. 

ABNORMALITIES   OF   THE  LYMPHATICS. 

Variations  of  the  glands  and  smaller  vessels  of  the  lymphatic  system  are  so  common  that 
they  can  hardly  be  regarded  as  abnormalities ;  variations  of  the  laiger  vessels,  ho^r^v^Y^  ^xfc 
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ooinparativi^l y  rare.     This  is  eHpecially  the  case  with  respect  to  the  two  terminal  trunks,  the  ibctncic 
duct  and  tlie  right  lym]>hatic  duct,  the  abnormalities  of  which  are  interesting  and  iiuportaut 

When  the  arch  of  the  aorta  is  on  the  right  instead  of  on  the  left  side,  the  thoracic  duct 
usually  terminates  in  the  right  innominate  vein,  in  which  case  it  receives  the  tributaries  whicli 
iLsually  open  into  the  right  lymphatic  duct,  whilst  the  corresponding  area  on  the  left  ?ide  l- 
drained  by  lymphatics  terminating  in  a  left  lymphatic  duct  which  opens  into  the  commence m»-L: 
of  the  left  innominate  vein.  A  similar  arrangement  of  the  terminal  lymphatic  tninks  sometinit:> 
occurs  even  wlicn  the  arch  of  the  aorta  is  in  its  normal  position  on  the  left  side.  In  either  cist 
the  thoracic  duct  may  commence  in  the  usual  way,  and  after  reaching  the  level  of  the  fifth  don^al 
vertebra  continue  upwards  on  the  right  side,  instead  of  crossing  to  the  left  side,  of  the  verteV»nil 
column  ;  more  rarely  it  commences  on  the  left  side  and  crosses  over  to  the  right  at  a  higher  level 

In  one  case  in  which  the  thoracic  duct  opened  into  the  right  innominate  vein,  instead  of  ih*- 
left,  no  trace  of  a  lymphatic  duct  was  discoverexi  on  the  left  side. 

Occasionally  the  thoracic  duct  commences  and  terminates  in  the  usual  manner,  but  crosses  thr 
vcrtpl>ral  column  immediately  after  its  origin  and  ascends  on  the  left  side. 

Not  uncommonly  there  is  no  distinct  receptaculum  chyli,  in  which  case  tlie  terminal 
lympliatic  vessels  of  the  abdomen  merely  unite  to  form  a  larger  vessel  which  does  not  prwHit 
any  obvious  dilatiition,  and  from  which  the  thoracic  duct  is  continued.  The  terminal  lymphatic 
trunk  may  open  into  the  internal  jugular  vein  previous  to  its  junction  with  the  subclavian, 
instead  of  into  the  commencement  of  the  innominate  vein. 

Occasionally  the  thoracic  duct  is  double,  either  on  the  whole  or  in  part  of  its  extent,  and 
sometimes  it  breaks  up  into  a  plexus  of  vessels  which  may  reunite  into  a  single  trunk  in  th* 
upper  part  of  the  thorax.  Both  the  thoracic  duct  and  the  right  lymphatic  duct  may  befcif 
terminating  divide  into  branches  which,  though  sometimes  reuniting  on  each  side  into  a  dngk 
trunk,  not  infrequently  open  separately  into  the  great  veins  at  the  root  of  the  neck. 

As  a  rule  the  thoracic  duct  joins  the  commencement  of  the  left  innominate  vein,  but  it  mar 
end  in  the  internal  jugular,  vertebral,  or  subclavian  veins  of  the  left  side  ;  whilst  veiy  rarely,  it 
opens  into  the  vena  azygos  major. 


THE   RESPIRATORY  SYSTEM. 

THE  ORGANS  OF  RESPIRATION  AND  VOICE 
By  D.  J.  Cunningham. 

'he  organs  of  respiration  are  the  larynx  and  trachea,  which  together  constitute  a 
ledian  air-passage ;  the  two  bronchi  or  branches  into  which  the  lower  end  of  the 
rachea  divides;  and  the  two  lungs  to  which  the  bronchi  conduct  the  air.  In 
onnexion  with  the  lungs  we  have  likewise  to  consider  the  pleural  membranes — 
wo  serous  sacs  which  line  the  portions  of  the  thoracic  cavity  which  contain  the 
mgs,  and  at  the  same  time  give  a  thin  coating  to  these  organs. 

The  larynx  opens  above  into  the  lower  part  of  the  pharynx,  and  the  air  which 
asses  in  and  out  from  the  air-passages  likewise  traverses  the  pharynx,  the  nasal 
>88se,  and  also  the  buccal  cavity  if  the  mouth  is  open.  This  connexion  between 
he  digestive  and  respiratory  systems  is  explained  by  the  fact  that  the  respiratory 
pparatus  is  secondarily  developed  as  an  outgrowth  from  the  front  aspect  of  the 
rimitive  fore-gut  of  the  embryo.  In  most  mammals  the  upper  aperture  of  the 
irynx  opens  into  the  part  of  the  pharynx  which  lies  behind  the  nasal  chambers, 
n  man,  however,  the  upper  opening  of  the  larynx  is  placed  lower  down,  below  the 
ommunication  between  the  mouth  and  pharynx,  and  both  nasal  and  buccal 
reathing  may  be  carried  on  with  very  nearly  equal  ease. 

THE  LARYNX  OR  ORGAN  OF  VOICE. 

The  larynx  is  the  upper  part  of  the  air-ptissage,  specially  modified  for  the  pro- 
uction  of  the  voice.  Above,  it  opens  into  the  pharynx,  whilst  below,  its  cavity 
becomes  continuous  with  the  lumen  of  the  trachea  or  windpipe. 

Position  and  Relations  of  the  Larjrnx. — In  the  natural  position  of  the  neck, 
nd  whilst  the  organ  is  at  rest,  the  larynx  is  placed  in  front  of  the  bodies  of  the 
Durth,  fifth,  and  sixth  cervical  vertebrae.  Its  highest  point,  represented  by  the 
ip  of  the  epiglottis,  reaches  as  high  as  the  lower  border  of  the  body  of  the  third 
ervical  vertebra,  whilst  its  lower  limit,  or  the  lower  border  of  the  cricoid  cartilage 
sually  corresponds  to  the  lower  border  of  the  body  of  the  sixth  cervical  vertebra, 
•"rem  the  vertebral  column  the  larynx  is  separated,  not  only  by  the  prevertebral 
Quscles  and  prevertebral  layer  of  cervical  fascia,  but  also  by  the  posterior  wall 
f  the  pharynx — indeed  the  posterior  surfjtce  of  the  larynx  forms  the  lower  part  of 
he  anterior  wall  of  the  pharynx,  and  is  covered  by  the  lining  mucous  niuml)rane 
f  that  section  of  the  alimentary  canal. 

The  larynx  lies  below  the  hyoid  bone  and  the  tongue,  and  in  the  interval 
etween  the  great  vessels  of  the  neck.  It  forms  a  more  or  less  marked  projection 
n  the  front  of  the  neck,  and  in  the  median  line  it  approaches  very  close  to  the 
urface,  being  merely  covered  by  skin  and  the  two  layers  of  fascia.  Laterally  it  is 
lore  deeply  placed.  Thus  it  is  overlapped  by  the  stemo-mastoid  muscle,  covered 
•y  the  two  strata  of  thin  ribbon-like  muscles  which  are  attached  to  the  thyroid 
artilage  and  the  hyoid  bone,  and  hidden  to  some  extent  by  the  upward  prolonga- 
ions^of  the  lateral  lobes  of  the  thyroid  body. 

The  position  of  the  laniyx  is  influenced  by  movements  of  the  head  and  neck.  Thus 
;  is  elevated  when  the  head  is  thrown  back,  and  depressed  when  the  chin  is  carried 
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(lowmvards  towards  the  chest.  Again,  if  the  finger  is  placed  upon  it  during  deglutition,  :i 
will  bo  seen  that  tlie  larynx  moves  to  a  very  considerable  extent.  The  pharyngeal  muscl-rs 
attached  to  it,  and  more  especially  the  stylo-pharyngeal  muscles,  are  chietty  rcspoiwiMe 
for  bringing  jibont  these  movements.  During  singing,  changes  in  the  [K>sition  of  ll.»: 
larynx  may  also  be  noted,  a  high  note  being  accompmied  by  a  slight  elevation,  and  a  low 
note  by  a  slight  depression  of  the  organ. 

'I'he  ])osition  of  the  larynx  is  not  the  same  at  all  periods  of  dcvelopnieut  and  gm^th. 
In  the  f(etus,  shortly  before  birth,  it  lies  much  liigher  up  in  the  neck.  Thus  its  Icnvr 
border  corresj)onds  to  the  lower  border  of  the  fourth  cervical  verteV^ra.  Its  pennantiit 
j)osition  is  not  reached  until  the  ])eri()d  of  puberty  is  attained  (Symington).  This  descL-ni 
of  tlie  larynx  has  been  stated  to  be  due  to  the  mpid  and  striking  growth  of  the  facial  pan 
of  the  skull  which  lies  above  it  (Symington).  It  is  ver}'  donbtful,  however,  if  the  fucia. 
growth  has  any  influence  in  this  direction.  In  the  anthroi>oid  ape,  in  whicli  the  face  ivTin* 
a  much  greater  ])art  of  the  skull  than  in  man,  and  in  wliich,  in  the  tninsiiion  fnun  tk 
infantile  to  the  adult  condition,  the  facial  growth  is  even  more  striking  than  it  is  in  ma:i. 
the  larynx  occupies  a  relatively  higher  jK)sition  in  the  neck.  In  tlie  early  stages  d 
growth  all  the  thoracic  visceni  un<lergo  «a  gradual  suV^sidcnce.  The  larynx  in  its  dcsceut 
follows  these.  Indeed  it  cannot  do  otherwise,  seeing  that  the  bifurcation  of  the  tru-k* 
between  infancy  and  puberty  moves  downwards  more  than  the  depth  of  one  thoracic 
vertebra. 

General  Construction  of  the  Larynx. — ^The  wall  of  the  Lirynx  is  const ructwi 
upon  a  somewhat  (.'(implicated  plan.  There  is  a  frame- work  compo.sed  of  several 
cartilages.  These  are  connected  together  at  certain  points  by  distinct  joints  anJ 
also  by  elastic  membranes.  Two  elastic  cords,  which  stretch  in  an  auteru-jiosterior 
direction  from  the  front  t(^  the  back  wall  of  the  larynx,  form  the  ground-work  uf 
the,  true  vocal  conls.  Numerous  muscles  are  likewise  present.  These  operate 
upon  tlie  curtilaj^es  of  the  larynx,  and  thereby  not  only  bring  about  changes  iu 
the  relative  position  of  the  true  vocal  cords,  but  also  produce  different  degn-es  uf 
tension  of  these  cords.  The  cavity  of  the  larynx  is  lined  with  mucous  meuihrane, 
under  which,  in  certain  localities,  are  collected  masses  of  mucous  glands. 

OAllTILAGlvS  OF  THE  LARYNX. 

There  are  three  single  cartilagtjs  and  three  pairs  of  cartilages  entering  into  the 
construction  of  the  laryngeal  wall.     They  are  named  as  follows: — 

mi   ...  1  /Arytenoid. 

Sinjile  cartilages  -  CM '  Paired  cartilages  )  Coniicnla  laryngis,  or  the 
Epiglottis.  "  «irt.lage8ofS,iut«nn.. 

^  *^  \  Cuneiform  cartilages. 

Thyroid  Cartilage  (cartilago  thyreoidea). — The  thyroid  cartilage,  tlie  largwt 
of  the  laryngeal  cartilages,  is  formed  of  two  quadrilateral  plates  termed  the  als, 
which  meet  in  front  at  an  angle,  and  become  fuse;!  along  the  mesial  plane.  Behind, 
the  a  he  diverge  from  ench  other,  and  enclose  a  wide  angular  s^iace  which  is  ojfU 
]»ehi nd.  The  (niter lor  hordcrs  of  the  ahe  are  only  fused  in  their  lower  parts.  Aiove 
they  are  separji.t«^d  by  a  deej),  narrow  V-shaped  me<lian  notch,  called  tht?  indsnn 
thyroidea.  In  the  a<lult  male  the  angle  formed  by  the  meeting  of  the  anterior 
borders  of  the  two  alie,  especially  in  its  up]»er  part,  is  very  projecting,  and  with  the 
margins  of  the  thyroid  notch,  which  lies  abrjve,  constitutes  a  marked  sulicutaneous 
])rominenc.e  in  the  neck,  which  receives  the  name  of  the  pomnm  Adami. 

The  i\\\\i\i'  \\\\\k\\  is  foriiu-d  hy  the  nn-eting  of  the  two  alae  of  the  tlivx'oid  cartilage  vari*-.-  t-.i 
ponic  cxtiMit  in  dinVn-nt  individuals  nf  the  siime  st-x,  and  shows  marked  difFei-eTnvs  in  iIk  tv- 
pi'Xi\s  and  at  (httiTcnt  pciicKl.";  of  lile.  In  tin*  ;wlnlt  umV'  the  avora^e  angle  is  said  t(>  h<-  90":  in 
tlir  adult  fiiiiali'  it  is  120  ;  wliilst  iu  the  infant  the  ahie  meet  in  the  form  of  a  geutle  nine 
convex  tn  tilt!  iiunt. 

The  jto^frrior  harder  of  each  ala  of  the  thyroid  cartilage  is  tliick  and  n>niuleJ. 
and  is  ]»rolonged  bpyond  the  ftU]»erior  and  inferior  borders  in  the  form  of  two  sloiuk-r 
cylindrical  ]>r()Ct'sses,  termed  c;ornna.  The  superior  coma  is  longer  than  the  inferi'T 
cornn.  It  is  directed  upwards,  with  a  slight  inclination  inwanls  and  iMickwanls. 
iim\  it  ends  in  a  roundeil  extremity,  which  is  joined  to  the  tip  of  the  great  cornu  of 
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bone  by  the  lateral  thyro-hyoid  ligament.     The  inferior  coma  is  shorter 

/Cr  than  the  superior  cornu.     As  it  proceeds  downwards  it  curves  slightly 

ind  upon  the  inner  face  of  Hyoid  bone     Epiglottis 

iiity  it  shows  a  circular  flat 

means  of  which  it  articulates 

imilar  iacet  on  the  lateral 
the  cricoid  cartilage.     The 

border  of  the  ala  is  for  the 

•t   slightly  convex,  and   in 

ips  suddenly  down  to  become 

IS  with  the  margin  of  the 

lotch.     Posteriorly,  w^here  it 
superior  cornu,  it  exhibits 

'  notch  or  concavity.     The 

hrd^r  is  to  all  intents  and 

hdrizontal,  but  it  is  marked 

rejection,  termed  the  inferior 

into  a  short  posterior  part, 

ows  a  shallow  concavity  in 
the  inferior  cornu,  and   a 

rt  which  lies  in  front  of  the 

which  is  also  concave,  but  to 

gree.     The  external  surface 

is  divided  into  two  unequal 
an   oblique    line  or  ridge. 

I>egin8  above  at  the  superior 

a  prominence  situated  im- 

'  })elow  the  superior  border,  and  a  short  distance  in  front  of  the  root  of 

ior  cornu.     From  this  the  oblique  line  proceeds  downwards  and  forwards, 

feriorly  in  the  inferior  tubercle  on  the  lower  border  of  the  ala.     The  area 

«  behind  the  oblique  line  is  much  smaller  than  that  which  lies  in  front. 

It  is  covered  by  the  inferior  constrictor  muscle 
of  the  pharynx.  The  larger  anterior  area  is  for 
the  most  part  covered  by  the  thyro-hyoid 
muscle.  To  the  oblique  line  are  attached  *the 
sterno-thyroid  and  thyro-hyoid  muscles.  The 
inner  surface  of  the  ala  of  the  thyroid  cartilage 
is  smooth  and  slightly  concave. 

Cricoid  Cartilage  (cartilage  cricoidea). — 
The  cricoid  cartilage  is  shaped  like  a  signet- 
ring.     Hehind,  there  is  a  broad,  thick  plate 

A*  Atub^rciHoii      somewliat  quadrilateral  in  form  and  termed 

r "w^ih-nM^        ^^®  posterior  lamina ;  whilst  in  front  and  later- 

'  ->i#  onrtiinr».»         ally,  Uic  circumfercnct^  of  the  ring  is  com- 

pleted by  a  curved  band,  called  the  anterior 
arch.  The  lumen  of  the  ring  enclosed  by 
thase  parts  is  circular  below,  but  above  the 
ring  is  compressed  latt* rally,  so  that  the  lumen 
l)ecomes  elliptictil.  The  superior  border  of 
the  posterior  lamina  presents  a  faintly-marked 
median  notch.  On  either  side  of  this  there  is 
an  oval  convex  facet  which  looks  more  out- 
wards than  upwards,  and  which  articulates 
with  the  base  of  the  arytenoid  cartilage.     The 

Profile  View  of  the  Cautilaoks  postiM'ior  surface  of  the  lamina  is  divided  by 

Ligaments  ok  the  Larynx.  an  elevated  median  ridge  into  two  depressed 

areas  which  give  attachment  to  the  posterior 

«noid  muscles.     The  front  ^mrt  of  the  anterior  arch  of  the  cricoid  is  in 

of  a  narrow  band,  but  as  it  proceeds  backwards  towards  the  ^jo«t^tvQ\ 
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liiiiiiiiii  its  supi^rior  l>orJer  rises  rapidly,  and  iu  consequence  the  arch  becomes  mud 
l»ruader.  Th(^  inferior  border  of  the  cricoid  is  nearly  horizontal,  although  ii 
frequently  presents  a  median  projection  in  front,  and  a  lateral  projection  on 
either  side.  It  is  joined  to  tlie  first  rin^^  of  the  trachea  by  an  intervening  elastic 
membrane.  On  I  ho  imter  surface  of  tlie  cricoid  cartilage,  at  the  place  where  the 
anterior  arch  joins  tlie  posterior  lamina,  a  vertical  ridge  descends  from  th^ 
arytenoid  articular  facet.  On  this,  a  short  distance  from  the  lower  border  of  the 
cartilage,  a  promint^nt  circular  articular  facet  is  visible  for  articulation  with  the 
inferior  cornu  of  the  thyroid  cartilage  (Fig.  683,  j).  963).  The  inner  surface  oi 
the  cricoid  cartilage  is  smooth,  and  is  lined  l)y  mucous  membrane. 

The  narrow  band-like  part  of  the  anterior  arch  of  the  cricoid  cartilage  lies 
l>elow  the  lr)wer  bonier  of  the  thyroid  cartilage,  whilst  the  pcisterior  lamina  is 
received  into  the  interval  between  the  i>o8tcrior  ]X)rtion8  of  the  ahe  of  the  thjToid 
cartiLiye. 

Arytenoid  Cartilages  (cartilaginc^s  aryta?noide{e). — The  arytenoid  cartilages  art 
placed  out*  on  either  side  of  the  mesial  plane,  and  rest  up<m  the  upper  border  of  the 

posterior  lamina  of  the  cricoid 
cartilage,  in  the  interval  t^tveen 
the  posterior  portions  of  the  ala*  of 
the  thyroid  cartilage.  They  pre- 
sent a  somewhat  pyramidal' fonn. 
The  pointed  apex  or  summit  of  each 
is  directed  upwards,  and  at  thcsime 
timecurves  Ijackwards  and  inwards 
It  supports  thecorniculumlaiyngist 
Of  the  three  surfaces,  one  look 
directly  inwards  towards  the  cor- 
responding surface  of  the  oppodie 
cartilage,  from  which  it  is  separated 
by  a  narrow  interval ;  another  looks 
backwanls;  whilst  the  third  is 
directeii  outwards  and  forwards. 
The  internal  surfctce,  which  is  the 
smallest  of  the  three,  is  triangular 
in  outline.  It  is  narrow,  vertical 
and  even,  and  is  clothed  by  the 
lining  mucous  membrane  of  the 
larynx.  The  j)08terior  surface  ii 
smooth  and  concave  from  above 
downwards;  it  lodges  and  gives 
attachment  to  the  arytenoi^eu> 
trans\'er8U8  muscle.  The  anterv- 
rxternal  surface  is  the  most  exten- 
sive of  the  three  (Fig.  083,  p.  963.. 
Its  miildle  ]»art  is  marked  by  a  dee]»  depression  in  which  is  lodged  a  mass  of 
mucous  glands.  U])oti  this  surface  uf  the  arytt^noiil  cartiLige  the  jiowerful  thjTV- 
arytenoid  muscle  is  inserted,  whilst  a  small  tul)ercle  a  short  distance  above  the 
base  gives  attachment  to  the  superior  thyro-arvtenoid  ligament — the  feeble  sup- 
porting liuanient  of  tlu^  false  vocal  cord.  The  tliree  suri'aces  of  the  arytenoi-i 
(cartilage  are  separatt^d  from  each  other  by  an  anterior,  a  posterior,  and  an  external 
border.  The  txtr.rnal  honlrr  is  tiie  longest,  and  it  pursues,  as  it  is  traced  from  the 
a]K*x  to  tlie  base,  a  sinuous  course.  Keaching  the  })a8e  of  the  cartilage,  it  is  i>n>- 
longed  outwards  and  b:ick wards  in  the  form  of  a  stout  prominent  angle  or  proces. 
termed  the  processus  muscularis.  Into  the  front  of  this  process  is  inserted  the  cric<v 
arytenoiileus  lateralis  mus(?K^ :  wiiilst  into  its  posterior  as^iect  the  crico-arj'tenoideus 
))ostieus  muscle  is  inserted.  A  small  nodule  of  yellow  elastic  cartilagi*,  called 
I  he  sesamoid  cartilage,  is  fre^puMitly  found  on  the  external  border  of  the  arytenoid 
••artilage,  where  it  is  held  in  position  by  the  investing  |ierichondriuni.  The 
'interior  Imrdcr  (»f  lht»  arytenoid  is  vertical,  and  at  the  l)ase  of  the  cartilage  i" 
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irolonged  horizontally  forwards  into  a  small  sharp-pointed  process  called  the  processus 
^ocalis.  It  receives  this  name  because  it  gives  attachment  to  the  inferior  thyro- 
arytenoid ligament  or  supporting  band  of  the  true  vocal  cord.  The  base  of  the 
.rytenoid  cartilage  presents  on  its  under  surface,  and  more  particularly  on  the 
mder  surface  of  the  processus  muscularis,  an  elongated  concave  facet  for  articulation 
nth  the  upper  border  of  the  posterior  lamina  of  the  cricoid  cartilage. 

Cartilages  of  Santorini  (cartilagines  corniculatse). — The  cartilages  of  Santoriiii, 
•r  tlie  cornicula  laryngis,  are  two  minute  conical  nodules  of  yellow  elastic[cartilage 
rhich  surmount  the  apices  of  the  arytenoids,  and  prolong  the  upper  curved  ends  of 
hese  cartilages  in  a  backward  and  inward  direction.  Each  cartilage  of  Santorini 
9  enclosed  within  the  posterior  part  of  the  corresponding  aryteno-epiglottidean 
old  of  mucous  membrane. 

Onneiform  Cartilages  (cartilagines  cuneiformes). — The  cuneiform  cartilages 
xe  not  invariably  present  They  are  two  minute  rod-shaped  pieces  of  yellow 
lastic  cartilage,  each  of  which  occupies  a  place  in  the  corresponding  aryteno- 
piglottidean  fold  of  mucous  membrane  immediately  in  front  of  the  arytenoid 
artilage  and  the  cartilage  of  SantorinL  On  the  superficial  surface  of  each  a 
ollection  of  mucous  glands  is  present,  and  this  tends  to  make  the  cartilage  stand 
ut  in  relief  under  the  mucous  membrana 

Epiglottidean  Cartilage  (cartilage  epiglottica). — The  epiglottis  is  supported 
y  a  thin  leaf-Hke  lamina  of  yellow  fibro-cartUage  which  is  placed  behind  the 
oot  of  the  tongue  and  the  body  of  the  hyoid  bone,  and  in  front  of  the  superior 
.perture  of  the  larynx.  When  divested  of  the  mucous  membrane,  which  covers  it 
lehind  and  also  to  some  extent  in  front,  the  epiglottidean  cartilage  is  seen  to 
^resent  the  outline  of  a  bicycle-saddle,  and  to  be  indented  by  pits  and  pierced  by 
numerous  perforations.  In  the  former,  glands  are  lodged,  whilst  through  the  latter, 
»Iood-vessels  and  in  some  cases  nerves  pass.  The  broad  end  of  the  cartilage  is 
Lirected  upwards,  and  is  free.  Its  margins  are,  to  a  large  extent,  enclosed  within  the 
jryteno-epiglottidean  folds  of  mucous  membrane.  The  anterior  surface  is  only  free 
D  its  upper  part.  This  part  is  covered  with  mucous  membratne,  and  looks  towards 
>he  pharyngeal  part  of  the  tongue.  The  posterior  surface  is  covered  throughout  its 
vbole  extent  by  the  lining  mucous  membrane  of  the  laryngeal  cavity.  The  lower 
minted  extremity  of  the  cartilage  is  carried  downwtirds  in  the  form  of  a  strong 
ibrous  band,  termed  the  thyro-epiglottidean  ligament. 

Ossification  of  the  Cartilages  of  the   Larjmx.— The  thyroid  and  cricoid 

artilages  and  the  greater  part  of  the  arytenoid  cartilages  are  couiposed  of  the  liyaline 
uriety  of  curtilage.  The  apical  parts,  and  also  the  vocal  processes  of  the  arytenoid 
artilages,  the  cartilages  of  Santorini,  the  cuneiform  cartilages,  and  the  o])i<ilottis,  are 
yrtned  of  yellow  fibro-cartihige,  and  at  no  period  of  life  do  they  exhibit  any  tendency 
)ward8  the  ossific  change.  The  thyroid,  cricoid,  and  basal  i)ortion8  of  the  arytenoids,  as 
fe  advances,  become  more  or  less  completely  transformed  into  bone.  In  males  over 
irenty  years  of  age,  and  in  females  over  twenty-two  years  of  age,  the  process  will  usually 
Q  found  to  have  begun  (Chievitz).  It  is  impossible,  however,  by  an  examination  of  the 
.ryiigeal  cartilages,  to  form  an  estimate  of  the  age  of  the  individual,  although  in  old  a^v 
is  usual  to  find  the  thyroid,  cricoid,  and  the  hyaline  part  of  the  arytenoid  completely 
isified.  It  would  appear  that  the  process  is  somewhat  slower  in  the  female  than  in  the 
ale.  The  thyroid  is  the  first  to  show  the  change ;  then,  but  almost  at  the  siime  t  ime, 
le  cricoid,  and  lastly,  a  few  years  later,  the  arytenoid. 

JOINTS,  LIGAMENTS,  AND  MEMBRANKS  OF  THE  LARYNX. 

Orico-thyroid  Joints  (articulationes  cricothyreoideaB). — These  are  diarthrodial 
>ints,  and  are  formed  by  the  api)Osition  of  the  circular  facets  on  the  tips  of  the 
ttferior  cornua  of  the  thyroid  cartilage  with  the  elevated  circular  facets  on  the 
ides  of  the  cricoid  cartilage.  A  capsular  ligament  is  thrown  around  each  articula- 
ion,  and  this  is  lined  by  synovial  membrane.  On  the  ix)8terior  aspect  of  the  joint 
,  strengthening  band  is  present  in  the  capsule.  The  movements  which  take  phice 
bt  th  5  crico-thyroid  joints  are  of  a  twofold  character,  viz.  gliding  and  rotatory.  In 
,be  first  case  the  thyroid  facets  glide  upon  the  cricoid  surfaces  in  ditfereut  v\\x^*!\»\v3\v^. 
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The  rotatory  movement  is  one  in  which  the  thyroid  cartilage  rotates  to  a  dighi 
extent  around  a  transverse  axis  which  passes  through  the  centre  of  tlie  two  joim.v 

Grico- arytenoid  Joints  (articulationes  cricoaryttenoide^e;. — Tliese  also  arr 
diarthrodial  articulations.  In  each  case  there  is  a  joint  cavity  surrounded  l»y  a 
capsular  ligament,  which  is  lined  by  a  synovial  membrane.  The  cricoid  artiiuLii 
surface  is  convex,  whilst  that  of  the  arytenoid  is  concave ;  both  are  elongat^^l  t»r 
elliptical  in  form,  and  they  are  applied  to  each  other,  so  that  the  long  axis  of  the  •.•iir 
intersects  or  crosses  that  of  the  other  at  an  acute  angle.  In  no  position  of  the  jomt 
do  the  two  surfaces  accurately  coincide — a  portion  of  the  cricoid  facet  iH  always  Icti 
uncovered.  The  cai)sule  of  the  joint  is  strengthened  behind  l>y  a  baud  which  is 
inserted  into  the  inner  and  back  jwirt  of  the  bjise  of  the  arytenoid  cartilage,  and  pliiv? 
a  somewhat  important  part  in  the  mechanism  of  the  joint ;  it  arrests  effectually 
excessive  forward  movement  of  the  arytenoid  cartilage. 

The  movements  which  take  place  at  the  crico-arytenoid  joint  are  of  a  twifoKi 
kind,  viz.  gliding  and  rotatory.  The  ordinary  position  of  the  arytenoid  during  ea?y. 
quiet  breathing  is  one  in  which  it  rests  uix)n  the  outer  jwirt  of  the  cricoid  facet. 
By  a  gliding  movement  it  can  ascend  upon  the  cricoid  facet,  and  advance  tuwunis 
the  median  plane  and  its  fellow  of  the  opposite  side.  The  gliding  moveiiieuii 
therefore,  are  of  such  a  character  that  the  two  arytenoid  cartilages  approach  <ir 
retreat  from  each  other  and  the  mesial  plane.  In  the  rotatory  luovement  the 
arytenoid  cartilage  revolves  around  a  vertical  axis,  liy  this  movement  the  vocal 
process  is  swung  outwards  or  inwards,  so  as  to  open  or  close  the  rima  glottidis. 

The  joint  between  the  arytenoid  and  the  cartilage  of  Santorini  may  either 
})artake  of  the  nature  of  an  amphiarthrosis  or  of  a  diarthrosis.  The  tips  of  the  two 
cornicula  laryngis  Ciin  generally  be  made  out  to  l)e  connected  to  the  upfier  border  ol 
the  posterior  lamina  of  the  cricoid  cartilage  by  a  delicate  Y-shaped  ligament  teriuwl 
the  ligamentum  jugale. 

Thyro-hyoid  Membrane  (membrana  hyothyreoiilea). — This  is  a  brofid  meiii- 
Ijranous  and  somewhat  elastic  sheet  which  occupies  the  interval  between  the  hyoiil 
bone  and  the  thyroid  cartilage.  It  is  not  equally  strong  throughout.  It  pi>*sem> 
a  central  tliick  portion  and  a  cord-like  right  and  left  margin,  whilst  in  the  int-enat 
between  these  it  is  thin  and  weak  (Figs.  680  and  681,  p.  951)).  Thecentnil  thickeneJ 
]):irt  (ligamentum  tliyrn-hyoideum  medium)  is  largely  composed  of  elastic  fii^res. 
IJulow,  it  is  attached  to  the  margins  of  the  thyroid  notch,  whilst  above,  it  is  fixeii 
to  the  posterior  aspect  of  tlie  upper  margin  of  the  body  of  tlie  hyoid  bone.  Th«' 
upper  })art,  therefore,  of  its  anterior  surface  is  phiced  Ixjhind  the  posterior  huUowed- 
<jut  surface  of  the  boJy  of  the  hyoid  bone :  a  synovial  bursa  of  variable  extent  is 
placed  between  them,  and  in  certtiin  movements  of  the  head  and  larynx  the  upi»er 
border  of  the  thyroid  ciirtilage  slips  upwards  behind  the  hyoid  bone.  On  either 
side  of  the  strong  central  part,  the  tliyro-hyoid  membrane  is  thin  and  loose.  It  i^ 
attached  below  to  the  upi)er  border  of  the  thyroid  cartilage,  and  above  to  the 
])osterior  aspect  of  the  great  cornu  of  the  hyoid  bone.  It  is  pieixied  by  theiutemal 
laryngeal  nerve  and  the  su]:)erior  laryngeal  vessels.  The  p<isterior  border  of  the 
thyro-hyoid  membrane  on  c^xch  side  is  thickened,  round,  and  cord-like,  and  is  cliietiy 
com])osed  of  elastic  ti))res.  It  is  termed  the  ligamentum  thyro-hyoideum  latenle. 
and  extends  from  the  tip  of  the  great  cornu  of  the  hyoid  bone  to  the  extremity  ot 
tlu»  superior  cornu  of  the  thyroid  cartilage.  In  this  ligament  there  is  usually 
develo]>ed  a  small  oval  cartilaginous  or  bony  nodide  wluch  receives  the  name  of  tin- 
cartilage  triticea.  The  deep  surface  of  the  lateral  part  of  the  thyro-hyoid  meml^nint- 
is  covered  ]»y  the  ])haryngeiil  mucous  membrane.  Behind  its  c<?ntral  part  hes  the 
epiglottis,  but  separated  from  it  by  a  mass  of  adipose  tissue  (Fig.  686,  p.  060\ 

Crico-thyroid  Membrane  (meml)rana  cricothyreoidea). — This  is  a  very  iuiportJint 
structure,  which  must  be  considered  in  three  parts,  viz.  a  central  and  two  lateral, 
all  of  wliich  are  directly  continuous  with  i^ach  other,  and  differ  only  in  the  natuiv 
of  their  sui)erior  connexions.  The  central  part  of  the  crico-thyroid  membnine  i? 
strong,  tense,  an<l  elastic.  It  is  triangular  in  sha|)e,  and  is  attached  by  its  br.aJ 
base  lo  tli<'  up]»er  border  of  the  anterior  arch  of  cricoid  cartilage,  whilst  "above,  it  i> 
Hx(mI  to  the  middle  part  of  the  lower  border  of  the  thyroid  cartilage  (Fig.  680,  p.  J*5!»^ 
It  is  j)ierced  l»y  minute  a\)ii\:Uu*e»,  and  is  crossed  superficially  by  the  crieo-thjTintl 
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)f  the  superior  laryngeal  artery.    The  central  part  of  the  crico-thyroid  mem- 

lerefore,  closes  in  front  the  interval  between  the  cricoid  and  thyroid  cartilages. 

ral  part  on  each  side  presents  very  different  connexions.     It  is  not  attached 

►wer  border  of  the  thyroid  cartilage,  but  slopes  upwards  and  inwards  within 

oid  ala,  and  thus  diminishes  materially  the  transverse  width  of  the  lower 

ion  of  the  laryngeal  cavity.     Its 

ents  are  very  definite.     Below,  it     C|  AmM.uM ,  «rtn.g,. 

to  the  upper  border  of  the  cncoid        1  /  ^iiHcni«r  pwcewi 

;,   immediately  subJ6icent  to   the      \  \^   /^^^Zl— ^ 

nucous  membrane  of  the  larynx ;      V        jj     /        ^^^\      ^*^^^  i»i*etw 

,  is  directly  continuous  with  the       tp^/   /  ^^ 

thyro-arytenoid  ligament  or  sup-       ^%^  -"'"^"^^1 

band  of  the  true  vocal  cord.     This       Ji#i^V'*-^^:r^     jMj^ww^  gtQttidi« 

t,  indeed,  may  be   looked   upon      fMjtt-^S^^^#^ 

ituting  the  upper  thickened  free     r       \W^KJIi/B^JL^  j^ii^Rici^m  or  tnu- 

)f  the  lateral  part  of  the  crico-     j         fH^^^B/^LI^lt^?^ 

membrane.     In  front,  the  lateral     \        ^It'^    "tiiyrrmi  Pi.enibraiif 

.1  •  j.1.  'J  "L  •  1  J     ■  ^Hl^V      Fiw^t  oil  <irkuMror  inferi 

the  crico-tnyroid  membrane   is  W» ^^^"tornncirtiiyrij^i  cartilage 

I  to  the  lower  half  of  the  inner  ^f_ 

3f  the  ala  of  the  thyroid  cartilage,  ^  ,  ^i^lnl^lj 

the   angle,  and  behind,  to   the  (                    J 

Drder  of  the  processus  vocalis  of  1            '<  ^^f% 

enoid  cartilage.     In  contact  with  i                ir^mf 

?r   surface   of   the  lateral  part  of  Fio.  683.— Dissection  to  show  the  Lateral  Part 

)-thyroid  membrane,  and  separat-  «»•'  the  cricothyroid  Membrane.    The  right 

*ii.     i-u         -J     1  i-i      1   4        1  ala  of  the  thyroid  cartilage  has  been  removed. 

om  the  thyroid  ala,  are  the  lateral  ^  ^ 

iTtenoid  and  the  thyro-arytenoid  muscles ;  the  inner  surface  is  clothed  by 
ig  mucous  membrane  of  the  larynx. 

rior  Thjrro-arytenoid  Ligament  (ligamentum  vocale). — This  is  formed 
lexion  with  the  upper  border  of  the  lateral  part  of  the  crico-thyroid 
ne,  and  it  constitutes  the  supporting  ligament  of  the  true  vocal  cord.  It 
bed  in  front,  close  to  its  fellow  of  the  opposite  side,  to  the  middle  of  the 
depression  between  the  two  aloe  of  the  thyroid  cartilage.  From  this  it 
8  backwards,  and  becomes  incorporated  with  the  tip  and  upper  border  of  the 
8  vocalis  which  projects  forwards  from  the  base  of  the  arytenoid  cartilage, 
erior  thyro-arytenoid  ligament  is  composed  of  yellow  elastic  fibres,  and 
id  in  its  anterior  extremity  there  is  frequently  a  minute  nodule  of  elastic 
J.  Its  inner  border  is  sharp  and  free,  and  is  clothed  by  mucous  membrane, 
1  this  position  is  very  thin  and  tightly  bound  down  to  the  ligament. 
superior  thjrro-arytenoid  ligament  (ligamentum  ventriculare)  supports 
\e  vocal  cord.  It  is  weak  and  indefinite,  but  somewhat  longer  than  the 
ig  ligament.  In  front  it  is  attached  to  the  angular  depression  between  the 
»  of  the  thyroid  cartilage,  above  the  true  vocal  Ugaments  and  close  to  the 
ent  of  the  thyro-epiglottidean  ligament,  and  it  extends  backwards  to  be  fixed 
►ercle  on  the  antero-external  surface  of  the  arytenoid  cartilage,  a  short  dia- 
bove  the  processus  vocalis.  It  is  composed  of  connective  tissue  and  elastic 
hich  are  continuous  with  the  fibrous  tissue  in  the  aryteno-epiglottidean  fold. 
2^1ottidean  Ligaments. — The  epiglottis  is  l)Ound  by  ligaments  to  the  base 
-ongue,  to  the  wall  of  the  pharynx,  to  the  hyoid  bone,  and  to  the  thyroid 
3.  The  glosso-epiglottidean  ligament  (plica  glosso-epiglottica  mediana)  is 
nent  mesial  fold  of  mucous  membrane  which  proceeds  from  the  middle 
anterior  free  surface  of  the  epiglottis  to  the  ]»ase  of  the  tongue.  The 
o-epiglottidean  ligaments  or  folds  (plicHb  glosso-epiglotticae  laterales)  are 
mucous  folds  which  proceed  from  tlie  margins  of  the  epiglottis  in  an  upward 
Q  on  the  side  wall  of  the  pharynx.  Between  the  two  layers  of  mucous 
ne  which  form  the  glosso-epiglottidean  and  pharyngo-epiglottidean  folds 
a  certain  amount  of  elastic  tissue.  By  the  three  folds  the  depression 
I  the  root  of  the  tongue  and  the  epiglottis  is  marked  off  into  two  fossae 
the  valleculse. 
55  a 
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Th(^  hyo-epiglottidean  ligament  (ligamentiuu  hyoepiglotticum)  is  a  short,  broad 
elastic  band,  somewhat  broken  up  by  adipose  tissue,  which  connects  the  anterior 
face  of*  tlie  epiglottis  to  the  upper  border  of  the  hyoid  bone  (Fig.  686,  p.  966;i.  The 
thyro-epiglottidean  ligament  (ligamcntuin  thjreoepiglotticum)  is  strong  and  thick 
(Fig.  682,  p.  960).  Composed  mainly  of  elastic  tissue,  it  proceeds  downwards  froui 
the  lower  pointed  extremity  of  the  epiglottis,  and  is  attached  to  the  angular 
depression  l)etween  the  two  alje  of  the  thyroid  cartilage  below  and  Ijehind  the 
median  notch. 

A  triangular  interval  is  loft  between  the  anterior  face  of  the  epiglottis  and  thf 
thyro-hyoid  mem})rane.  This  is  imperfectly  closed  al)Ove  by  the  hyo-epiglottideau 
ligament,  and  contains  a  pad  of  soft  fat  (Fig.  686,  p.  966). 


OlCHUH}-' 


INTERIOR  OF  THE  LARYNX. 

Tlie  ciivity  of  the  larynx  is  smaller  than  might  be  expected  from  an  inspection 
of  its  exterior.  On  looking  into  its  interior  through  the  superior  aperture  it  is 
seen  to  be  sulKlivided  into  three  portions  by  two  elevated  folds  of  mucous  membraue 
which  extend  from  before  l»ackwards,  and  project  inwards  from  each  side- wall  of  the 
cavity.  The  upper  pair  of  folds  are  the  false  vocal  cords ;  the  lower,  more  definite 
pair,  are  the  true  vocal  cords  (Fig.  684).  The  latter  are  the  chief  agents  in  the 
production  of  the  voice,  and  the  larynx  Ls  so  constructed  that  changes  in  their 
relative  ]jositi()n  and  in  their  degree  of  tension  are  l.>rought  about  by  the  action  ot 
the  muscles  and  the  recoil  of  the  elastic  ligaments. 

Superior  Aperture  of  the  Laxynx  (aditus  lar}'ngis). — This  is  a  large  obliquely- 
plactid  opening  whicli  slopes  rapidly  from  above  downwards  and  L)ackwcird8  and 
looks  }>ackwards  into  the  up])er  part  of  the  laryngeal  portion  of  the  pharynx.     Sonnf- 

what  triangular  in  outline, 
the  l»asal  part  of  the  aper- 
tui-e,  placed  a)x)ve  and  in 
front,  is  formed  by  the  free 
border  of  the  epiglottt. 
Behind,  the  opening  rapidly 
narrows,  and  finaUy  ends 
in  the  interval-  l)etw'een  tht* 
two  arytenoid  cartilages. 
-cni,iiiQn(.fi.i.iKiottisl'lie  ^idcs  of  the  aperture 
are  formed  by  two  sbarj* 
and  prominent  folds  of 
mucous  membrane  called 
the  aryteno  -  epiglottidMUi 
folds  (plica;  ary epiglottic*  . 
which  stretch  between  the 
lateral  margins  of  the  epi- 
glottis in  front  and  liie 
arytenoid  cartilages  l^eliind. 
The  ary  tenu  -  epigloi- 
tidean  folds  enclose  lietween 
the  two  layers  of  mucou? 
membrane    which   eom|io^ 

Vui.   (>S1.  — Sri'EHioR  Al'EiiTLUK  »»K  Lahynx,    oxiioseil  bv  laviijg  open  ^jj^^n^      some      connective 

tlie  pliMrvnx  from  l»ehind.  .  -  .,,  ', 

tissue,  muscular  fibres  lie- 
longing  to  the  iiryteno-ei>iglottidean  muscles,  and  in  their  posterior  parts  the 
cuiUMform  cartilages  and  the  cornicula  laryngis  which  surmount  the  arytenoid 
cartilage-^.  Tliese  small  nodules  of  cartilage  raise  the  hinder  part  of  the  aryteno- 
epiglotlidean  fold  in  the  form  of  two  rounded  eminences,  tenned  respectively  the 
cuneiform  tubercle  (tubeivulum  cuneiforme)  and  the  tubercle  of  Santorini  (tul^ewulum 
corniculatum). 

On  eitlier  side  of  the  posterior  and  lower  part  of  the  laryngeal  opening  there  is. 
in  the  pharynx,  a  small  downwardly-directed  recess  which  presents  a  wide  entrance. 
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but  rapidly  narrows  towards  the  bottom.  It  is  tx^rmed  the  sinus  pyriformis  and  is  of 
importance  to  the  surgeon,  because  foreign  bodies  introduced  into  the  pharynx  are 
liable  to  be  caught  in  this  little  pocket.  On  the  inner  side  the  sinus  pyriformis,  is 
bounded  by  the  arytenoid  cartilage  and  the  aryteno-epiglottidean  fold,  whilst  on 
the  outer  side  it  is  limited  by  the  inner  surface  of  the  ala  of  the  thyroid  cartilage, 
clothed  by  the  pharyngeal  mucous  membrane. 

Upper  SulMlivision  of  the  LaiTiigeal  Cavity  (vestibulum  laryngis).— The 
upper  subdivision  of  the  laryngeal  cavity  extends  from  the  superior  opening  of  the 
larynx  down  to  the  false  vocal  cords.  In  its 
lower  part  it  exhibits  a  marked  lateral  com- 
pression. Its  width,  tlierefore,  diminishes  from 
alx)ve  downwards,  whilst,  owing  to  the  obliquity 
of  the  upper  aperture  of  the  larynx,  its  depth 
rapidly  diminishes  from  before  backwards.  In 
front  it  is  bounded  by  the  posterior  surface  of 
the  epiglottis,  clothed  by  mucous  membrane. 
This  wall  descends  obliquely  from  above  down- 
wards and  forwards,  and  becomes  narrower  as  it 
approaches  the  anterior  ends  of  the  false  vocal 
cords.  The  upper  part  of  the  posterior  surface 
of  the  epiglottis  is  convex,  owing  to  the  manner 
in  which  the  upper  margin  is  curved  forwards 
towards  the  tongue ;  below  this  there  is  a 
slight  concavity,  and  still  lower  a  marked  bulg- 
ing or  convexity  over  the  upper  part  of  the 
thyro-epiglottidean  ligament.  This  swelling  is 
called  the  cushion  or  tubercle  of  the  epiglottis 
(tuberculum  epiglotticum),  and  it  forms  a  con- 
spicuous object  in  laryngoscopic  examinations 
of  the  larynx.  The  lateral  wall  of  the  upper 
compartment  or  vestibule  of  the  larynx  is  formed 
by  the  inner  surface  of  the  aryteno-epiglottidean 
fold.  For  the  most  part  it  is  smooth  and 
slightly  concave,  and  it  diminishes  considerably 
in  vertical  depth  as  it  passes  backwards.  In  its 
posterior  part  the  mucous  membrane  stands  out  in  two  elongated  vertical  elevations 
placed  one  l)eliind  the  other  (Fig.  686,  p.  966).  The  anterior  elevation  is  formed 
by  the  subjacent  cuneiform  cartilage  with  the  mass  of  glands  associated  with 
it;  the  posterior  elevation  is  produced  by  the  anterior  margin  of  the  arytenoid 
cartilage  and  the  cartilage  of  Santorini.  A  shallow  groove  (philtrum  veiitriculi  of 
Merkel)  descends  between  these  rounded  elevations,  and  terminates  below  by 
running  into  the  interval  between  the  false  and  true  vocal  cords.  The  anterior 
elevation  comes  to  an  end  below  in  the  posterior  extremity  of  the  false  v(x;al  cord ; 
the  arytenoid  or  posterior  elevation,  in  its  inferior  part,  bends  round  the  hinder  end 
of  the  ventricle  of  the  larynx  and  b(»comes  lost  in  the  true  vocal  cord.  The  posterior 
wall  of  the  laryngeal  vestibule  is  narrow,  and  corn»8j)onds  to  the  inU*rviil  Uaween 
the  upper  parts  of  the  two  arytenoid  cartilages.  Its  width,  to  a  large  extt»nt, 
depends  on  the  position  of  these  cartilages,  and  when  they  are  placed  near  each  other 
the  mucous  membrane  which  covers  this  wall  is  throwTi  into  longitudinal  folds. 

Bliddle  Subdivision  of  the  Laryngeal  Cavity. — The  middle  compartment  of 
the  larynx  is  much  the  smallest  of  the  three.  It  is  bounded  above  by  the  false 
vocal  cords  and  below  by  the  true  vocal  cords,  whilst  it  communicates  between 
these  folds  with  the  vestibule  on  the  one  hand  and  the  inferior  compartment  of 
the  larynx  on  the  other. 

The  false  vocal  cords  (plicte  ven trie u lares)  are  two  prominent  mucous  folds 
which  extend  from  before  }»ackwards  on  the  side  walls  of  the  laryngeal  c^ivity.  In 
front  they  reach  the  angle  l^tween  the  two  alie  of  the  thyroid  cartilaj^^e,  but  Ijehind 
they  do  not  extend  so  far  as  the  posterior  wall  of  the  larynx.  They  come  to  an 
end  on  each  side  at  the  lower  end  of  the  elongated  swelling  produced  1)V  cuueifot\i\ 
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cartilage.     The  false  vocal  cord  is  soft  and  somewhat  flaccid,  and  presents  a  free 
border  which  is  sliglitly  arched — the  concavity  looking  downwards.     Within  the 

fold  of  mucous  mombrane  which  forms  thij« 
cord  are  contained :  (1)  the  feeble  superior 
thyro-arytenoid  ligament;  (2)  numeroui> 
glands  which  are  chiefly  aggregated  in  its 
middle  part ;  and  (3)  a  few  muscle  fibres. 

The  interval  between  the  false  vocal 
cords  is  sometimes  termed  the  fiJae  glottis 
(glottis  spuria),  and  is  considerably  \sider 
than  the  interval  between  the  true  vocal 
cords,  which  is  called  the  true  glottis  (glottis 
vera)  or  rima  glottidis.  It  follows  fD)ui  thL< 
that  when  the  cavity  of  the  larynx  i< 
examined  from  above  the  four  conls  iire 
distinctly  visible,  but  when  examined  from 
below  the  true  vocal  cords  alone  Ciin  be 
seen. 

The  true  vocal  cords  (plicce  vocales,. 
placed  below  the  false  cords,  extend  from 
the  angle  between  the  ahe  of  the  thyroid 
cartilage  in  front  to  the  vocal  processes  nf 
the  arytenoid  cartilages  behind.  The  truv 
vocal  cord  is  sharp  and  prominent,  and  the 
mucous  membrane  which  is  stret'Clied  over 
it  is  very  thin  and  firmly  bound  down  to 
the  subjacent  ligament.  In  colour  it  is 
pale,  almost  pearly  wliite,  whilst  posteriorly 
the  point  of  the  processus  voealia  of  the 
arytenoid,  which  stands  out  clearly  in  relief, 
presents  a  yellowish  tinge.  In  cross-section 
the  true  vocal  cord  is  prismatic  in  form,  and 

it.s  free  l)order  looks  upwards  as  well  as  inwards. 

The  true  vocal  corda  are  the  agents  by  means  of  which  the  voice  is  produced. 

The  false  vocal  cords  are  of  little  import- 
ance in  this  respect ;    indeed,  they  can 

in  great  part  be  destroyed  and  no  ap- 

pniciuble  difference  in  the  voice  result. 
Glottis  vera  (rima  glottidis). — This 

name  is  applied  to  the  elongated  fissure  by 

means  of  which  the  middle  compartment 

of   the   larynx   communicates  with    the 

lower  compartment.     It  is  placed  some- 
what below  the  middle  of  the  lar}'ngeiil 

cavity,  of  which  it  constitutes  the  nar- 
rowest part.     In  front  it  corresponds  to 

the    interval    between    the    true    vocal 

cords ;    behind,    it    corresponds    to    the 

interval   between    the    bases   and   vocal 

]»rocesses  of  the  arytenoid  cartilages.     It 

is  comiM)S(»d,   therefore,  of  two  distinct 

parts:    (1)   a    narrow   anterior    portion, 

between  the  true  vocal  cords,  involviug 

more  than  half  of  its  lengtli,  and  called  the 

Fi(i. 
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to  »liow  tin*  outer  wall  of  the  right  half. 


lliyroid  cartilage 


Aryttvtioid 
cartila2J:« 


luferior  thjfTO- 
aryteiioid  liganeut 


Vocal  prorr«- 

ofaiTtcntiiil 

cartUagt 


687.— DiAGKAM  OF  Rima  Glottidu. 
A.  During  ordinary  easy  breathing.     ^  Widely  op^a- 


glottis  vocalis  Tpars  intermeiuhranacea) ; 
(2)  a  broader,  shorter  portion,  l)etween 
the  arytenoid  cartilages,  and  termed  the 
glottis  respiratoria  (pars  interwirtilaginea).     By  changes  in  the  position  of  the  ary- 
tenoid cartilages  the  Vorm  of  \X\kt  riiua  glottidis  undergoes  constant  alteiations.    In 
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)rdinary  easy  breathing  it  is  somewhat  lanceolate  in  outline.  The  glottis  vocalis 
presents  under  these  conditions  the  form  of  an  elongated  triangle  with  the  base 
lirected  backwards,  and  corresponding  to  an  imaginary  line  drawn  between  the 
[)oints  of  the  vocal  processes  of  the  arytenoid  cartilages,  whilst  the  glottis  respira- 
joria  is  somewhat  quadrangular.  When  the  glottis  is  opened  widely  the  broadest 
>art  of  the  tissure  is  at  the  extremities  of  the  vocal  processes  of  the  arytenoids, 
md  here  the  side  of  the  rima  presents  a  marked  angle.  The  two  vocal  cords,  on 
ihe  other  hand,  may  be  approximated  to  each  other  so  closely,  as  in  singing  a  high 
lote,  that  the  glottis  vocalis  is  reduced  to  a  linear  chink. 

The  length  of  the  rima  glottidis  differs  very  considerably  in  the  two  sexes,  and  upon  this 
lepends  the  different  character  of  the  voice  in  the  male  ana  female.  According  to  Moura,  the 
oDowing  are  the  average  measurements  in  the  quiescent  condition  of  the  rima  : — 

Male — Length  of  entire  rima  glottidis,  ( glottis  vocalis,  16'5  mm. 

23  mm. \  glottis  respiratoria,  7*5  mm. 

Female — Length  of  entire  rima  glottidis,  i  glottis  vocalis,  11*5  mm. 

17  mm. \  glottis  respiratoria,  6'5  mm. 

By  stretching  the  vocal  cords,  however,  the  length  of  the  rima  glottidis  in  the  male  may 
•e  increased  to  27*5  mm.,  and  in  the  female  to  20  mm. 

The  position  of  the  rima  glottidis  may  be  indicated  on  the  surface  by  marking  a  point  on  the 
diddle  hne  of  the  neck  8*5  mm.  below  the  bottom  of  the  thyroid  not<.'li  in  the  male  and  6-5  mm. 
a  the  female.     This  is  the  average  position  (Taguchi). 

Laryngeal  Sinus  (ventriculus  laryngis). — The  side  wall  of  the  larnyx,  in  the 
nterval  between  the  false  and  the  true  vocal  cords,  exhibits  a  marked  poc^ket-like 
lepression  or  recess  called  the  laryngeal  sinus.  The  recess  passes  upwards  so  as 
A)  undermine  somewhat  the  false  vocal  cord,  and  its  mouth  is  somewhat  narrower 
,han  its  cavity.  In  front  it  reaches  forwards  to  the  angle  between  the  alse  of  the 
ihyroid  cartilage,  whilst  behind  it  ends  at  the  anterior  border  of  the  arytenoid 
^rtilage. 

Under  cover  of  the  forepart  of  the  false  vocal  cord  a  small  slit-like  aperture 
nay  be  detected  ;  this  leads  upwards  from  the  laryngeal  sinus  into  a  small  diverti- 
culum of  mucous  membrane,  termed  the  larsmgeal  saccule  (appendix  ventriculi) 
which  ascends  between  the  false  vocal  cord  and  the  ala  of  the  thyroid  cartilage. 
The  laryngeal  saccule  is  of  variable  extent,  but  as  sncrnie 

i  rule  it  ends  blindly  at  the  level  of  the  upper       ^im^i^X~^r^'^^^^ 
)order  of  the  thyroid  cartilage.  ^         *  "^        ^ 

Sometimes  the  saccule  extends  much  higher,  and  may 
ven  reach  the  hinder  part  of  the  great  cornu  of  the 
lyoid  bone.  This  is  of  interest  when  considered  in 
onnexion  with  the  extensive  lamygeal  pouches  of  the 
uthropoid  apes. 

Lower  Compartment  of  the  Laryngeal  Cavity. 

—This  leads  directly  downwards  into  the  trachea. 

V.bove  it  is  narrow  and  compressed  laterally,  but 

t  gradually  widens  out  until,  in  its  lowest  part,  it 

becomes  circular,  in  correspondence  with  the  trachea 

nth  which  it  is  continuous.     It  is  bounded  by  the  Fn;.  688.— Specimen  showing  a  ckeat 

loping  inner  surfaces  of  the  crico-thyroid  membrane       Extension  of  the  Saccile  of  the 

tnd  by  the  inner  aspect  of  the  cricoid  cartilage—  amynx. 

K)th  covered  by  smooth  mucous  membrane.     In  the  operation  of  laryuL^otomy  the 

►pening  is  made  through  the  anterior  wall  of  this  compartment. 

Mucous  Membrane  of  the  Larynx. — The  mucous  membrane  which  lines  the 
arynx  is  continuous  above  with  that  lining  the  pharynx,  and  l>elow  with  mucous 
nembrane  of  the  trachea.  Over  the  posterior  surface  of  the  epiglottis  it  is  closely 
^herent,  but  elsewhere,  above  the  lev(d  of  the  true  vocal  cords,  it  is  loosely 
.ttached  by  submucous  tissue  which  extends  into  the  aryteno-epigloltidean  folds. 
Ls  it  passes  over  the  true  vocal  cords  the  mucous  n.embrane  is  very  thin,  and  is 
ightly  bound  down. 

It  is  important  to  bear  these  facts  in  mind,  Wcause  in  certain  inflammatory  conditions  the  lax 
abniucous  tissue  in  the  upper  part  of  the  larynx  is  liable  to  become  infiltratwl  v(vlVv^v\\!\.»\Vi- 
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(luciiig  what  is  known  as  oxlt^na  glottidis.  This  may  ]»rocecd  so  far  as  to  caiuje  ooclu;e>ioii  of  tbi 
u{>]>cr  ]»art  of  the  cavity.  The  close  adbesion  of  tlie  mucous  membrane  to  the  true  vocal  conk 
liowevci',  pii'vents  tlu»  oedema  extending  beyond  the  level  of  the  rima  glottidi:^,  and  the  surgKL 
in  thu>i  able  to  relieve  the  patient  by  making  an  o|>ening  through  the  front  jiart  of  the  crico- 
thyroid membrane  into  the  lower  compartment  of  the  larj-nx. 

Above  the  level  of  the  rima  glottidis  the  laryngeal  mucous  niembrdne  is 
extremely  sensitive,  and  when  touched  by  a  foreign  lx)dy  there  is  au  immediate 
responst*  in  the  shape  of  an  explosive  cough.  In  the  lower  compartment  of  the 
larynx  the  mucous  membrane  is  lined  by  columnar  ciliated  epithelium.  Over  the 
true  vocal  cords  this  is  replaced  by  squamous  epithelium.  In  the  middle  compart- 
ment ami  in  the  lower  part  of  the  vestibule  of  the  larynx  the  columnar  ciliated 
epitheliam  again  reapf)ears.  The  upper  \)8LTt  of  the  epiglottis  and  the  upper  parts 
of  the  side  walls  of  the  vestil)ule  are  covered  by  squamous  epithelium  similar  to 
that  i)resent  in  tlie  mouth  and  pharynx. 

The  mucous  membrane  of  the  larynx  has  a  plentiful  supply  of  acinose  glandi, 
and  in  only  one  place,  viz.  over  the  surface  of  the  true  vocal  cords,  are  these  com- 
]detoly  absent.  For  the  most  part  the  glands  are  aggregated  in  groups  The 
following  are  the  locjilities  in  which  these  groups  are  esi)ecially  noticeable : — (1)  On 
the  dorsal  surface  of  the  epiglottis,  many  of  the  glands  piercing  the  cartilage;  (2; 
around  tlie  cuneiform  cartilage,  where  they  are  chiefly  responsible  for  the  elongated 
elevation  seen  in  this  jmrt  of  the  wall  of  the  vestibule ;  (3)  in  the  false  vocal  cord, 
and  over  t!ie  wall  of  the  laryngeal  sinus  and  the  larj'ngeal  saccule. 


L.'VRYNGEAT.  MUSCLES. 

Under  this  heading  we  do  not  include  all  the  muscles  which  are  attached  tn 
the  cartilages  of  the  larynx.  Thus  the  inferior  constrictor  muscles  of  the  pharynx, 
although  attached  to  both  cricoid  and  thyroid  cartilages,  and  the  stylo-pharyngeus 
muscle  on  each  side,  although  inserted  in  j)art  into  the  thyroid  cartilage,  projierlT 
belong  to  the  ])harynx.  Of  the  laryngeal  muscles  proper  two  are  attached  to  the 
oblique  line  of  the  thyroid  cartilage  (viz.  the  steruo-thyroid  and  thyro-hyoid),  and 
are  concerned  in  producing  movements  of  the  larynx  as  a  whola  These  are  termed 
the  extrinsic  vniscka  of  the  larynx,  and  have  l^een  already  described  (p.  412).  Th? 
intrinsic  viusclcs  of  the  Lirynx  are  a  group  of  small  muscles  which  help  to  build  up 
the  laryngeal  wall,  and  which,  by  their  contraction,  move  the  laryngeal  cartilages 
on  each  other.  One  passes  between  the  cricoid  and  thyroid  cartilages — the  crico- 
thyroid muscle ;  two  pass  between  the  cricoid  and  arytenoid  cartilages — the  crico- 
arsrtenoideus  posticus  and  crico-arsrtenoideus  lateralis ;  one,  in  each  lateral  wall  of  the 
lirynx,  undercover  of  theala  of  the  thyroid  cartilage,  passes  l>e:ween  the  thyrv>idand 
the  arytenoid  c-artilages — the  thsrro-arytenoid.     Thesj  muscles  are  in  pairs.    One 

muscle  only,  which  connects  the  two  an-tenoid 
cartilages,  and  which  is  termed  in  consequence  the 
arytenoideus,  is  single.  In  addition  to  these,  some 
muscular  fibres  which  enter  the  aryteno-epiglotti- 
dean  fold  and  reach  th3  epiglottis  require  to  l»e 
considered.  These  constitute  the  thyro-azy-epi- 
glottidean  muscle. 

The  crico -thjrroid  muscle  (musculus  crico- 
thyreoideus)  is  placed  on  the  cricoid  cartilage,  and 
bridges  over  the  crico-thyroid  iutervaL  Taking 
origin  from  the  lower  border  and  out^r  surface  of 
tho  anterior  arch  of  the  cricoid  cartilage,  its  fibres 
spread  out  in  an  upward  and  l)ackward  direction, 
and  arc  inserted  into  the  inner  surface  and  lower 
margin  of  th  '■  thyroid  cartilage,  and  also  into  the 
anterior  aspect  of  its  inferior  comu.  As  a  general 
rule  it  is  divided  into  two  parts,  viz. :  ( I)  an  antoiiff 
or  oblique  part,  comi)osed  of  those  fibres  which  aiv 
inserted  into  the  ala  of  the  thyroid  cartilage ;  and 
(2)  a  posterior  or  horizontal  v^ixt  foYuied  of  those  fibres  which  ari  inserted  into  the 
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ferior  cornu  of  the  thyroid  cartilage.  It  is  closely  associated  with  the  inferior 
mstrictor  muscle  of  the  pharynx,  and  sometimes  shows  a  certain  amount  of  con- 
nuity  with  it. 

The  posterior  crico-arjrtenoid  muscle  (musculus  cricoarytsenoideus  posterior) 
somewhat  fan-shaped  (Fig.  691,  p.  970).  It  springs  by  a  broad  origin  from  the 
epression  which  is  present  on  the  posterior  lamina  of  the  cricoid  cartilage  on  each 
de  of  the  mesial  ridge,  and  its  fibres  converge  to  be  inserted  into  the  posterior 
irface  of  the  processus  muscularis  of  the  arytenoid  cartilage.  In  pursuing  its 
pward  and  outward  course  on  the  back  of  the  cricoid  cartilage  its  fibres  show 
i£ferent  degrees  of  obliquity.  The  uppermost  fibres  are  short  and  nearly  horizontal ; 
lie  intermediate  fibres  are  the  longest,  and  are  very  oblique ;  whilst  the  lowest 
bres  are  almost  vertical  in  their  direction. 

The  lateral  crico-arytenoid  muscle  (musculus  cricoaryt^enoideus  lateralis)  is 
riangular  in  form  and  smaller  than  the  preceding  muscle  (Fig.  690).  It  springs 
rom  the  upper  border  of  the  lateral  part  of  the  anterior  arch  of  the  cricoid  as  far 
ack  as  the  facet  which  supports  the  base  of  the  arytenoid  cartilage.  A  few  of  its 
bres  also  take  origin  from  the  lateral  part  of  the  crico-thyroid  membrane,  to  which 
»  deep  surface  is  applied.  From  this  attachment  its  fibres  run  backwards  and 
pwards,  and  converge  to  be  inserted  into  the  anterior  surface  of  the  processus 
luscularis  of  the  arytenoid  cartilage.  The  superficial  or  outer  surface  of  this 
luscle  is  covered  by  the  lower  part  of  the  ala  of  the  thyroid  cartilage  and  by  the 
pper  part  of  the  crico-thyroid  muscle. 

The  thjrro-arytenoid  muscle  (musculus  thyreoarytsenoideus)  is  placed  in  the 
iteral  wall  of  the  larynx  under  cover  of  the  ala  of  the  thyroid  cartilage  (Fig.  690). 
ts  lower  border  is  contiguous  with,  and  generally  inseparably  blended  with, 
he  upper  margin  of  the  lateral  crico-arytenoid  muscles,  so  that  the  two  muscles 
>rm  a  more  or  less  continuous  sheet.  The  thyro-arytenoid  muscle  is  usually 
escribed  as  consisting  of  a  superficial  and  a  deep  parb,  termed  respectively  the 
hyro-arytenoideus  externus  and  the  thyro-arytenoideus  internus.  As  a  rule  these 
arts  are  more  or  less  completely  united,  and  can  only  be  isolated  from  each 
ther  by  artificial  means. 

The  thyro-arytenoideus  externus  is  a  broad  muscular  layer  which  lies  immediately 
iibjacent  to  the  ala  of  the  thyroid 
irtilage.  Its  lower  border  is  in  con- 
ictwith  the  lateral  crico-arytenoid 
lUScIe,  whilst  its  upper  border  is 
laced  at  a  higher  level  than  the 
rue  vocal  cord.  The  upper  part 
f  the  muscle  is  therefore  in  rela- 
on  to  the  wall  of  the  sinus  of  the 
irynx.  The  thyro-arytenoideus 
sternus  arises  in  front  from  the. 
)wer  half  of  the  inner  surface  of 
le  ala  of  the  thyroid  cartilage, 
lose  to  the  angle,  and  also  from 
[le  lateral  jmrt  of  the  crico- 
lyroid  membrane,  on  which  it  to 
>me  extent  lies.  Its  fibres  pass 
ackwards,  and  are  inserted  into 
le  outer  border  and  muscular 
rocess  of  the  arytenoid  cartilage, 
certain  number,  however,  turning 
)uud  this  cartilage,  and  becom- 
ig  continuous  with  the  transverse 
bres  of  the  arytenoideus  muscle. 
A  considerable  number  of  the 

ppermOSt     fibres    of     the     thyro-  The  right  ala  of  the  thyroid  cartilage  has  beeu  removed. 

ytenoideus  externus,  as  they  pro- 
ved   backwards,  curve  upwards  so  as   to  form  a  thin  band  which   reaches  the 
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aryteno-epiglottidean    t'oM  aud  the  margin  of  the   epiglottis.     These   constituie 
the  thyro-epiglottidean  muscle. 

The  thyro-arytenoideus  intemus  is  a  slender,  three-sided,  muscular  l»and  which 
is  apphed  to  the  outer  as].xjct  of  the  true  vowil  cord,  and  receives  its  prismatic  torn 
from  this  adaptation.  It  arises  in  front  from  the  angular  depression  between  t lie 
two  ala3  of  the  thyroid  cartilage,  and  is  inserted  behind  into  the  outer  asjiieut  of  thr 
})rocessu8  vocalis  and  also  into  the  adjoining  depressed  part  of  the  antero-ext<?ni;il 
surface  of  the  arytenoid  cartilage.  The  thyro-arytenoideus  int.«*mus  is  somewhat 
thicker  l)ehind  than  in  front.  This  is  due  to  the  fact  that,  whilst  all  the  tilns 
which  compose  it  are  attached  to  the  arytenoid  cartilage,  only  a  certaia  proportiun 
obtain  attachment  in  front  to  the  thyroid  cartilage.  A  large  numlxjr  of  the  deei»er 
fibres  are  directly  fixed  at  difterent  points  to  the  outer  side  of  the  true  vocal  coni. 
These  constitute  the  ary-vocalis  muscle  (Ludwig). 

The  lliyro-arytenoidi'us  is  ,i  coinplicattnl  muscle,  and  the  alK>ve  description  can  only  W 
rcgfiided  as  conveving  in  a  giMifial  way  wliat  niav  l>e  regarclKl  a.s  the  more  nsual  arranpemeiil 
of  its  tibivs.  It  IS  subject  to  uiuirh  variation  and  to  very  diflVrent  ch-grt'os  of  devolopnuiit  in 
<litfcivnt  individjials.  As  a  rule  it  is  ])ossible  to  trace  fnnn  lioth  parts  of  the  niusile  fibivs 
which  aiv  carried  obliquely  upwai^ls  over  the  laryngeal  sinus,  and  to  some  ext*^nt  also  over  the 
sacculiLs  laryngis.  Further  an  additional  part,  t^^rnied  the  small  or  superior  thyro-aiytanoideu, 
is  as  a  rule  jjrescnt  (03  per  cent  accxunlinL'  to  Sewcll).  This  is  a  slender  l.»ancl  which  arisi-s  fivini  tli*- 
inner  ;is|>eft  of  the  ala  of  the  thvmid  cartilage  close  to  the  notch,  and  paHsi^s  liackwanis  anii 
downwaifls  to  find  ins<»rti<in  int<»  the  lateral  lx)rder  of  the  arytenoid  cartilagi*  ininiwlialely  aU»VF 
the  processus  nius<nilaris. 

The  arytenoideus  muscle  is  composed  of  t\v(»  portions — a  snjierlicial  i»iirt. 
terniod  the  arytcnoideus  obli(iuus,  and  a  deei)er  part,  called  tlie  arytenoideu? 
trail  sversus. 

The  arytenoideus  obliquus  consists  of  two  hundles  of  muscular  fibres,  each  of 
which  springs  froni  tlu^  posterior  aspect  of  the  muscular  process  of  the  arytenoid 
cartilage.  From  tliest*  points  tlie  two  iieshy  slips  proceed  upwards  and  inwanls. 
and  cross  each  otlier  in  the  mesial  plane  like  the  two  limbs  of  the  letter  X. 
Rt-acliing  the  summit  of  the  arytennid  cartilage  on  each  side,  many  of  the  fihrvs  ;»re 
inserted  into  it.,  whilst   the  n^mainder  are  prolonged  round  it  into   the  aryt^no- 

epiglottidean  fold.  Here  tliey  receive  the 
name  of  the  aryteno-epiglottidean  musde, 
and  as  they  ai)proach  the  epiglottis  they 
are  joined  by  the  fibres  of  the  thyro- 
epiglottidean  muscle.  The  oblique  ary- 
tenoid muscles  may  therefore  be  regiinled 
as  forming  a  rudimentary  sphincter  muscle 
for  the  superior  aperture  of  the  larynx. 
Kach  l>undle,  starting  fioni  the  l»a5?e  of  «'ne 
nf  the  arytenoid  cartilages,  is  prc^longed 
into  the  aryteno-epiglottidean  fold  of  the 
opposite  side,  and  within  this  to  the 
margin  of  the  ei»iglottis. 

The  arsrtenoideuB  tranversns  is  an  im- 
paired muscle.  It  is  composed  of  tnius- 
verse  tilm^s  which  bridge  across  the  interAal 
})etw  een  the  two  arytenoid  cartibges,  acJ 
occupy  their  posterior  conclave  surfaces. 
To  a  large  extent  these  fibres  are  inserter! 
into  the  posterior  asi)ect  of  the  outer  l>onIer 
of  each  arytenoid  cartilage,  but  many  turn 
round  this  border  and  become  continuous 
with  the  fibres  of  the  thj-TO-arytemnd 
musch*.  It  f(dlows  from  this  that  tlie  arytenoideus  transversus  and  the  two  thyrc- 
arytenoiil  muscles  arr*  somotimcs  spoken  of  as  the  si)hincter  of  the  glottis. 

Action  of  the  Laryngeal  Muscles. — By  the  action  of  the  laryngeal  muscles  tbe 
j>ositi()u  imii  tension  nf  the  true  vocal  cords  are  so  influenced  that,  during  the  passage  of 
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ArytPiH>ei»i»,4ottfdpfln 
roSrt 


Cnrtilan<»  or^HDtorinr 

Arytt'im'uliMis  obllquMs 

Arytflnoldpni*. 

tnillUVlTHtlrt 

Muscular  procfiL^  of 
jiryteiioiif  cnii  klugi'' 


Criff>-arytPT]fMi]F'i] 

Fuc«'t  for  irjf'ri>'r 
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air  through  the  larynx,  the  tone  and  the  pitch  of  the  voice  is  determined.  Tension  of  the 
true  vocal  cords  is  produced  by  the  contraction  of  the  two  crico-thyroid  muscles.  Tlie 
anterior  or  oblique  portions  of  the  muscles  pull  the  lower  border  of  the  thyroid  cartilage 
downwards,  whilst  the  posterior  horizontal  portions,  through  their  insertion  into  the 
inferior  comua,  draw  the  thyroid  cartilage  forwards,  thereby  increasing  the  distance 
between  the  angle  of  the  thyroid  cartilage  and  the  vocal  processes  of  the  arytenoid  car- 
tilages. When  the  crico-thyroid  muscles  cease  to  contract,  the  relaxation  of  the  cords  is 
brought  about  by  the  elasticity  of  the  ligaments.  The  thyro-arytenoid  muscles  must  be 
regarded  as  antagonistic  to  the  crico-thyroid  muscles.  When  they  contract  they  approxi- 
mate the  angle  of  the  thyroid  cartilage  to  the  arytenoid  cartilages,  and  still  further  relax 
the  true  vocal  cords ;  and  when  they  cease  to  act  the  elasticity  of  the  ligaments  of  the 
larynx  again  restore  the  state  of  equilibrium.  The  ary-vocales  muscles,  by  the  insertion 
of  their  fibres  into  the  true  vocal  cords,  may  tighten  portions  of  these  cords,  whilst  they 
relax  at  the  same  time  the  parts  behind. 

The  width  of  the  rima  glottidis  is  regulated  by  the  arytenoideus  muscle,  which  draws 
together  the  two  arytenoid  cartilages,  and  this  may  be  done  so  effectually  that  the  inner 
surfaces  of  these  cartilages  come  into  contact ;  the  glottis  respiratoria  is  thus  completely 
closed.  The  lateral  and  posterior  crico-arytenoid  muscles  also  modify  the  width  of  the 
rima  glottidis.  When  they  act  together  they  iissist  the  arytenoideus  muscle  in  closing 
the  glottis,  but  when  they  act  independently  they  are  antagonistic  muscles.  Thus  the 
posterior  crico-arytenoid  muscles,  by  drawing  the  muscular  processes  of  the  arytenoid 
cartilages  outwards  and  backwards,  swing  the  processus  vocales  and  the  vocal  cords  out- 
wards, and  thereby  open  the  rima.  The  lateral  crico-arytenoid  muscles  act  in  exactly  the 
opposite  manner.  \\y  drawing  the  muscular  processes  of  the  arytenoid  cartilages  forwai-ds 
and  inwards,  they  approximate  the  processus  vocales  and  close  the  rima. 

Closure  of  the  Larynx  during  Deglutition. — But  the  muscles  of  the  larynx 
have  another  function  to  perform  besides  vocalisation  and  regulating  the  amount  of  air 
passing  to  and  fro  through  the  glottis.  During  deglutition  it  is  requisite  that  the  com- 
munication between  the  pharynx  and  larynx  should  be  closed,  so  as  to  prevent  the 
fluid  or  solid  parts  of  the  food  entering  the  respiratory  jwissages.  Formerly  it  was  believed 
that  this  was  effected  by  the  folding  back  of  the  epiglottis ;  that  in  fact  the  epiglottis, 
durin<r  the  passage  of  the  food,  is  applied  like  a  lid  over  the  entrance  into  the  vestibule  of 
the  birynx.  The  observations  of  Professor  Anderson  Stuart  would  seem  to  indicate  that 
this  view  is  incorrect.  According  to  Professor  Stuart  it  is  not  the  anterior  wall  of  the 
vestibule  which  moves ;  the  epiglottis  stands  erect,  whilst  the-  posterior  wall  formed  by 
the  arytenoids  is  carried  forwards.  In  the  process  of  closing  the  laryngeal  entrance  the 
arytenoid  cartilages  are  closely  approximated,  glide  forwards,  and  are  then  inclined  towards 
the  epiglottis.  The  result  of  this  is  that  the  laryngeal  opening  is  converted  into  a 
T-8hai)ed  fissure.  The  mesial  limb  of  the  T  is  formed  by  the  interval  between  the  closely- 
applied  arytenoid  cartilages,  whilst  the  cross  limb,  which  lies  in  front,  is  bounded  anteriorly 
by  the  epiglottis  and  behind  by  the  aryteno-e[)iglottidean  folds.  The  ajnces  of  the 
arytenoid  cartilages,  with  the  ciirtilages  of  Sjintorini,  are  pressed  against  the  cushion  of 
the  epiglottis,  whilst  the  latenil  margins  of  the  epiglottis  are  pulled  backwanls  so  as  to 
make  the  tmnsverse  limb  of  the  fissure  distinctly  concave  in  a  backwanl  direction.  The 
muscles  chiefly  concerned  in  producing  these  movements  are  the  external  thyro-arytenoid 
and  the  tnuis verse  arj'tenoid  muscles.  These  form  a  true  sphincter  vestibuli.  The  thyro- 
ary-epiglottidean  muscles  also  come  into  play.  They  i)ull  uj^n  the  ej)iglottis  so  as  to 
produce  tight  applictition  of  its  cushion  to  the  arytenoid  ciirtilages  and  the  cartilages  of 
Suntorinl,  and  they  also  curve  its  margins  backwards  so  as  to  increas(»  its  posterior 
concavity. 

Vessels  and  Nerves  of  the  Larynx. — Two  hranchcs  of  the  vagus  ntTVe,  viz.  the  i*uperior 
laryngeal  and  the  i-ecurreut  larvngeal  nerves,  HU[)ply  the  lannix.  The  superior  laryngeal  divideH 
into  the  internal  and  ext<*rual  laryngeal  hranchee*.  The  external  laryngeal  nerve  .supj^lii-.s  the 
cri<!o-thyroid  nni»<de ;  whilst  the  internal  laryngeal  nerve  eiitei-s  the  larynx  hy  ])ier(iiig  the 
lateral  part  of  the  thyro-hyoid  membrane  to  .sup])ly  the  laryngeal  mucous  nu-mhrane.  The  re- 
current laryngeal  neiVe  reaches  the  larynx  fix)m  ImOow,  and  sn]ipli<r.s  all  the  intrin.sic  lar\Tigeal 
inuscle:^  with  the  oxcej)tion  of  the  crico-thyroid. 

The  saperior  larsrngeal  artery,  a  branch  of  the  su]K.Tior  tliynud,  accompanies  the  internal 
laryngeal  nerve ;  whilst  the  inferior  laryngeal  artery,  which  springs  from  the  inferior  thyroid, 
aco(>ni[>anies  the  recurn-nt  lar\nigeal  nerve^  These  two  vessels  ramify  in  the  laryngeal  wall  and 
supply  the  nmcous  membrane,  the  glands,  and  muscles. 

Growth-Alterations  and  Sexual  Differences  in  the  Larynx.— A  considerable 
amount  of  variation  may  be  noticed  in  the  size  of  the  larynx  in  different  individuals. 
This  is  quite  independent  of  stature,  and  explains  to  a  great  extent  the  dift'eteiM:^  vcw \\\v^ 
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j>itcli  of  the  voice  which  is  observable  in  different  persons.  But  quite  apart  from  the* 
individual  variations,  there  is  a  marked  sexual  diH'erence  in  the  size  of  the  larynx.  Tli* 
male  larynx  is  not  only  absolutely  but  also  relatively  larger  than  the  female  lar\^lx.  Thi^ 
is  noticeable  in  all  its  diameters,  but  more  j^articularly  in  the  antoro-jxwiterior  diameter, 
and  to  a  large  extent  the  increase  in  the  latter  direction  is  produced  by  the  strong  develop- 
ment of  the  laryngeal  angle  or  pomum  Adami  in  the  male.  Tlie  great  antero-pfisterinr 
diameter  of  the  male  larynx  necessarily  im})lies  a  greater  length  of  the  vocjil  eonls  a&l  a 
lower  or  deeper  tone  of  the  voice  than  in  the  female. 

In  the  newly-l>orn  child  the  larynx,  in  comparison  with  the  rest  of  the  lifxJy,  is  some- 
what large  (( ■.  L.  Merk(?r),  and  it  continues  to  grow  slowly  and  uniformly  up  to  the  sixth 
year  of  childhooil.  At  this  period  there  is  a  cessiition  of  growtii,  wliich  persists  iiiitii 
])ubcrty  is  reached,  and  then  a  stage  of  active  growth  supervenes.  I'p  to  this  time  tL 
larynx  in  both  sexes  is  similar  in  it-s  charactei's,  and  although  the  growth  which  now 
occurs  affects  both  the  male  and  the  female  larynx,  it  is  much  more  rapid  and  much  mi*»j 
accentuated  in  the  male  than  in  the  female.  As  a  result  of  this  the  voice  of  the  mat 
breaks  and  assiuiies  its  deep  tone. 

It  is  interesting  to  note  that  the  growth  activity  of  the  larynx  at  puberty  is  intimatelj 
connected  Avith  the  development  of  the  sexual  organs.  In  an  individual  who  has  l^ra 
castrated  when  young  the  lar\Tix  attains  a  size  which  exceeds  that  of  the  female  only  to 
a  very  small  degree,  and  the  high  pitch  of  the  voice  is  retained. 

Appearance  presented  by  the  Interior  of  the  Larynx  when  examined  by  tlie  Laryafo- 
SCOpe. — When  the  ciivity  of  the  larynx  is  ilhiminated  and  examinefl  by  the  laryngoe^-'opic  mim-r 
th»'  ])arts  which  surround  the  8UiH»rior  aperture  of  the  larynx,  as  well  as  the  interior  of  theorpn, 

come  into  viev. 
Not  only  this,  bu: 
wluMi  the  vocii 
con  Is  ar«  wivlch 
fivparatwl  it  in  j^f- 

11  sible  to  ins|>f«:t  ihr 
interior   of  th»- 

12  trachea  a^  low 
down  as  iii»  hi  fur 
catiun. 

In  such  on  fxa 
mi  nation       thr 

13  arched  uppt-r 
l)onier  of  the  ej'i- 
glottis  ojnstitui^- 
a  c«>nspicuni]r 
object,  whil^r. 
l>ehind  this,  rh^ 
bulging  oil  til'- 
anterior  wall  of  tlii- 
vestibule,  foriiu-1 
hy  the  ciishidu  *A 
the  epiglottii^,  mav 
coustituteafeaiuiv 
of      tlie     jiictnrv. 

Tin-  uu(U\\v  glossD-i'jiiglottidean  liganieut,  with  the  vallecular  foissa  on  either  side  of  ir,  cau  aU 
br  inspiM-ted  in  the  iiit«.'rval  betwven  the  epiglottis  and  the  l>ase  of  the  tongue.  The  sharp  arv- 
I'piglottidLNUi  fuMs  aiv  clearly  visfble,  and  in  the  back  portion  of  eacli  of  these  cau  Ite  .«oen  ilV- 
two  pmiiiineut  tulK-rcles  which  an*  formed  by  the  enclosed  ouueifonn  cartilage  and  the  carlilaj^ 
of  Santorini.  l^chind  these  tulx-rcles  is  the  poat^Tior  wall  of  the  pharynx,  whilst  to  their  oiitir 
side  tlje  iW]}  simis  pyi'iforniis  may  bo  si-en.     In  the  interior  of  the  larynx  the  false  and  the  tni- 


Fi. 
A.  The  ririiJi 


^'lottiilis  closed. 


A  H 

t>H2.— CwrTY  OK  THK  Larynx.  as  sifii  by  means  of  tlic  laryngoscope. 

H.  The  riiua  ^lottidis  widely  open. 
r».  I j»rynp«al  sinus.  lo.  nas«^  of  tongiir. 

«5.  Valleonla.  u.  EpfKlotti*. 

7.  Trm*  vwnl  c<ii\l.  12.  False  viK-al  cord. 

s.  Cushion  of  i']»-lottis.  18.  Cuneifonn  tulM»rrIf. 

i».  Miihlh'glosso-fpJK'lotti'h'an  foM.     14.  Tubeit'lc  of . Santorini. 


1.   Ilinns  i)f  till-  tnichi.-a. 
•J.    I*rrM"iwsiis  V(Mralis  of  thu 

urytrnoitl  wirtiluK''. 
■i.  Aiylfno-cjiij^lritticlpan  fol 
4.  Sinus  pyrift^rinis. 


fiinale  than  in  the  male.  The  uiitliiie.  and  yellowish  tinge  of  tlie  processas  vticalis^at  n>  atl*li- 
iiM'iil  t<i  the  liiir  vni.al  eonl,  as  wl-U  as,  to  a  Vli^dit  extent,  the  outline  of  the  fore  juirt  of  the  haaC 
t>\'  llu'  aryti'iioid  i'artihi«:e,  can  in  a  successful  laryngo.seopic  examination  be  made  out  The  trn-. 
viM-al  nirds  dm  iii^'  onliiiary  inspiration  an>  s<-ldom  at  i-est,  and  with  the  la^5^lffoscope  their  m«»v.- 
in.-nl>  iiiM>  be  -tU'iiiil.  li  .shouhl  l>e  U)rne  in  mind  that  the  picture  afforded  by  the  lar\TigOpifi- 
d«M's  nnt  •,'iv.-  a  true  id»-a  (.f  the  h-vel  at  which  thediffeix-nt  parts  lie.  The  cavity  apiH^ani  givatly 
shortened,  ;ind  il-  di-pth  rlimjnished. 


THE  TRACHEA. 
The-  trachea  or  windpipe  is  a  wide  tube  which  is  kept  permanently  patent  by 
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TtifTold  eATtlti^i- 


Ci'iNhthjrniliJl  mi'mbniiie 


I.  rfeold  CArtllAfEP 


i^thmtiH  of  thyroid  b<xly 


Qi^miuoti  cijtilld  irt«0' 


.  series  of  cartilaginous  rings  embedded  in  its  wall  These  rings  are  deficient 
loeteriorly,  and  consequently  the  tube  is  not  completely  cylindrical:  its  hinder 
i?all  is  flattened.  The  trachea  begins  above  at  the  lower  border  of  the  cricoid 
tdrtilage,  and  opposite  the  lower  margin  of  the  sixth  cervical  vertebra.  From  this 
t  extends  downwards  through  the  lower  part  of  the  neck  into  the  superior  media- 
itinum  of  the  thorax,  in  which  it  ends  at  the  level  of  the  upper  border  of  the  fifth 
lorsal  vertebra  by  dividing  into  the  right  and  left  bronchua  The  length  of  the 
orachea  in  the  male  is  from  four  to  four  and  a  half  inches,  and  in  the  female  from 
fhree  and  a  half  to  four  inches,  but  even  in  the  same  individual  it  varies  consider- 
ibiy  in  length  with  the  movements  of  the  head  and  neck. 

The  lower  end  of  the  trachea  is  fixed  in  position.  This  is  a  necessary  provision  to 
prevent  dragging  on  the  roots  of  the  lungs  during  movements  of  the  head  and  neck. 
the  remainder  of  the  tube 
8  surrounded  by  a  quantity 
if  loose  areolar  tissue,  and 
possesses  a  considerable  amount 
>f  mobility.  Further,  its  wall 
s  highly  elaistic,  and  thus 
when  the  head  is  thrown  back 
^he  tube  elongates  through 
itretching,  and  when  the  chin 
B  depr^sed  its  length  is 
liminished  by  the  recoil  of  its 
roll. 

The    trachea    does  not 

S>re8ent  an  absolutely  uni- 
orm  calibre  throughout  its 
whole  length.  About  its 
middle  it  exhibits  a  slight 
expansion  or  dilatation,  and 
from  this  the  calibre  dimin- 
ishes in  an  upward  and  a 
downward  direction.  Close 
to  the  bifurcation  it  is  again 
slightly  expanded  (Braune 
and  Stahel). 

These  differences  in  the 
salibre  of  the  tube  are  de- 
termined by  the  surroundings 
jf  the  trachea.  The  upper 
part  is  narrowed  through  its 
being  clasped  by  the  thyroid 
body.  Further,  a  short  dis- 
tance above  the  bifurcation 
gin  impression,  sometimes 
strongly  marked,  is  usually 
seen  on  the  left  side  of  the 
trachea.  This  is  due  to  the 
close  contact  of  the  aortic 
Birch  as  it  passes  backwards 
against  this  part  of  the  tube. 
It  is  evident  therefore  that 
the  second  slight  diminution 
in  calibre  which  is  described 
by  l^raune  and  Stahel  is  pro- 
duced by  the  proximity  of 
the  aorta.  I-^ejars  gives  the 
average  antero- posterior  dia- 
meter  of  the  trachea  in  the 

living  person  as  11  mm.,  and  the  transverse  diameter  as  1 2*5  mm. 
the  lumen  of  the  tube  is  considerably  greater. 


Pulmonary  artery 

Fig.  693.— Thr  Trachea  and  Bronchi. 
Tlie  thyroid  bo<ly  is  indicated  by  a  dotted  line  and  a  purple  tint. 


In  the  dead  subject 
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The  trachea  adheres  rigorously  to  the  median  line  except  towards  its  lower  end. 
where  it  deviates  very  slightly  to  the  right.  As  it  descends  it  recedes  rapidly 
from  the  surface.  This- is  due  to  its  following  the  curvature  of  the  vertebral 
column,  from  which  it  is  separated  hy  the  cesophagus  alone. 

Relations  of  the  Trachea 

^-.'''  '^^^^      Tlij  miJ  t)ij<ly 


I^'ft  eulllllinli 


Va>?ti 


Ctiiiiuioii  canHiil  artery 

tnft^rfor  t  hyn)iil  arttry 
HHciurent  laryngeal  imt^'h 


JiiTi>Miiiiiat«»Hrt<>ry 
Q—  V.iyuM  nerve 


siibirlaviun  arl«Ty  V   *J^ 
Tlioniric  tlnct 


Vajjus  iierv 
Nubclavuiii  art  fry 

I^ifl  n*curn?ul 
larynpMl  ner\ 


— In  the  study  of  the  rela- 
tions of  the  trachea  it  is  con- 
venient to  consider  it  in  the 
two  stages  of  cervical  and 
thoracic. 

When  the  chin  is  held  so 
that  the  face  looks  forwank 
the  cervical  part  of  the 
trachea  measures  from  2  to 
2i  inches  in  length;  hut 
when  the  head  is  thrcmn 
})ack  the  length  is  consider- 
ably increaseoL  In  its  uppier 
part  the  trachea  is  clasped  l>r 
the  thyroid  body,  the  isthmus 
of  which  is  applied  to  its 
anterior  surface,  and  covers 
the  second,  third,  and  fourth 
rings,  whilst  on  each  side 
the  lateral  lobe  of  the  same 
body  is  applied  to  its  lateral 
surface,  and  extends  down- 
wards as  low  as  the  fifth  ring. 
On  either  side  of  the  cen'ical 
trachea  is  the  common  carotid 
artery,  whilst  the  recurrent 
laryngeal  nerve  ascends  in 
the  groove  l)et\veen  the 
trachea  and  the  cesophaguf^ 
Posteriorly  the  trachea  is  in 
relation  to  tlve  oesophagus, 
which  intervenes  between  it 
and  the  bodies  of  the  vert«- 
brie,  and  deviates  somewhat 
to  tlie  left  as  it  descends. 

In  addition  to  the  isthmus 
of  the  thyroid  body  two  thin 
muscular  strata,  composed  of 
the  stemo-hyoid  and  sterno- 
thyroid muscles,  and  also  the 
deep  fascia  and  integument, 
seimrate  the  cervical  trachea 
from  the  surface.  In  the 
middle  line  of  the  neck  there 
is  a  narrow  diamond-sha}ied 
simce  between  the  inner 
margins  of  these  muscles, 
within  which  the  trachea  is 
merely  covered  by  the  intej^ni- 
ments  Jiml  fascia*.  It  is  imixirtant  to  note  that  in  the  lower  part  of  the  net'k 
th(»  dw\)  cervical  fascia  is  in  two  layers — viz.  a  strong  stratum  applied  to  the  anterior 
surface  of  the  st<»ruo-hyoiil  and  sterno-thyroid  nmscles,  and  a  weaker  superficial  laver 
strctcliiu':  across  between  the  two  sterno-mastoid  muscle&  Beneath  these  muscular 
uml  faacm]  layers  the  inferior  thyroid  veins  descend  on  the  surface  of  the  trachea. 


Thoraric  jIucI 


EiNirt^riuI  linnicliUK 
VajriiK  iiervi' 
Hi'onrliinl  arti'ry 
ena  azypts  major 


Fni.  OlM. — TuAN.svER.SK  SKiTinNs  tlirough  the  trachea  and  its  iniiiH*- 
(liute  surroiiiidiiigji  at  the  U*vcl  of  each  of  the  upiH»r  live  doi-siil 
vertt^bni'. 
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ad  sometimes  the  occasional  thyroidea  ima  artery  passes  upwards  in  front  of  the 
ibe.  At  the  upper  border  of  the  manubrium  sterni  the  innominate  artery  may 
e  seen  crossing  the  trachea  obliquely. 

The  thoracic  part  of  the  trachea  is  situated  in  the  back  part  of  the  superior 
lediastinum,  being  separated  from  the  bodies  of  the  vertebra3  by  the  a*,sophagus 
lone.  Immediately  above  its  bifurcation  the  deep  cardiac  plexus  of  nerves  is 
laced  in  front  and  on  either  side  of  the  trachea.  At  the  level  of  the  fourth  dorsal 
ertebra  the  aortic  arch  is  very  intimately  related  to  it.  At  first  in  front  of  the 
iibe,  the  aortic  arch  passes  backwards  in  close  contact  with  its  left  side.  The 
hree  great  vessels  which  spring  from  the  aortic  arch  are  also  placed  in  close  proximity 
0  the  trachea.  The  innominate  and  left  common  carotid  arteries,  at  first  in  front, 
radually  diverge  as  they  proceed  upwards  and  come  to  lie  on  either  side  of  the 
iibe — the  innominate  to  the  riglit,  and  the  left  common  carotid  to  the  left.  In 
rent  of  these  vessels  are  the  left  innominate  vein  and  the  remains  of  tlie  thymus 
<xiy.  On  the  right  side  the  thoracic  part  of  the  trachea  is  in  relation  to  the  right 
agus  nerve,  and  is  clothed  by  the  right  mediastmal  pleura ;  on  the  left  side  are 
he  left  subclavian  artery  and  the  left  recurrent  laryngeal  nerve. 

Structure  of  the  Wall  of  the  Trachea. — The  wall  of  the  trachea  and  bronchi  is 
omposed  of  (1)  a  fibro-elastic  membrane  in  which  the  cartilaginous  rings  are  embedded  ; 
2)  within  this,  and  ou  the  posterior  aspect  of  the  tube,  a  layer  of  muscular  tissue,  termed 
he  musculus  trachealis ;  and  (3)  the  lining  mucous  membrane. 

The  flbro-elastic  membrane  is  strong  and  dense,  and,  passing  round  the  whole  circum- 
erence  of  the  tube,  it  becomes  continuous  superiorly  with  the  perichondrium  which 
avests  the  cricoid  cartilage.  Embedded  in  its  substance  are  the  series  of  cartilaginous 
ings.  These  vary  in  number  from  15  to  20,  and  are  composed  of  hyaline  cartilage. 
They  are  horseshoe-shaped,  the  posterior  fourth  of  the  circumference  being  deficient,  so 
hat  behind,  each  ring  ends  in  two  rounded  extremities.  The  external  surface  of  a  tracheal 
ing  is  flat  and  even,  and  does  not  project  much  beyond  the  level  of  the  membrane  in 
^hich  it  is  embedded ;  the  inner  surface,  however,  is  convex  in  the  vertical  direction,  and 
onsequeutly  it  bulges  slightly  into  the  lumen  of  the  trachea. .  The  intervals  between  the 
ings  are  somewhat  narrower  than  the  rings  themselves,  and  neighbouring  rings  frequently 
how  a  more  or  less  complete  fusion,  whilst  others  present  other  irregularities,  such  as  a 
endency  to  bifurcate.  Tlie  lowest  ring  is  specially  adapted  to  the  tracheal  bifurcation. 
n  the  middle  line  in  front  it  inclines  downwards,  and  from  this  median  peak  a  cartilaginous 
trip  is  carried  backwards  in  the  fork  between  the  two  bronchi. 

The  musculus  trachealis  is  a  continuous  layer  of  involuntary  muscular  tissue  placed 
n  the  posterior  part  of  tlic  wall  in  front  of  the  fibro-elastic  membrane.  Tiie  muscular 
lundles  are  arranged  transversely,  and  are  attached  to  the  extremities  of  the  rings,  and 
.lao  to  the  deep  surface  of  the  rings  for  a  short  distance  beyond  their  extremities.  In  the 
Qtervals  between  the  rings  the  transverse  muscular  bundles  are  attached  to  the  fibro- 
lastic  membrane.  It  is  evident  that,  by  its  contraction,  this  muscle  will  reduce  in  a 
narked  degree  the  lumen  of  the  tube. 

The  mucous  membrane  is  laid  smoothly  over  the  interior  of  the  tube  upon  a  layer  of 
iibmucous  areolar  tissue.  Lymphoid  tissue  enters  largely  into  the  composition  of  the 
racheal  mucous  membrane,  and  its  inner  surface  is  lined  by  columnar  ciliate<l  epithelial 
ells.  The  action  of  the  cilia  exercises  an  important  influence  in  producing  an  upward 
uovement  of  the  mucus  which  is  present  on  the  surface  of  the  mucous  membrane. 

Numerous  longitudinal  bundles  of  elastic  tissue  are  present  in  the  posterior  wall  of 
he  trachea,  more  particularly  in  its  lower  part,  between  the  nuicous  membrane  and  the 
nusculus  trachealis. 

In  connexion  with  the  mucous  membrane  there  is  a  plentiful  supply  of  acinose  mucous 
glands.  These  are  placed  in  the  submucous  tissue,  and  also  on  the  posterior  asi)ect  of  the 
,ube  on  the  exterior  of  the  musculus  trachealis  as  well  as  amidst  its  muscular  bundles. 
rhey  send  their  ducts  to  the  surface  of  the  mucous  membrane,  where  they  open  by 
inimpet-shaped  mouths. 

THE  BRONCHI. 

The  two  bronchi  proceed  obliquely  downwards  and  outwards  from  the  termina- 
iion  of  the  trachea,  each  towards  the  hilum  of  the  corresponding  lung.  Like  the 
.rachea  they  are  kept  permanently  patent  by  the  presence  of  cartilaginous  rings  in 
heir  walls.     Tliese  rings  are  deficient  posteriorly,  so  that  the  bronchi  exhibit  a 
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flattened  posterior  surface  in  every  respect  similar  to  the  trachea.  The  two 
bronchi  differ  from  each  other,  not  only  in  the  relations  which  they  present  to  sur- 
rounding structures,  but  also  in  length,  in  width,  and  in  the  direction  which  thev 
pursue  (Fig.  693,  p.  973). 

The  first  collateral  branch  arises  from  the  right  bronchus,  much  nearer  the 
trachea  than  in  the  case  of  the  left  bronchus.  It  is  this  which  determines  the 
length  of  these  primary  divisions  of  the  trachea,  and  although  there  is  much  varia- 
tion in  this  matter,  it  may  be  said  that,  as  a  rule,  the  left  bronchus  is  at  least  twice 
as  long  as  the  right  bronchus.  According  to  Henle  there  are  from  six  to  eigh: 
rings  in  the  right  and  from  nine  to  twelve  rings  in  the  left  bronchus.  A  markd 
difference  is  also  noticeable  in  the  calibre  of  the  two  tubes.  The  right  bronchus 
is  wider  than  the  left  in  the  proportion  of  100 :  78*4  (Braune  and  Stahel),  and  this 
asymmetry  is  clearly  due  to  the  fact  that  the  right  lung  is  more  bulky  than  tk 
left.  The  right  bronchus,  as  it  passes  towards  the  hilum  of  the  right  lung,  take^ 
a  more  vertical  course  than  the  left  bronchus.  It  therefore  lies  more  in  the  liiie 
of  the  trachea,  and  to  this,  as  well  as  to  its  greater  width,  is  due  tlie  greater 
tendency  which  foreign  bodies  exhibit,  when  introduced  into  the  trache-a,  to  drop 
into  the  right  in  preference  to  the  left  bronchus.  The  average  angle  which  tlie 
right  bronchus  forms  with  the  median  plane  is  24*8°,  whilst  the  angle  formed  l>y 
the  left  bronchus  with  the  median  plane  is  45*6'".  The  more  horizontal  course  ol 
the  left  bronchus  is  probably  determined  by  the  marked  projection  of  the  heart  Vj 
the  left  side  of  the  mesial  plane  (Merkel). 

Relations  of  the  Bronchi — Arching  forwards  over  the  right  bronchus  is  the 
vena  azygos  major,  whilst  arching  backwards  over  the  left  bronchus  there  l-» 
the  arcli  of  the  aorta.  Occupying  the  interval  between  the  bronchi  there  is  a 
cluster  of  bronchial  lymphatic  glands,  and  an  irregular  chain  of  similar  glands  is 
carried  along  each  tube  towards  the  hilum  of  the  lung.  On  the  posterior  aspect  of 
each  bronchus  the  vagus  nerve  breaks  up  into  the  posterior  pulmonary  plexus,  whilst 
the  left  bronchus,  as  it  proceeds  downwards  and  outwards,  crosses  in  front  of  the 
oesophagus  and  the  descending  thoracic  aorta.  But  perhaps  the  most  interesting 
relation  is  that  presented  on  each  side  by  the  corresponding  pulmonary  artery.  On 
the  left  side  the  pulmonary  artery  crosses  in  front  of  the  left  bronchus  above  the 
level  of  its  first  collateral  branch,  and  then  turns  round  its  outer  side  to  gain  its 
posterior  aspect.  All  the  left  bronchial  branches,  therefore,  are  placed  below  the 
left  pulmonary  artery,  and  are  in  consequence  termed  hyparteriaL  The  right 
pulmonary  artery,  on  the  other  hand,  crosses  in  front  of  the  continuation  of  the 
right  bronchus  below  its  first  collateral  branch.  This  branch  is  therefore  termeil 
the  eparterial  bronchus,  whilst  all  the  others  are  classified  as  hyparteriaL 

Structure  of  the  Walls  of  the  Bronchi.— The  walls  of  the  bronchi  present  a 
structure  similar  to  that  seen  in  the  trachea. 

THE  THOEACIC  CAVITY. 

A  central  vertical  partition,  termed  the  mediastinum  thoracis,  which  extenik 
from  the  vertebral  colunm  behind  to  the  anterior  thoracic  wall  in  front,  subdivides 
the  thoracic  cavity  into  two  large  lateral  chambers  which  contain  the  lungs.  From 
the  fact  of  each  of  these  chambers  being  Hned  by  an  extensive  and  separate  serous 
membrane  calletl  the  pleura,  they  receive  the  name  of  the  pleural  cavities. 

The  mediastinum  or  intervening  partition  is  built  up  of  several  structures 
which  lie  in  or  in  close  proximity  to  the  mesial  plane.  The  more  important  of 
tliese  are  the  heart,  enveloi)ed  in  its  pericardium,  the  thoracic  aorta,  with  the  grejit 
vessels  which  spring  from  its  arch,  the  pulmonary  artery,  and  the  great  veins  in 
the  neighbourhood  of  the  heart,  the  thymus  gland  or  its  remains,  the  trachtsi, 
cesophagus,  and  thoracic  duct,  and  the  pneumogastric  and  phrenic  nerves. 

The  pleural  cavities  in  which  the  two  lungs  lie  comprise  much  the  largest  iMurl 
of  the  thoracic  cavity.  Each  is  bounded  below  by  the  corresponding  cup<Ma  of  the 
diaphragm ;  and  as  the  right  cuix)la  rises  to  a  higher  level  than  the  left,  the  right 
])leural  cavity  presents  a  smaller  vertical  depth  than  the  left.  In  fronts  the  wall 
o^  each  pleural  chamber  is  formed  by  the  costal  cartilages  and  the  sternum: 
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Uerally,  by  the  shafts  of  the  ribs  and  the  intercostal  muscles  as  far  back  as  the 
Dgles  of  the  ribs ;  behind,  by  the  portions  of  the  ribs,  with  the  intervening  inter- 
Dstal  muscles,  which  lie  internal  to  the  costal  angles ;  and  internally,  by  the  bodies 
f  the  vertebrae  and  the  mediastinal  partition  which  completely  shut  off  the  one 
bamber  from  the  other. 

The  mediastinum  is  not  median  in  position.  Owing  to  the  marked  projection 
f  the  heart  to  the  left  side,  and  to  the  position  of  the  descending  thoracic  aorta  on 
le  left  side  of  the  mesial  plane,  the  left  pleural  chamber,  although  it  is  deeper 
lan  the  right,  is  greatly  reduced  in  width.  The  two  pleural  cavities,  therefore, 
re  very  far  from  being  symmetrical  in  form. 

Each  pleural  cavity  is  completely  lined  by  a  separate  serous  membrane  termed 
le  pleura.  The  portion  of  tliis  membrane  which  clothes  the  mediastinum  or 
itervening  partition  forms  the  lateral  boundary  of  a  space  termed  the  mediastinal 
p  interpleural  space,  within  which  the  parts  which  build  up  the  mediastinum  are 
laoed. 

THE  TWO  PLEURAL  MEMBRANES. 

The  pleura  or  pleural  membrane  of  each  side  not  only  lines  the  corresponding 
leural  cavity,  but  at  the  pulmonary  root  it  is  prolonged  on  to  the  lung  so  as  to 
ive  it  a  complete  investment.  It  is  customary,  therefore,  to  recognise  a  visceral 
r  investing  part  (pleura  visceralis)  and  a  parietal  or  lining  part  (pleura  parietalis). 
he  inner  surface  of  the  membrane  {i.e,  that  surface  which  is  turned  towards  the 
iterior  of  the  cavity)  is  coated  with  squamous  endothelium,  and  presents  a  smooth, 
listening,  and  polished  appearance ;  further,  it  is  moistened  by  a  small  amount  of 
jrous  fluid.  In  consequence  of  this  the  surface  of  the  lung  covered  by  visceral 
leura  can  glide  on  the  wall  of  the  cavity,  lined  as  it  is  by  parietal  pleura,  with  the 
ast  possible  degree  of  friction.  In  the  pathological  condition  known  as  pleurisy 
16  surface  of  the  membrane  becomes  roughened  by  inflammatory  exudation,  and 
le  so-called  "  friction  sounds "  become 
ddent  when  the  ear  is  applied  to  the 
lest. 

Visceral  Pleura.  —  The  visceral 
ieura  is  very  thin,  and  is  so  firmly 
>und  down  to  the  surface  of  the  lung 
lat  it  cannot  be  detached  without 
ceration  of  the  pulmonary  substance, 
id  then  only  in  small  pieces.  It 
pe  into  the  fissures  of  the  lungs, 
aes  them  down  to  the  very  bottom, 
id  thus  completely  separates  the  dif- 
rent  lobes  of  the  lungs  from  each  other. 
he  visceral  pleura  becomes  continuous 
ith  the  mediastinal  part  of  the  parietal 
eura  over  the  root  of  the  lung,  and 
so  through  the  ligamentum  latum 
ilmonis. 

Parietal  Pleura. — Different  names 
e  applied  to  the  parietal  pleura  as  it  lines  the  different  parts  of  the  wall  of  the 
,vity  in  which  the  lung  lies.  Thus  there  is  the  costal  pleura,  the  diaphragmatic 
eura,  the  mediastinal  pleura,  and  the  cervical  pleura ;  but  it  must  be  borne  in 
ind  that  these  tenns  are  merely  used  for  convenience  in  description,  and  the 
irtions  of  the  membrane  so  designated  are  all  directly  continuous  with  each 
her. 

The  cervical  pleura  rises  up  into  the  root  of  the  neck,  through  the  superior 
>erture  of  the  thorax,  and  forms  a  dome-shaped  roof  for  the  pleural  cavity.  Its 
muiit  or  highest  point  reaches  the  level  of  the  lower  l)order  of  the  neck  of  the 
at  rib ;  but  owing  to  the  great  obliquity  of  the  first  costal  arch,  this  point  is 
aced  from  one  to  two  inches  above  the  anterior  extremity  of  the  first  rib,  and 
)m  a  half  to  one  and  a  half  inches  above  the  clavicle.  The  cervical  doiSL^^  <^^ 
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FiQ.  695.— Diagram  showing  Arranoement  of 
Pleural  Sacs,  as  seen  in  transverse  section. 
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Lt*ft  «ihfl*vliiii  attr!  n 
I^ft  liinrtiiilndte  vein 


retiectioti'linea  ara  subject  to  nmrkeil  variations  m  tlilTerent  ^ubjcctB.     (VinscqucBUyUttl 
followiuj^'  (li-jicription  must  be  re^^ardcd  its  niertjly  giving  the  nvcmgc  cotKiition. 

TiiL'  posteriar  or  vertebral  line  of  pleumi  reflection  In  that  alotitj  wUich  the  criwuil  plimrt^ 
is  oontiuued  forwarJs  from  the  vertebml  eoliiuiii  to  Wcomt'  tbe  tiitMliawiiiuti  jjb 
tbe  rif;/ti  jfw/f,  abuvo  tbc  rixit  of  the  lung,  tho  pleum  |>iiJij!<e^  from  the  bi>dit.*»  i*f  tl" 
on   to  the  right   wide  of    the    tmebutt;    whilst  bulow  this   level,   iiud    bcf: 
mr^Jium,  it  [wissee  from  the  verti*britl  bodies  on  to  the  Qiso|ibi]igus.     n»  th' 
alx>ve  the  areh  of  the  iwrtu  the  pleuni  ishmg  thii^  line  of  reflection   in  cjirrifHJ  tm; 
vortelmd  coiumTi  onto  the  teeophiigiLs  ami  tlinracic  tbiet;  below  that  Icvil  it   i  ^ 
to  the  desceuding  thoracic  ttorta.     In  the  npfxir  pari  of  tlje  ehest  the   i 
linea  of  ryflectjon  are  placed  well  ap»art  frum  each  utlier,  and  about  efjuidiKL.... 

meKiiil  |»biue,      A 
tnieed     dtiwtivrwiiiv 
lipproiict)    taorc  eh'i< 
eiivh   other  and  d**v 
Xhi}  left,  HO  that  \^hi 
rejection  oti  ih*.*  rs*ji 
takctt  place  from  the 
itttpt'ct     uf     the     \v 
bfidiL's,   uti   the  fr/i 
tnkes  place  from   tbt^  h\ 
ttajiect    of     the     %ertel 
col II ni II*      TUb    tai  due 
the  position  of  ihed 
ing  thorucie  aort^i, 

1iiL*    anterior  liEt 
plaoral  reaectJom  i? 
alaog    wbicb     the 
ploitra  lo>^vf"«  thv 
'  tXJitnr 

linw  ditreni  soniew 
the  two  sUiv%  and  ta 
cases  sticiwi^  a  ttiudej 
deviate  to  tbeleft  (Fi 
p.  J^TH).  Behmatbc 
part  of  the  nmnn 
^temi  tbt*  i\\t\  picu 
are  Bepuniti^l  fri>m 
other  by  an  ftn^^ol'ir  inter- 
val. Tboliiji  im 
at  the  iidet  *  i 't!U 
i.t«t.i.n<irtn  *^^<>m'«f«>ud  to  the  tm^ 
dnvictUar  joints.  From 
these  [K^irits,  rj^  ti»y  ftft 
traced  dowawania,  likcj 
converge  on  the  liack  <»f  tii 
matiubriuin,  on  til  at  bA 
they  meet  a  nhort  dbtJUM 
above  the  upper  end  of  tlw 
glad iol  118,      Horr^   the  titc 

caeb  oth**r,  ai^ 

reflect  ion  coincide,  inxm 

thia    tbey    prot^evd  doiru- 

BriwEi-T  HAanwsED  aY^  KoititALtN-  wartJij  on  the  l^ack  iif  Ibt' 


s  oymmi  iuto  by  tl.o  rL^moTal  of  Ui«  ca.tul  p«t  ^f  tliir  imil.Ul  stern nm,  with  a  sllVht  de^ 
Vlw  luag  haa  iil>io  been  removed  m  as  to  dbplny  thu  niBlin*   ,  *„.:   .     .      .-  *^ 

.,tf»  viatioo  to  t 


eSS.—  Lfirr  Pi^rTijtL  Sac 

stttiAl  pkum.  viatioo  to  the  left  of  tlnf 

mesial  ph'*'-    '■'■»'!   •  ^r*mi 
itnmediutely  above  tlie  ievel  of  the  sternal  att^icbmeuta  of  the  finitth  i  iu 

reached,  and  here  the  two  sacs  part  company.     The  line  of  reflection  of  tin-  m 

continue*!  liownwrmk  in  a  stmight  line  behind  the  stenuim  until  the  Iwek  ni  m 

cartihi^e  is  reached »  and  here  the  stenial  rcHection-line  pmaen  nito  the  rit^bt  duu^iuj^iaAlifi 
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»tlectioii*lme*  Opposite  the  internal  attaebttient  of  the  fourth  eostal  cartilage  the  reflection 
mv  uf  the  lf/$  jilem^  devtatea  outwardti  on  the  Iwick  of  the  wtermim,  atid  is  coDtintied 
town  wards  at  a  variuble  diatfince  from  the  right  pleura.  A  sniHll  triangiikr  areii  of 
leriearditim  is  thii=j  left  iiiicovcred  by  pleura,  and  therefore  in  direct  criutaet  with  the 
interior  ehest^wali.  Leaving  t!ie  sterunni,  the  refJeetiDiiliije  of  the  left  pleura  descends 
parallel  and  clo8e  to  the  left  njargiti  of  the  atemum  bt^hiud  the  fourth  intercostal 
fjace,  the  fifth  costal  oartilage  and  the  fifth  intercostal  spRce,  to  the  back  of  the  sixth 
ostal  cartilage.  H  e  re 
t  tumfi  outwardti  and 
[own  ward  ^  and 
msam  into  the  dia- 
ihrKgmatic  reflee- 
ioii-line  of  the  left 
Me. 

From  the  back  of 
►lie  st*ruum  the  rt(jht 
dettra  in  retiected  in 
1)0  upper  part  of  the 
?hest  on  to  the  tg- 
H&inii  of  the  thymus, 
e  right  iunoniinate 

and  the  (superior 

cava,  and  below 

Is   direutly    on    to 

Wnt  of  the  peri- 

um.       The    hft 

t  h  refieeted 
mm  the  back  of  the 
naniibriuQi  stemi  ou 
>o  the  left  innouiimite 
rein  iiml  the  aortic 
\Ttih^  and  below  this 
irectly  on  to  the 
ivint  of  the  pcri- 
laniinm. 

Tbe  diaphragma 
ic  Une  of  redection 
B  that  along  which 
lie  pleura  leavca  the 
iior.irie  wall  and  is 
^tlccU'd  tin  to  the 
ipper  liiirfiMje  uf  the 
japbragm.  This 
^floetiuti  takes  j ilaee 
4img  a  curved  line, 
rhicb,  except  behind 
L«  it  appmacbcs  the 
rrrt  el  i  ral  col  u  ni  u^  h 
>1ace<l  a  bhort  ditt- 
anee  aVw^vy  the  low  er 
loitier  of  the  thonieic 
I' alL  It  d  iflers  sonie- 
rhat  on  the  two  i^ides 
if  the  IwmIj, 

^)n   the  /fj/>  utie  the  diapliragtnalie  line  of  reileetiun  jjnjctedw  downwaMs  liK^bind   the 

ding  ^Kirt  of  the  sixth  cotital  cartihige,  c^jftHus  bebitni  the  auteritir  end  of  Lht.'  sixth 
ht4>reostal  wpitce  j*nd  tlte  descending  part  at  lIr*  cartilage  of  the  seven tb  rib  (Fig,  (i!J>') 
Jtill  continuing  to  descend,  it  pai^ises  behind  the  eighth  costal  arch  at  the  junction  belui  .  ii 
tM  cartilaginous  and  tiony  portions.  Tbi?*  m  a  fairly  constant  relation  on  liolh  stdcr^  of  tlie 
Hni}\  and  it  should  la^  n«ited  ttmt  a  vertical  line  drawn  downwards  from  the  nippU?  (omTn- 
Hillary  line)  int^'rsects  the  line  of  pleuraj  reHectiim  close  to  the  p»int  where  it  presents  ihia 
Illation  to  the  eighth  cotital  arch,  (beyond  this  jx^lnt  the  line  of  diaphmgmatic  retloe- 
ion   is  carrJe*!   downwards  and  out  wank  acroKii  the  eitremitioi*  of  the  bony   |K)rtioue 


Fig.  tiftW,— DiasEtTtoN  ay  Tut  PLrriui.  ^acs  iiwm  Bkuijiij, 
T!i«  lilue  lit)(rt  iwilityile  thp  otttllii«a  mn\  rhr  ti«mfi!)i  ut  Ihe  Jung*, 
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of  tlie  ninth  and  tenth  ribs.  As  it  passes  under  cover  of  the  tenth  rib,  or  it  may  be  &s 
it  |)i*occeds  across  the  tenth  intercostal  space,  the  line  of  pleural  reflection  reaches  iu 
lowest  point,  and  it  is  important  to  observe  that  this  point  lies  in  the  mid-lateral  line  (ix. 
a  vertical  line  drawn  downwards  on  the  side  of  the  chest  midway  between  spine  and 
sternum).  From  this  it  ascends  slightly  as  it  curves  backwards  towards  the  spine.  Thus 
it  cuts  across  the  eleventh  rib  and  reaches  the  twelfth  rib.  The* relation  which  it  presents 
to  the  twelfth  rib  varies  in  accordance  with  the  length  of  that  rib.  When  the  last  rib  i* 
not  abnormally  short  the  pleum  clothes  its  inner  half,  and  the  line  of  reflection  falls 
below  this  portion  of  the  rib  so  as  to  reach  the  spine  midway  between  the  head  of  the  last 
rib  and  the  transverse  process  of  the  first  lumbar  vertebra  (Fig.  699).  Here,  therefore, 
the  line  of  diaphragmatic  reflection  falls  below  the  lower  border  of  the  thoracic  wail, 
and  this  is  a  point  of  high  practical  importance.  In  operations  upon  the  kidney  the 
incision  cannot  be  carried  above  the  level  of  the  transverse  process  of  the  first  liunbar 
vertebra  and  the  ligamentum  arcuatum  externum  without  the  risk  of  wounding  the  pleura. 

On  the  ri(/ht  sitle  the  line  of  diaphragmatic  pleural  reflection  difl'ers  from  that  on  the 
left  chiefly  in  front  (Fig.  697,  p.  979).  Here  it  descends  to  a  lower  level.  Thus  it  pnv 
ceeds  outwards  and  downwards  from  the  back  of  the  ensiform  cartilage  along  the 
posterior  aspect  of  the  ascending  part  of  the  seventh  costal  cartilage,  and  it  passes  beneath 
the  eighth  costal  arch,  as  a  rule,  at  the  same  point  as  on  the  left  side,  viz.  at  the  junctioD 
of  its  cartilaginous  and  bony  parts.  From  this  backwards  to  the  spine  the  relations  are 
so  similar  to  those  of  the  left  side  that  a  separate  description  is  unnecessary. 

It  is  commonly  stated  that  the  left  pleural  sac  reaches  a  lower  level  than  the  right. 
In  certain  cases  there  is  no  doubt  that  it  does,  but  this  condition  is  by  no  means  the  rule. 
In  those  cases  where  the  two  pleural  sacs  do  not  reach  the  same  level  at  their  lowest 
points,  it  is  sometimes  the  right  and  sometimes  the  left  pleura  which  oversteps  the  mark. 

As  already  stated,  the  lowest  point  to  which  the  pleura  descends  is  usually  found,  on 
both  sides,  in  the  mid-lateral  line  where  the  diaphragmatic  reflection-line  crosses  the  tenth 
rib  or  the  tenth  intercostal  space.  This  point  can  be  very  readily  ascertained  on  the 
surface  by  drawing  a  horizontal  line  round  the  trunk  at  the  level  of  the  lower  part  of  the 
extremity  of  the  spinous  process  of  the  first  lumbar  vertebra,  and  noting  where  it  is 
intersected  by  the  mid-lateral  line.  In  the  majority  of  cases  the  point  of  intersection  will 
correspond  with  the  lowest  part  of  the  pleural  sac.  Another  horizontal  line  opposite  the 
spine  of  the  last  dorsal  vertebra  will  give  the  level  of  the  diaphragmatic  pleural  reflection 
in  the  mammillary  line.^ 

Along  the  line  of  the  diaphragmatic  reflection  a  strong  fascia  passes  from  thf 
lower  uncovered  part  of  the  diaphragm,  and  from  the  costal  cartilages  to  the  surface 
of  the  costal  pleura,  so  as  to  hold  it  firmly  in  its  place.  It  may  be  termed  the  phrenioo- 
pleural  fascia. 

MEDIASTINAL  OR  INTERPLEURAL  SPACE. 

The  ttnm  mediastinal  space  is  applied  to  the  interval  between  the  mediastinal 
pprtious  of  the  two  pleural  sacs.  In  front  it  is  bounded  by  the  sternum,  and 
behind  by  the  vertebral  column.  It  is  customary  to  subdivide  this  space  in  a 
purely  arbitrary  manner  into  four  portions,  termed  respectively  superior,  anterior, 
middle,  and  posterior,  according  to  the  relations  which  they  present  to  the 
pericardium. 

The  superior  mediastiniim  is  the  part  of  the  general  space  which  lies  above  the 
level  of  the  pericardium.  Its  boundaries  are  the  following : — In  front,  the  manu- 
brium sterni,  to  the  posterior  aspect  of  which  are  the  attached  lower  ends  of  the 
sterno-hyoid  and  sterno-thyroid  muscles ;  behind,  the  bodies  of  the  upper  four  dorsal 
vertebne ;  helow,  an  imaginary  and  oblique  plane,  which  extends  from  the  lower 
Ijorder  of  the  manul>rium  sterni  l)ackward8  and  upwards  to  the  lower  border  of  the 
fourth  dorsal  vertel^ra ;  laterally,  the  mediastinal  pleura. 

Within  the  superior  mediastinal  space  are  placed  (1)  the  aortic  arch  and  the 
three  great  arteries  -whicl^  spring  from  it ;  (2)  the  innominate  veins  and  the  upper 
part  of  the  superior  vena  cava ;  (3)  the  trachea,  gullet,  and  thoracic  duct ;  (4)  the 
phrenic,  pneumogastric,  left  recurrent  larjTigeal  and  cardiac  nerves;  (5)  the 
thymus  gland. 

^  The  al»ove  (inscription  repreneiits  tlie  average  results  which  have  been  obtained  from  iKe  study  of 
the  pleura  in  a  large  number  of  subjects,  eight  of  which  were  specially  liardened  by  formalin  or  oibcf 
re-agents  for  the  purpose.  For  many  of  the  dissections  I  have  to  thank  my  former  assistant.  Dr.  B. 
St.  J.  Brooks,  and  for  others  T  am  indebted  to  Professor  C.  J.  Patten  of  Sheffield. 
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The  middle  mediastinum  is  the  wide  part  of  the  space  which  contains  the 
pericardium,  and  lies  below  the  superior  mediastinum.  In  addition  to  the  peri- 
cardium and  its  contents  the  middle  mediastinum  contains  the  phrenic  nerves  and 
their  accompanying  vessels. 

The  anterior  mediastinum  is  that  part  of  the  interpleural  space  which  Ues 
between  the  pericardiuija  behind  and  the  sternum  in  front.  In  its  upper  part  this 
space  can  hardly  be  said  to  exist,  seeing  that  here  the  two  pleural  sacs  come  into 
contcLct  with  each  other  on  the  anterior  aspect  of  tlie  pericardium;  but  below  the 
level  of  the  sternal  ends  of  the  fourth  costal  cartilages  the  left  pleura  falls  short 
of  the  right  pleura,  and  an  interval  is. apparent.  The  only  contents  to  be  noticed 
in  the  anterior  mediastinum  are  a  few  lymphatic  glands  and  some  areolar  tissue, 
in  which  ramify  some  lymphatic  vessels,  and  some  minute  twigs  from  the  internal 
mammary  artery. 

The  posterior  mediastinum  is  that  part  of  the  interpleural  space  which  is 
situated  behind  the  pericardium.  It  may  be  regarded  as  the  continuation  down- 
wards of  the  posterior  part  of  the  superior  mediastinum,  and  many  of  the  structures 
in  the  one  are  prolonged  downwards  into  the  other.  The  arbitrary  upper  limit  of 
the  posterior  mediastinum  is  the  lower  border  of  the  fourth  dorsal  vertebra.  In 
front  it  is  bounded  by  the  pericardium,  except  in  its  lowest  portion,  where  the 
anterior  wall  is  formed  by  the  back  of  the  diaphragm.  Behind  it  is  limited  by  the 
bodies  of  the  eight  lower  dorsal  vertebrae,  and  on  each  side  by  the  mediastinal  pleura. 
It  contains  the  descending  thoracic  aorta  with  the  left  aortic  intercostal  arteries, 
the  azygos  veins,  the  thoracic  duct  and  the  oesophagus,  with  the  two  pneumogastric 
nerves. 

Structure  of  the  Pleura. — The  pleura  on  each  side  is  a  closed  sac,  and,  like  otlier 
serous  membranes,  it  is  attached  by  its  outer  surface  to  the  wall  of  the  cavity  which  it 
lines  and  to  the  surface  of  the  viscus  which  it  covers.  It  is  composed  of  a  thin  con- 
nective-tissue stratum  in  which  bundles  of  fibres  cross  each  other  in  various  directions, 
and  intermixed  with  which  there  is  a  considerable  quantity  of  elastic  tissue.  On  the  inner 
surface  of  this  there  is  a  continuous  coating  of  thin  endothelial  cells  placed  edge  to  edge. 
The  pleura  so  formed  is  attached  to  the  parts  it  lines  and  invests  by  a  small  amount  of 
areolar  tissue  which  forms  a  subserous  layer.  In  the  case  of  the  visceral  pleura  the  sub- 
serous tissue  is  continuous  with  the  areolar  tissue  in  the  substance  of  the  lung,  and  this 
accounts  for  the  tight  manner  in  which  the  membrane  is  bound  down. 

The  pleura  is  plentifully  supplied  with  blood.  This  is  conveyed  to  it  by  minute  twigs 
from  the  intercostal  arteries,  the  internal  mammary  artery,  and  the  bronchial  arteries. 
Lymphatic  vessels  also  are  particularly  abundant  in  the  pleura  and  in  the  subserous 
layer,  and  it  is  by  these  that  excess  of  fluid  is  conveyed  from  its  cavity.  Many  lymphatic 
vessels  commimicate  directly  with  the  cavity  by  means  of  excessively  minute  orifices 
termed  stomata.  Dybkowsky  has  shown  that  the  lymphatics  and  stomata  of  the  pleura 
are  not  equally  distributed  throughout  the  membrane.  Over  the  ribs  and  on  the 
mediastinal  pleura  they  are  absent. 

THE  LUNGS. 

When  healthy  and  sound  each  lung  lies  free  within  the  corresponding  pleural 
chamber,  and  is  only  attached  by  its  root  and  the  liganientum  latum  pulmonis.  It 
is  not  common,  however,  to  meet  with  a  perfectly  healthy  lung.  Adhesions  between 
the  visceral  and  parietal  layers  of  pleura,  due  to  pleurisy,  are  generally  present. 

Like  the  cavities  in  which  they  are  placed,  the  two  lungs  are  not  precisely 
alike.  The  right  lung  is  slightly  larger  than  the  left,  in  the  proportion  of  about 
11  to  10.  The  right  lung  is  also  shorter  and  wider  than  the  left  lung.  This 
difference  is  due  to  the  great  bulk  of  the  right  lobe  of  the  liver,  which  elevates  the 
right  cupola  of  the  diaphragm  to  a  higher  level  than  the  left  cupola,  and  likewise 
to  the  heart  and  pericardium  projecting  more  to  the  left  than  to  the  right,  and 
thus  diminishing  the  width  of  the  left  lung. 

The  lung  is  light,  soft,  and  spongy  in  texture;   when  pressed  between   the 

finger  and  thumb  it  crepitates,  and  when  placed  in  water  it  floats.     The  elasticity 

of  the  pulmonary  tissue  is  very  remarkable.     A  striking  demonstration  of  this  is 

aflforded  when  the  thoracic  cavity  is  opened,  (ind  the  atmospheric  pressure  acting 
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upon  the  mterior  aud  exterior  of  the  hmg  is  equalised.     Immf*"* 
collapses  to  about  onu-thirJ  of  its  original  bulk,  and  it  becomes  itu,     >...,. 
a  s|^ifcimen  to  study  its  proper  form  and  dimeiisioiiB. 

The  surface  of  tbe  ndult  luug  pre^jnta  a  mottled  appefiranco.     T'        ^  nm% 
colour  is  a  light  slate-blue,  but  scattoifd  ovor    tbia   tberc  nre   iint  lirkj 

patches  of  various  siaes,  and  also  fine  dark  iutersecting  litieii.     The  (^t>lor«iU4iii « 


^Uftin-tbynilil  iiiil#rlf^ 

Jtitrm«l  jiiyiiiUr  riHn 
r^iTtlj?  n»tt*f 

.-!<cjilrnu*  Aiiitru* 

r^ulicJavlaii  t«Ut  Of II) 


ItiStftiGt  Ihjnruil  J  vdn 
J}|AiroAtfon  of  innd- 

Internal  niJttnmmi'y 


thymili  glnntl 


ru«irib 


mM\«  In 

»t  right  It] 


Pttlirrmaar^ 


r^ftcwilktM 


F(0.  lHQ.^Bl^HCTUi^    IIP   TflOtlAJI   \N0   imOt   OP   THE    NeCK   FUOM   TUK    FMU^TT    Tri  5lf<»W    T»«   ftlttJfct»I» 


the  lung  differs  cousidenibly  at  different  periods  of  life.  In  early  childbc 
luug  is  rosy-pink,  aad  the  darker  eolour  and  tbt^  mottliug  <>f  the  j^tirbce 
apjfear  later  are  due  to  the  pulniouarj  suhatauce,  and  ubielly  the  iut^^^rstitial  artt*^ 
tiaaue  bec^uiuing  impregnated  more  or  less  completely  with  atmospheric  dual  *fl 
minute  particles  of  soot. 


At  tvery  breatli  foreign  irmttor  of  thia  kiu'l 
rtiadii^  tlu!  hiiig  li^ue.  T li e  gii-jitfr  pJirt  «*f  i' 
cottW  t!ie  iminjiiit  itiembrani'  of  tlu*  laigivr  aJr*| 
tlie  inuciLw  tLrrntgh  lh«^  AA^tivitv  of  tlie  nlia  at  la 
iipwitr^l  «Wi.'*ip  id  r\w»i}  a  itinuiit  towiutL*  ilit>  | 
paKirlt^  wliidi  Wiiuh  thL*  fuver  rc^cei»ti&  uf  thr  miig^,  .trs  i  u 
mrtl}*  oonvrywl  awny  liy  tUe  lympliatit  vt?s^*la  in  I  hi-  IjroucI 
ticc'uint'  iij  many  cuhi*^  *"ilieohik*lv  l«!at'k.     I'lie  iftlftur  *jf  tli*:* 


^  inltul*"!,  Istit  uiily  q  small   pnip^'Hi*^  i#  i 
I  tii^loil  in  tht*  «<lini; 
trnidiirtllv  i^ot   ri^) 
jijfhi'liutu.      \ 
1.     TU«  firif  1 1 
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ext^t  npon  the  purity  of  the  atmoephere  which  is  inhaled,  and  it  thus  happens  that  in  coal- 
miners  tne  surface  of  the  lung  may  be  very  nearly  uniformly  black. 

The  foetal  lung  differs  in  a  marked  degree  from  the  lung  in  an  individual  who 
has  breathed.  After  respiration  is  fully  established,  the  lung  soon  comes  to  occupy 
almost  the  whole  space  allotted  to  it  in  the  pleural  cavity ;  in  the  foetus,  on  the 
other  hand,  the  lung  is  packed  away  at  the  back,  and  occupies  a  relatively  much 
smaller  amount  of  space  in  the  thoracic  cavity.  Further,  it  is  firm  to  the  touch, 
and  sinks  in  water.  It  is  only  when  air  and  an  increased  supply  of  blood  are 
introduced  into  the  lung  that  it  assumes  the  soft  spongy  and  buoyant  quaUties 
which  are  characteristic  of  the  adult  lung. 

Form  of  the  Lungs. — The  lungs  are  accurately  adapted  to  the  walls  of  the 
pleural  chambers  in  which  they  are  placed,  and  in  the  natural  state  they  bear  on 


Fio.  701.— Mediastinal  Surfacbh  of  the  two  Lungs  of  a  Subject  hardened  by  Formalin -injection. 
A,  Right  lung.  B,  Left.  lung. 


1.  Ba.se. 

2.  Fi.Hsure. 

'A.  Canliac  depreasfon. 

4.  (>nx>ve  fur  innominate  vein, 

.■v.  Groove  for  innonnnate  art»Ty. 

r«.  Aiy^'X  pulnioniM. 


7.  Groove  for  vena  a/y^^os  major. 

H.  Ep.irterial  bronchiiH. 

9.  Pulmonary  artery  (right). 

10.  Fissure. 

11.  Groove  for  aorta. 

12.  nronchus. 


13.  Pulmonary  artery  (leftX 

14.  A]M'X  pulmonis. 

15.  (Jroiive  for  left  sti^wlavian  artery. 
10.  GnK>ve  for  l»*ft  innoniinat**  vein. 
17.  (\irdiac  deprv^sion. 

IK.   Fissun*.  li>.   Base. 


the  surfjice  impressions  and  elevations  which  are  an  exact  counterpart  of  the 
irregularities  on  the  walls  of  the  cavity  in  which  tliey  lie. 

When  care  has  been  taken  to  harden  it  in  situ,  eacli  lung  presents  an  apex 
and  a  base,  an  inner  and  an  outer  surface,  and  an  anterior  and  a  posterior 
border. 

The  apex  pulmonis  is  blunt  and  rounded,  and  risen  above  tlie  level  of  the 
oblique  first  costal  arch  to  the  full  height  of  the  cervical  dome  of  i)leura.  It 
therefore  protrudes  upwards  through  the  thoracic  inlet  into  the  root  of  the  neck. 
The  8ul)clavian  artery  arches  outwards  on  its  inner  and  anterior  aspects  a  short 
distance  below  its  summit,  and  a  groove  (sulcus  sul)claviua)  correspond in<,'  to  the 
vessel  is  apparent  upon  it.  At  a  lower  level  on  the  apex  puhmmis  a  shallower  and 
wider  groove  upon  its  inner  and  anterior  aspects  marks  the  position  of  the  innomi- 
nate and  subclavian  veins.  Although  these  vessels  impress  the  lung  they  are 
separated  from  it  by  the  cervical  pleura. 

The  basis  pulmonis  presents  a  semilunar  outHne,  being  curved  around  the  base  of 
the  pericardium.  It  is  adapted  to  the  upper  surface  of  the  diaphragm,  and  conse- 
quently it  is  deeply  hollowed  out.  As  tlie  right  cupola  of  the  diaphragm  ascends 
liigher  than  the  left,  the  basal  concavity  of  the  right  hmg  is  deeper  tlian  that  of 
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the  left  lung.  Laterally  and  behind,  the  base  of  each  lung  is  limited  by  a  salient 
thin  margin  which  descends  for  some  distance  in  the  narrow  pleural  recess  (sinus 
phrenico-costalis)  between  the  diaphragm  and  the  chest  walL  This  basal  margin 
of  the  lung  extends  lower  down  on  the  outer  side  and  behind  than  it  does  in  front, 
but  it  falls  considerably  short  of  the  bottom  of  the  phrenico-costal  sinus  of  pleura. 
Thus,  after  expiration,  it  reaches  in  the  mammillary  line  the  lower  border  of  the 
sixth  rib ;  in  the  axillary  or  mid -lateral  line  the  eighth  rib;  whilst  behind  it  pro- 
ceeds inwards  along  a  straight  horizontal  line  so  as  to  reach  the  vertebral  column 
at  the  level  of  the  extremity  of  the  spine  of  the  tenth  dorsal  vertebra.  During 
respiration  the  thin  basiil  margin  rises  and  falls  in  the  phrenico-costal  sinus  of  the 
pleura,  but  even  after  the  deepest  breath  it  never  reaches  the  lowest  limit  of  this 
recess. 

The  bases  of  the  kings  establish  important  relations  with  certain  of  the  viscera  which 
occupy  the  costal  zone  of  the  abdominal  cavity,  the  diaphragm  alone  inter\-ening.     Thus 


GROOVE     FOR     SUBCLAVIAN     ARTERY, 


OVE    FOR    INNOMINATE  VEIN 


Fiii.  702. — Outer  or  C(«tal  Surfaces  of  the  two  Lungs. 
A,  Right  lung.  B,  lieft  lung. 

the  base  of  the  right  hmg  rests  upon  the  right  lobe  of  the  Hvcr ;  whilst  the  base  of  the 
left  huig  is  in  relation  to  the  left  lobe  of  the  liver,  the  fundus  of  the  stomach,  the  spleen, 
and  in  some  cases  to  the  splenic  flexure  of  the  colon. 

The  outer  surface  of  the  lung  (facies  costalis  pulmonis)  is  extensive  and  convex. 
It  is  accurately  adapted  to  that  part  of  the  wall  of  the  pleural  cavity  which  is 
formed  by  the  costal  arches  and  the  intervening  intercostal  muscles,  and  it  presents 
markings  corresponding  to  these.  Thus  the  imprint  of  the  ribs  appear  as  shallow 
oblique  grooves,  while  the  intercostal  spaces  show  as  elongated  intervening 
l)ulgings. 

The  inner  or  mediastinal  surface  of  the  lung  (facies  mediastinalis  pulmonis) 
presents  a  smaller  area  than  the  outer  surface.  It  is  applied  to  the  mediastinal 
septum,  and  presents  markings  in  accordance  with  the  inequalities  upon  this  (Fig. 
701,  p.  985).  Thus  it  is  deeply  hollowed  out  in  adaptation  to  the  pericardium  upon 
which  it  fits.  This  pericardial  concavity  comprises  the  greater  part  of  the  media- 
stinal surface,  and  owing  to  the  greater  projection  of  the  heart  to  the  left  Bide,  it  is 
much  dee|)er  and  more  extensive  in  the  left  lung  than  in  the  right  lung.  Above 
and  behind  the  pericardial  hollow  is  the  hilum  of  the  lung.  This  is  a  wedge-shaped 
depressed  area,  within  which  the  vessels,  nerves,  and  lymphatics,  together  with  the 
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lus,  enter  and  leave  the  organ.  Amidst  these  structures  also  are  some 
lial  glands.  The  hilum  is  surrounded  by  the  reflection  of  the  pleura  from 
rface  of  the  lung  on  to  the  pulmonary  root.  Behind  the  hilum  aud  peri- 
[  area  there  is  ciaviric 


ClBvJciilAr 

Comcoitl. 
Cppliahct  vt 

St«»m!*l  i«rt  f>r 
pcctoniti<>  liu^w 

Axlllnry  arierj' 

BrachiAl  ntnea- 

Axillary  vi>l 


ti  lung  a  narrow 
f  the  inner  sur- 

the  lung  which 
relation  to  the 

wall  of  the  pos- 
mediastinum. 
)  right  lung  this 
f  the  surface  is 
sed,  and  corre- 
\  to  the  ceso- 
s;  on  the  left 
it  presents  a 
longitudinal 
I,  which  is  pro- 

by  the  contact 

lung  with  de- 
ing    thoracic 

and  also,  close 
;  base,  a  small 
led  area  in  front 
s  which  is  ap- 
o  the  oesophagus 

it  pierces  the 
•agm. 

portion  of  the 

surface  of  the 
vhich  lies  above 
ilum  and  peri- 
c  hollow  is  ap- 

to    the    lateral 

of  the  superior 
stinum,  and  the 

ngs  are  accordingly  somewhat  different  on  the  two  sides..  On  the  left  lung  a 
deep  groove,  produced  by  the  aortic  arch,  curves  backwards  over  the  hilum, 
)ecomes  continuous  with  the  aortic  groove  on  the  posterior  mediastinal 
e.  From  this  a  narrower,  deeper,  and  much  more  sharply-marked  groove 
Is,  and  turns  outwards  over  the  apex  pulmonis  a  short  distance  from  the 
it.  This  is  the  sulcus  subclavius,  and  it  contains  the  left  subclavian  arterj' 
the  lung  is  in  place.  In  front  of  this  a  shallow  wide  groove,  also  leading 
the  front  aspect  of  the  apex,  corresponds  to  the  left  innominate  vein.  In 
ght  lung  the  hilum  is  also  circumscribed  above  by  a  curved  groove,  but  tliis 
row  and  more  distinctly  curved  than  the  aortic  groove  on  the  left  side.  It 
\  the  vena  azygos  major  as  it  turns  forwards  to  join  the  superior  vena  cava, 
the  anterior  end  of  the  azygos  sulcus  a  wide  shallow  groove  extends  upwards 
5  lower  part  of  the  front  of  the  apex  pulmonis.  This  is  produced  by  the 
ition  of  the  lung  with  the  vena  cava  superior  and  the  right  innominate  vein, 
to  the  summit  of  the  apex  there  is  also,  on  its  inner  aspect,  a  sulcus  for  the 

end  of  the  innominate  artery. 

L  addition  to  the  hilum,  it  must  now  be  evident  that  the  inner  surface  of  each 
presents  three  areas  which  correspond  respectively  with  (1)  the  middle 
atinum  {i.e.  the  pericardial  hollow) ;  (2)  the  posterior  mediastinum ;  and  (3)  the 
or  mediastinum ;  and  that  in  each  of  these  districts  impressions  correspond- 
•  structures  contained  within  these  portions  of  the  interpleural  space  may  be 
d. 
16  posterior  border  of  the  long  is  thick,  long,  and  rounded.     It  forms  the  most 
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bulky  part  of  the  organ,  and  occupies  the  deep  hollow  in  the  thoracic  cavity  which 
is  placed  on  either  side  of  the  spine.  Indeed  the  term  "border"  is  somewhat 
inappropriate,  as  it  forms  in  reality  a  somewhat  extensive  surface  deeply  impressed 

by  the  rilis,  and  not  in 
omo^hfoiiv^     ^^^^^^^''^^^M^  any  way  marked  off  fn>ni 

the  outer  surface  of  the 
lung. 

The  anterior  border  of 
the  lung  is  short  and  ex- 
ceedingly thin  and  shaq\ 
It  begins  abruptly  al>ove, 
immediately  below  the 
groove  on  the  apex  for 
the  innominate  vein,  and 
extends  down  to  the  l»ase, 
where  it  becomes  con- 
tinuous with  the  sharp 
Ijasal  border.  The  thin 
anterior  part  of  the  luni; 
is  carried  forwards  and 
inwards  in  front  i»f  the 
pericardium  into  the 
narrow  pleural  recess  Iv- 
hind  the  sternum  and 
costal  cartilages  (sinus 
costo-mediastinalis).  The 
anterior  l)order  of  the 
right  lung  fills  up  this 
recess  completely,  and  in 
the  upper  part  of  thechest 
is  only  separated  from 
the  corresponding  border 
of  the  left  lung  by  the 
two  layers  of  mediastinal 
pleura  which  are  reflected 
backwanls  from  the  ster- 
num to  the  pericardium.  The  anterior  border  of  the  left  lung,  in  its  lower  part, 
shows  a  marked  deficiency  or  notch  (incisura  cardiaca)  corresponding  to  the  apex  of 
the  heart,  and  where  this  exists  the  lung  margin  leaves  a  considerable  portion  of 
the  perifjardium  uncovered,  and  fails  to  completely  fill  up  the  costo-mediastinal 
sinus  of  the  pleural  cavity.  During  respiration  the  anterior  margin  of  the  left 
lung  at  the  incisura  cardiaca  advances  and  retreats  to  a  small  extent  in  this  pleural 
sinus  in  front  of  the  j>ericardium. 

Fissures  and  Lobes  of  the  Lungs. — The  left  luny  is  divided  into  two  lol^es 
by  a  long  deep  iiasure  which  penetrates  its  substance  to  within  a  short  distance  of 
the  hilum.  Above  and  below  the  hilum  this  fissure  cuts  right  through  the  lung 
and  api)ears  upon  the  mediastinal  or  inner  surface.  Viewed  from  the  outer  aspect 
of  the  organ,  it  begins  at  the  posterior  lx)rder  about  two  and  a  half  inches  l»elow  the 
sunmiit  of  the  apex,  al)out  the  level  of  the  vertebral  end  of  the  third  ril>,  and  is 
continued  downwards  and  forwards  in  a  somewhat  spiral  diiection  to  the  base  of  the 
lung,  which  it  reaches  a  short  distance  behind  its  anterior  end.  The  upper  lobe  d 
the  lung  (lobus  superior)  lies  above  and  in  front  of  this  cleft.  It  is  conical  in 
form,  with  an  olilique  base,  ami  the  apex  and  the  wliole  of  the  anterior  liorder  of 
the  lung  belonj:,'  to  it.  The  lower  lobe  (lobus  inferior)  lies  below  and  Ijehind  the 
fissure.  It  is  the  more  bulky  of  the  two,  and  includes  almost  the  entire  base  and 
the  greater  part  of  the  thick  posterior  border. 

In  the  rii^ht  lunij  there  are  two  fissures  subdividing  it  into  three  lobes.  One 
of  these  fissures  is  very  similar  in  its  position  and  relations  to  the  fissure  in  the  left 
lung.    It  is,  however,  rather  more  vertical  in  its  direction,  and  ends  below  somewhit 
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farther  outwards.  It  separates  the  lower  lobe  from  the  upper  and  middle  lobes. 
The  second  cleft  begins  in  the  main  fissure  at  the  posterior  border  of  the  lung,  and 
proceeds  horizontally  forwards,  to  end  at  the  anterior  border  of  the  lung  at  the 
level  of  the  fourth  costal  cartilage.  The  middle  or  intermediate  lobe  of  the  right 
lung  is  triangular  or  wedge-shaped  in  outUne. 

Variations. — Variations  in  the  puhnonarv  fissures  are  fairly  common.  Thus  it  sonu'tiuies 
happens  that  the  middle  lol>e  of  the  right  hmg  in  imiHirfectly  cut  off  from  the  u])j)er  lobe. 
Supernumerary  fissui^es  also  are  not  infrequent,  and  in  this  way  the  left  lung  may  Ixj  tut  into 
three  lobes,  ancl  the  right  lung  into  four  or  even  more  lobejj.  The  occuri-euc^  of  a  lobus  azygos 
in  the  right  lung  is  a  variation  of  some  interest,  seeing  that  such  a  lobe  is  constant  in  certain 
mammals.  It  is  a  small  accessory  loin*,  pyramidal  in  form,  which  makes  its  appearance  on  the 
lower  part  of  the  inner  aspect  of  the  right  hmg.  In  certain  cases  the  vena  azygos  major  is 
enclosed  within  a  fold  of  pleura,  and  is  simk  so  deeply  in  the  ])ulmonary  substance  of  the  right 
lung  that  it  marks  off  a  small  accessory  lol)e. 

ROOT  OF  THE  LUNG. 

The  term  root  of  the  lung  (radix  pulmonis)  is  applied  to  a  number  of  structures 
which  enter  and  leave  the  lung  at  the  hilum  on  its  inner  surface.  They  are  held 
together  by  an  investment  of  pleura,  and  constitute  a  pedicle  which  attaches  the 
luug  to  the  mediastinal  wall  of  the  pleural  cavity.  The  phrenic  nerve  descends  a 
short  distance  in  front  of  the  pulmonary  root,  whilst  the  vagus  nerve  breaks  up 
into  the  posterior  pulmonar}"  plexus  on  its  posterior  aspect  under  cover  of  the 
investing  pleura.  The  delicate  anterior  pulmonary  plexus  is  placed  in  front  of  the 
root  of  the  lung  beneath  the  pleura,  whilst  from  the  lower  border  of  the  root  of  the 
lung  the  ligamentum  latum  pulmonis  extends  downwards.  These  are  the  relations 
which  are  common  to  the  pulmonary  root  on  both  sides  of  the  body,  but  there  are 
others  which  are  peculiar  to  each  side.  On  the  right  side  the  superior  vena  cava 
lies  iu  front  of  the  pulmonary  root,  whilst  the  vena  azygos  major  arclies  over  its 
upper  aspect.  On  the  left  side  the  aorta  arches  over  the  root  of  the  lung,  whilst 
the  descending  thoracic  aorta  passes  down  behind  it. 

Constituent  Parts  of  the  Pulmonary  Root. — The  most  important  structures 
which  enter  into  the  formation  of  the  pulmonary  root  are  (1)  the  two  i)ulmonary 
veins;  (2)  the  pulmonary  artery;  (3)  the  bronchus.  But  in  addition  to  these 
there  are  one  or  more  small  bronchial  arteries  and  veins,  the  pulmonary  nerves 
and  the  pulmonary  lymphatic  vessels,  and  some  bronchial  glands. 

The  pulmonary  nerves  come  from  the  vagius  nerve  and  also  from  the  sympathetic  system. 
Thev  enter  the  lung  and  follow  the  air-tubes  through  the  organ.  The  bronchial  arteries  are 
small  vtissels  which  carry  blood  for  the  supply  of  the  lung  tissue.  They  arise  from  the  aorta  or 
from  an  intercostal  artery,  and  vary  in  numlx^r  from  one  to  thn^e  for  each  lung.  In  the  root  of 
the  lung  they  lie  on  the  iw)sterior  aspect  of  the  bi-onchus,  ^"d  they  follow  the  air-tubts  through 
the  orgjin.  Part  of  the  blood  conveyed  to  the  lung  l>y  the  bronchial  arteries  is  rctuiiie<l  l>y  the 
pulmonary  veins ;  the  ivmainder  is  returiud  by  special  bronchial  veins  which  op^n  on  the  right 
side  into  the  vena  azygas  major,  and  on  the  left  side  into  the  vena  azygos  minor  superior. 

The  lymphatic  vessels  of  the  lung,  as  they  emerge  fi-om  the  hilum,  unite  into  a  small  number 
of  trunks,  which,  placed  l^ehind  the  large  pulmonary  vessels,  open  into  the  bronchial  glands. 

The  bronchus  in  the  root  of  the  lung  lies  behind  the  great  pulmonary  vessels. 
The  pnlmonary  artery  occupies  a  ditlerent  position  on  the  two  sides  in  relation  to  the 
main  or  undivided  part  of  the  bronchus.  On  the  right  side  it  is  placed  Ix^low 
it,  whilst  on  tlie  left  side  it  cros.ses  the  bronchus  and  occupies  a  higher  level  in  the 
pulmonary  root.  The  two  pulmonary  veins  on  botli  sides  lie  at  a  lower  level  in  the 
root  of  the  lung  than  the  pulmonary  artery  and  In-onchus,  whilst  the  uj>per  of  the 
two  veins  occupies  a  plane  in  front  of  the  pulmonary  artery  (Fig.  701,  y.  985). 

Distribution  of  the  Bronchial  Tubes  within  the  Lungs.— The  two  lungs  are 
not  symmetrical;  the  right  hmg  is  subdivided  into  three  lobes,  and  the  left  lung  is 
cleft  into  two  lobes.  The  broncln  exhibit  a  corrtisponding  want  of  symmetry.  The 
right  bronchus,  as  it  approaches  the  pulmonary  hilum,  gives  off  two  branches  for  the 
upper  and  middle  lobes  of  tlie  right  lung  respectively,  and  then  the  main  stem  of  tlie 
tube  enters  the  lower  lobe.  The  left  bronchus  sends  off  a  large  branch  to  the  upper 
lobe  of  the  left  lung,  and  then  sinks  into  the  lower  lobe.  The  first  branch  of  the 
right  bronchus  for  the  upper  right  pulmonary  lobe  leaves  the  main  stem  about  one 
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inch  from  tlie  trachea.  The  first  branch  of  the  left  bronchus,  on  the  other  hand, 
takes  origin  about  twice  that  distance  from  the  trachea. 

The  relation  of  the  pulmonary  artery  to  the  bronchial  subdivisions  is  diifereni 
on  tlie  two  sides.  On  the  right  side  it  turns  backwards  to  reacli  the  posterior 
aspect  of  the  broncluis  below  the  first  and  above  the  second  bronchial  branch.  On 
the  left  side  the  pulmonary  artery  turns  backwards  above  the  level  of  the  first 
bronchial  branch.  On  the  right  side,  therefore,  the  first  bronchial  branch  is  place<l 
above  the  pulmonary  artery,  and  in  consequence  it  is  termed  the  eparterial  bronchus; 
all  tlie  others  lie  below  the  artery,  and  are  termed  hsrparterial  broncld.  On  tho 
left  side  there  is  no  eparterial  branch ;  they  are  all  hyparterial. 

When  the  main  stem  of  the  bronchus  is  followed  into  the  inferior  lobe  of  ea^h 
lung,  it  is  seen  to  travel  downwarils  and  backwards  in  the  pulmonary  substance 
until  it  reaches  the  thin  back  part  of  the  base  of  the  lung  which  lies  between  thr 
diaphragm  and  the  thoracic  wall,  and  there  it  ends.  As  it  proceeds  through  the 
inferior  lobo  it  gives  off  a  series  of  large  ventral  and  a  series  of  smaller  donal 
branches.  As  a  rule  these  are  three  in  number  in  each  case,  and  the  dorsal  ami 
ventral  branches  do  not  arise  opposite  to  each  other,  but  alternately,  one  from  the 
back,  and  then  another,  after  a  slight  interval,  from  the  front  of  tlie  tube.  The 
first  hyparterial  division  on  each  side  (i.e.  the  branch  to  the  middle  lol.>e  of  the  right 
lung  and  the  ])ranch  to  the  upper  lobe  of  the  left  side)  is  generally  regarded  as  the 
first  member  of  the  ventral  group. 

It  w.is  A«'l)y  who  fii-st  r«M'o<(nisc<l  the  existvaicv.  in  each  hmg  of  a  main  nr  r*teni  hixmchu- 
giviiig  off  a  vnitral  an<l  (lor>al  scries  of  brancliei*,  and  who  drew  the  distinction  iK^twrpn  tlit 
eparterial  and  hyparteiial  hronehial  hmnche-s.  A  eonsiih-ration  of  the^se  relatiions  le«l  tin:*  HiitL'ir 
to  ronchide  that  the  eparterial  lironchus  and  the  upper  I(»])e  of  the  riglit  hmg  have  uo  morpLoI"- 
gioal  equivalents  on  the  left  side  of  the  Ixxly.  In  other  woiils,  hi'  was  led  to  Wlievo  that  tlif 
middle  lol)e  of  the  right  Iuul'  is  the  homologue  of  the  upner  lol)o  of  the  left  lung.  HasM\  i^h-. 
has  also  investigated  the  subject,  endoi*sed  this  view,  witli  certain  nioi.lifications  and  additi<lU^ 
and  the  hyi>othesis,  either  in  its  original  statv  as  pre,-»ented  l)y  Aehy,  or  ;is  subs4*qiicntly  in(j<litirl 
])y  Hasse,  has  been,  until  latidy,  very  generally  acceptt^l  by  ;u»atonii3ts.  Moiv  recent  rr>»-ap:h. 
h(Avever,  has  seriously  allV-cted  tln^  stability  of  this  cxindusion.  Naratli  contends  that  tbedirtin-- 
tion  iH'tween  the  eparterial  brimchus  of  the  right  side  and  the  hymrterial  brouclii  of  Imth  >i'it^ 
is  not  one  rjf  fundamental  im])ortance,  and  fui-ther,  that  a  branch  wliich  arises  from  the  tin-: 
h>-parterial  bronchus  on  the  h-ft  side  and  turns  upwanls  into  the  aj>ex  of  the  left  luug  is  the  dir*--: 
equivalent  of  the  eparterial  bronchus  of  the  right  side.  This  he  terms  the  apical  brOBChnt,  aii<l 
he  believes  that  it  repre,-»ents  the  fii"st  doi-sal  branch  of  the  left  .<»tem-bi-onchiLs.  Huntiiigtr-ii,  in  * 
very  convincing  jiaper,  strongly  supports  the  contention  of  Narath,  and  holds  that,  escejit  **f"r 
]Mirpos«^s  of  t<»i>ograj>hy,  we  should  abandon  the  distinction  between  eparterial  find  hyi»arteri;»I 
bronchi."  With  Narath  he  regards  the  eparterial  bronchus  as  a  secondan'  branch  wuiob  b-- 
migrated  in  an  ujiwanl  direction  on  the  m«iin  stem.  According  to  Huntuigton,  therefore,  Ai-ly'* 
])r(»position  should  be  amended  as  follows: — 

Bight  Bide.  Left  side. 

Uj)pe.r  +  middle  lobe  Upper  lol)e. 

Jjower         -h         cardiac  h)be  -  Lower  lobe. 

The  caixliac  lobe  nientiouKl  in  this  table  i.s  the  CKx-asional  azygiw  lolu*  to  whioli  referenrt-  h.e 
alreatly  been  made,  and  it  is  interesting  to  note  that,  whilst  the  lol.)e  in  ciuestion  as  a  so]«ratr 
entity  is  rarely  seen  in  the  human  lung,  the  bi-onchus  which  coiTe,spfjnds  to  it  is  alway> 
present  in  the  pulmonary  sul^tance  as  an  accessory  branch,  which  pioceeils  {ixnn  the  main  Mt-n. 
as  it  travei-ses  the  lower  lobe  of  tlu?  right  side.     It  receives  the  name  of  the  cardiac  bronchUw 

Structure  of  the  Lung. 

The  lung  is  constructed  so  that  the  blood  which  reaches  it  through  the  pulmouary 
artery  is  brought  into  the  most  intimate  relation  with  the  air  which  enters  it  through  thf 
trachea  and  bronchi.  Ai\  interchange  of  materials  l)etwecn  the  blood  and  the  air  is  thu> 
rendered  possible,  and  the  object  of  respinition  is  attained.  As  a  result  of  this  inter 
change  the  dark  impure  blood  which  flows  into  the  lung  through  the  pulmouary  artery  i> 
rendered  bright  red  and  arterial. 

Lobules  of  the  Lung. — A  thin  layer  of  subpleural  connective  tissues  lies  subjacent 
to  the  continuous  coating  which  the  lung  receives  from  the  visceral  pleura.  From  thf 
deep  surface  of  this  subpleuriil  layer  fine  septal  processes  penetrate  into  the  substance  of 
the  lung,  and  these,  with  the  connective  tissue  which  enters  at  the  bilum  upon  the  vessels 
and  bronchi,  constitute  a  supporting  framework  for  the  organ.  The  lung  is  lobular,  an«1 
on  the  surface  the  small  polygonal  areas  which  represent  the  lobules  are  indicated  by  the 
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igment  present  in  the  connective  tissue  septa  which  intervene  between  them.  Although 
0  pigment  is  present,  the  lobular  character  of  the  lung  is  particularly  well  marked  in  the 
Btus,  and  with  a  little  care  the  surface  lobules  in  the  foetal  lung  can  be  separated  from 
ich  other  by  gently  tearing  through  the  intervening  connective  tissue.  The  lobules  thus 
olated  are  pyriform  or  pyramidal  in  form.  The  broad  bases  of  these  lobules  abut  against 
le  subpleural  layer,  whilst  each  of  the  deep  narrow  ends  receives  a  minute  division  from 
16  bronchial  system  of  tubes.  The  lobules  which  lie  more  deeply  in  the  substance  of 
le  oi^an  are  not  so  large,  and  are  irregularly  polygonal  in  form. 

Alveolar  Ducts,  Infundibula,  and  Air-cells. — The  larger  branches  of  the 
ronchi,  as  they  traverse  the  lung,  give  off  numerous  divisions  which,  by  repeated 
ranching,  ultimately  form  a  system  of  tubes  which  pervade  the  entire  organ.  At 
rst  the  bronchial  divisions  come  off  at  very  acute  angles,  but  as  the  finer  ramifications 
re  reached  this  character  becomes  much  less  apparent.  There  is  no  anastomosis  between 
iie  bronchial  branches. 

Within  the  various  lobules  the  finer  bronchioles  send  off  further  branches,  which  pro- 
eed  at  right  angles  from  them.  Soon  the  ultimate  tubes  are  reached.  These  arc  not 
ylindrical,  but  have  their  walls  pouched  out  by  numerous  hemispherical  diverticula. 
•uch  a  bronchiole  is  called  an  alveolar  duct,  and  the  diverticula  are  the  air-cells  or  alveoli. 
*iaally  the  alveolar  duct  divides  into  two,  three,  or  more  terminal  parts,  which  become 
xpanded  and  form  the  club-shaped,  blind  terminations  of  the  bronchial  system  of  tubes. 
liese  csecal  endings  arc  the  inftindibala,  and  the  walls  of  each  are  thickly  covered  by 
Iveoli  or  air-cells,  all  of  which  open  into  the  infundibulum  as  into  a  corridor. 

Structure  of  the  Bronchi. — When  the  large  bronchi  enter  the  lung  they  become 
ylindrical,  and  lose  the  flattening  on  the  posterior  aspect  which  is  characteristic  of  the 
•rimary  bronchi  outside  the  lung.  They  possess  the  same  coats  as  are  present  in  the  case 
f  the  trachea  and  primary  bronchi,  but  as  the  tubes  become  smaller  by  repeated  division, 
hese  coats  become  correspondingly  thinner  and  finer.  Certain  marked  differences  also  in 
he  manner  in  which  the  constituents  of  these  coats  are  arranged  become  apparent. 

In  the  external  flbro-cartilaginous  coat  the  cartilage  is  no  longer  present  in  the  form 
f  incomplete  rings,  but  in  irregular  plates  or  flakes  deposited  at  various  points  around 
he  wall.  As  the  tubes  diminish  these  cartilaginous  deposits  show  a  corresponding  reduc- 
ion  in  size,  until  at  last,  in  bronchi  of  1  mm.  in  diameter,  they  disappear  altogether.  The 
Lands  in  relation  to  the  tubes  for  the  most  part  cease  to  exist  about  the  same  point. 
'he  muscular  or  middle  coat,  which  in  the  trachea  and  primary  bronchi  is  confined  to 
lie  back  wall  of  the  tube,  forms  a  continuous  layer  of  circularly-arranged  bundles  in  the 
ronchi  as  they  ramify  within  the  lung.  Spasmodic  contraction  of  the  muscular  coat  gives 
ise  to  the  serious  symptoms  which  accompany  asthmatic  affections.  The  nmscular  fibres 
f  the  middle  coat  may  be  traced  as  far  as  the  infundibula,  on  the  walls  of  which  they  are 
resent  in  considerable  numbers.  The  mucous  lining  of  the  tubes  becomes  greatly  thinned 
s  it  is  followed  into  the  smaller  bronchioles.  It  contains  a  large  number  of  longitudinally- 
rrauged  elastic  fibres,  and  is  disposed  in  longitudinal  folds,  so  that  when  the  tube  is  cut 
cross  the  lumen  presents  a  stellate  appearance.  The  mucous  membrane  is  lined  by 
Lliated  columnar  epithelium. 

Structure  of  the  Infundibula  and  Alveoli.— The  walls  of  the  infundibula  and 
IveoH  are  exceedingly  fine  and  delicate,  but  nevertheless  constituents  continuous  with 
hose  observed  in  the  three  coats  of  a  bronchus  are  found  entering  into  their  construction. 
i'he  epithelium  is  reduced  to  a  single  layer.  Further,  it  is  no  longer  colunmar  and 
iliated,  but  it  has  become  flat  and  pavement-like.  Two  kinds  of  epithelial  cells  may  be 
ecognised — (1)  a  few  small  granular  polygonal  cells,  arranged  singly  or  in  groups  of  two 
r  three ;  (2)  more  numerous  thin  cells  of  large  size,  and  somewhat  irregular  in  outline. 
)ut8ide  the  epithelium  is  a  delicate  layer  of  faintly-fibrillated  connective  tissue.  This  is 
trengthened  by  a  network  of  elastic  fibres  which  is  specially  well  marked  around  the 
aouths  of  the  alveoli,  and  is  also  to  some  extent  carried  over  the  walls  of  the  air-cells, 
luscular  fibres  are  likewise  present  on  the  walls  of  the  infimdibula,  but  it  is  questionable 
P  any  are  prolonged  over  the  air-cells. 

Pulmonary  Vessels. — The  pulmonary  artery,  as  it  traverses  the  lung,  divides  with 
he  bronchi,  and  closely  accompanies  these  tubes.  The  resultant  branches  do  not  anasto- 
aose,  and  for  the  most  part  they  lie  above  and  behind  the  corresponding  bronchi.  The 
Ine  terminal  divisions  of  the  artery  join  a  dense  capillary  plexus  which  is  spread  over  the 
Iveoli  or  air-cells.  This  vascular  network  is  so  close  that  the  meshes  are  barely  wider 
ban  the  capillaries  which  form  them.  In  the  partitions  between  adjacent  alveoli  there 
}  only  one  layer  of  the  capillary  network,  and  thus  the  blood  flowing  through  these 
essels  is  exposed  on  both  aspects  to  the  action  of  the  air  in  the  air-cells.     The  radicles 
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of  the  pulm<>!i!iry  vein  iiriso  in,  and  carry  the  hloofl  from,  the  puliiioiiary  capiUary  plexuv 
hliuli  allercnt  arterioh;  supplies  the  blood  which  flows  through  the  oapilhiries  sprwul  I'V-.j 
a  nunihcr  of  neiirhhouring  alveoli,  and  in  like  manner  each  efferent  venous  rtidicle  dniiu^ 
an  area  ci)rrespondin<^  to  several  adjoining  air-cells.  At  fii-st  the  veins  run  ajiiirt  :r«;h 
the  arteries,  but  after  they  have  attained  a  certaiti  size  they  join  them  and  the  bnnulii. 
As  a  rule  the  pulmonary  veins  are  placed  on  the  lower  and  front  aspect  of  the  o-rn- 
spondimr  bronchi. 

Developmknt  of  tiik  Eespihatoky  Apparatus. 

Tin?  larynx,  the  trachea,  the  bronchi,  and  the  lungs  arise  as  an  outgrowth  fn>iii  :lnr 
ventral  aspect  of  the  foregut.  Tlie  first  imlioation  of  a  respiratory  tnu't  rjccnrs  in  th-. 
human  embryo  when  it  has  attaiiu'd  a  length  of  .'^2  nun.,  on  or  alK)ut  the  fifteenth  hy 
of  develoi>ment.  A  median  longitudinal  groove  makes  its  appearance  within  the  fori.'L"i! 
on  its  ventral  wall.  This  extends  from  the  pharynx  in  front  to  the  region  of  the  stoiuiicL 
behind,  an«l  it  gradually  deepens  as  it  passes  backwanls.  The  hinder  or  gastric  eml  *•: 
the  pulnuai.iry  groove  ends  in  a  blind  diverticulum  or  pocket,  which  freely  coiiimunii-itoi 
with  the  cavity  of  the  foregut,  and  forms  a  hollow  median  protrusion  on  the  veiitmi 
aspect  of  this  portion  of  the  primitive  alimentary  canal.  The  opposite  end  of  the  gnxivc 
is  bounded  by  the  furcula  (see  p.  X>).  Further,  it  is  lined  with  endoderm  or  liyjxjhlas: 
continuous  with  the  end«Klermal  lining  of  the  foregut. 

Trachea  and  Larynx.  -The  pidmonary  gr(M)ve  on  the  ventral  aspect  of  the  Utn-jMi 
becomes  tir^t  partially  and  then  com])letely  scpanited  from  the  jiart  of  the  fort^gut  whirh 
lies  on  its  dorsal  aspect  by  two  lateral  ridges  which  grow  inwards  and  finally  meet.  T»') 
tubes  are  thus  forme<l  -viz.  one  behind,  the  a'sophagus,  and  the  other  in  fronts  the 
trachea  and  larynx.  At  their  cephalic  ends  a  comminiication  between  the  twotiiUsis 
preserved  as  the  permanent  ct)mmunication  between  the  larynx  and  pharynx. 

The  cephalic  end  of  the  air-tube  which  is  thus  separated  oft'  fi-om  the  foregut  Ijecomcs 
enlarged  to  form  the  laiynx,  whilst  the  remainder  is  developed  into  the  trachea.  The 
cartilages  of  the  larynx  do  not  make  their  appeanince  utitil  the  eighth  or  ninth  wcck. 
The  thyroid  cartilage  is  believed  to  be  formed  out  of  the  ventral  portions  of  tlie  cartilages 
which  su[>j)ort  the  4th  an<l  5th  visceral  arches  of  the  two  sides  united  in  the  median  plane. 
The  epiglottis  takes  form  in  the  upper  or  fnnit  part  of  the  furcula  (see  chaj)ter  on  Kmbryr*- 
l«>gy,  p.  -J.")),  whilst  the  aryteno-epiglottidean  folds  and  the  arytenoid  cartilages  are 
dev(?lopcd  in  its  lateral  portiotis.  The  cricoid  cartilage  and  the  tracheal  rings  are  fomwd 
in  the  mesoderm  of  the  air-tube. 

Lunges  and  Bronchi.  The  endodermic  diverticulum,  or  ])ockot  in  which  the  gastric 
end  of  tlu?  primitive  respiratory  groove  terminates,  very  early  bifurciites  into  two  vesi- 
cular portions,  which  represent  the  primitive  right  and  left  bronchi  and  lungs.  From  the 
first  the  right  pulmonary  vesicle  is  slightly  the  larger  of  the  two.  Both  elongate,  and 
almost  inmiediately  e.ich  part  undergoes  a  sub<livision — the  right  into  throe  vesicles,  aixi 
the  left  into  two  vesicles — thus  early  indicating  the  three  lobes  of  the  right  lung  and  the 
two  lobes  of  the  left  lung.  The  end(Klermal  cells  form  the  epithelial  lining  of  the  air- 
passages,  whilst  from  the  mesoderm  are  derived  the  bloo<l-ves8cl8  and  the  other  tissues 
which  buildup  the  lung.  The  hypoblastic  or  cndodermal  subdivisions  thns  formed  are 
embeddinl  within  the  surrounding  !nes<:Hlerm.  The  main  endodcrmal  subdivisions  contiDiio 
to  branch  and  rebranch,  i>ushing  their  way  into  tlie  pulmonary  mesoblast,  until  the 
compute  bronchial  tree  is  formed.  The  method  of  subtii vision  is  very  characteristic,  a&i 
fr.>m  the  first  the  various  branches  arc  bulbous  or  flask-sliapcti  at  their  extreinitici^ 
These  bifurcate*,  and  although  at  first  the  two  subdivisions  in  each  case  appear  of  equal 
importance,  one  grows  out  as  the  continuation  of  the  main  bronchial  stem,  whilst  the 
other  remains  jus  a  lateral  branch.  When  the  ramification  of  the  endodomial  tubes  into 
the  lung  mesoderm  is  complete,  the  small  terminal  flask-shaped  extremities  of  the  various 
branches  represent  the  infundibula.  At  first  these  are  devoid  of  air-cells,  but  Ixjtween 
the  sixth  month  and  the  termination  of  gestation  the  alveolar  diverticula  make  tht-ir 
appearance  on  the  alveolar  ducts  and  on  the  infimdibula.  It  is  thus  seen  that  the 
epitlu'lial  lining  of  the  entire  system  of  bronchial  tubes,  infundibula  and  alveoli,  i» 
originally  derived  from  the  endodcrmal  lining  of  the  foregut.  The  other  constituents 
which  enti'r  int*5  the  constitution  of  the  lungs  and  bronchi  arc  derived  from  the  me8«>blast. 

Tlu>  rudiments  of  the  lungs  grow  backwards  on  either  side  of  the  cesopbagus  into  the 
tissure-like  ])ortion  of  the  ciclotn  which  occupies  the  thoracic  region.  They  push  befow 
them  the  epithelial  lining  of  the  latter,  and  thus  ac*iuirc  their  covering  of  visceral  pleun- 
Hy  the  development  of  the  diaphnigm  and  the  pericardium  the  pleural  portions  of  tltc 
c(clom  become  cut  otF  from  the  peritoneal  cavity  and  from  each  other. 
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th»;ni  aro  in  addition  certain  s|X3cial  accumulations  of  glandular   tiivue.  naL 
tlic  liver,  the  pancreas,  and  the  salivary  glands,  which,  althougli  develoi»ed  in 
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'rraiiHViTjw  colon  (vni) 


lIciKitir  H»'XUJifof  LTflhUi 


('•oiiiiiion  oriUrf  of  bl\o  aihI-^ 
Dnuilotjniii- 


f'aiirmtii*  iliirt 


Splnnix  n^urtiyi 


Vui.  705.— (Jknkhal  Vikw  ok  thk  Dujkstivb  Systbm  (diograniinatK-). 

'I*hi-  transvcrsi!  I'oloii  h.a.>i  hevu  cut  to  show  the  iliKHleiiiiiii,  but  its  course  is  indicated  by  dottcil  linisc. 
vi'iiiiifonn  a]>})enilix  i.s  .s<>oii  luuiging  down  from  tho  ciccuni.     llie  loop  of  Isrge  intestine  which  pra 
till*  ri>ctum  IK  iiinrkird  ** sigmoid  tlfxuru,"  and  includes  the  ilinc  «!o1ou  and  the  greater  part  of  the  p 
colon. 

oiubryo  as  outj^^rowths  of  its  wall,  lie  entirely  outside  the  tube  in  the  ad 
and  are  connected  with  it  by  8i>ec*ial  ducts  through  which  the  gland-secreti( 
pass.     The  largest  of  these,  the  liver,  is  placed  in  the  upper  and  right  portion 
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Wln^ii  the  moutli  is  c1o?hm1,  and  i-espimtion  is  carried  on  througb  tlie  nose,  the  cavum  (*t> 
is  reduced  to  a  slit-like  sj»aoe,  and  in-aciically  oblit<jrated  by  tlie  tongue  coming  in  irniT.t.; 
with  the  palate  above,  and  with  the  Lnini8  and  teeth  laterally  and  in  front  (Fig.  7(»6).  Whr-n  tii- 
mouth  is  slightly  open  and  the  teeth  nearly  in  contact,  the  tongue  l)econie8  sonifwiiat  ei»if..\. 
or  grooved  along  tht*  middle  line,  and  leaves  a  channel-likt;  space  between  it  and  the  palntr,  wlii> 
it  remains  in  contact  with  the  roof  and  gums  laterally.  By  depressing  the  hyoid  Vifpnt*  wiili  il,«- 
root  of  the  tongue,  the  aivum  oris  can  be  increased  to  a  considerable  size  even  wlit*n  the  t»*«'th  ;n' 
in  contact.  Finallv,  hy  the  simultaneous  descent  of  the  lower  jaw  and  byoid  bone  with  th«?  ti«ngu»-, 
and  the  a.^eent  of  tlie  soft  palate,  the  cavity  is  increased  to  its  gi-eatest  diniension??  (Fig.  TOT  . 

Gums  (gingivie). — This  term  is  applied  to  the  red  firm  tissue,  continuous  with 
the  mucous  membrane  of  the  vestibule  on  the  one  hand,  and  with  that  of  the 
palate  or  floor  of  the  mouth  on  the  other  (Fig.  706),  which  covers  the  alveolai 
borders  of  the  maxilla  and  mandible,  and  surrounds  the  necks  of  the  teeth. 
'I'he  gums  are  composed  of  dense  fibrous  tissue,  inseparably  united  to  the  i>eriodteuui 
and  covered  by  mucous  meuibrane.  They  are  richly  supplied  with  bloul-ve&^'I.'S. 
but  sparsely  with  nerves,  and  are  covered  by  stratified  squamous  epitheliimi. 
^Vround  the  neck — or  more  correctly  the  base  of  the  crown — of  each  tooth,  the  gum 
furuis  a  free  overlapping  collar,  and  at  this  part  particularly  it  is  closely  Ih.^«^*1  witli 
small  papilhe,  visible  to  the  naked  eye.  In  thickness  it  usually  measures  fruin  I 
to  2  mm. 

THE  PALATE  AND  ISTHMUS  FAUCIUM. 

The  palate  (palatum)  is  the  term  applied  to  the  strongly-archetl  structure  which 
forms  the  roof  of  the  mouth,  and  projects  posteriorly  into  the  pharynx  as  a  pH^ut 
fold,  imperfectly  dividing  that  cavity  into  two  (Figs.  708  and  710).  Its  anterior  hair 
or  more  has  a  foundation  of  bone,  and  separates  the  na&il  fossai  from  the  immth. 
This  part  is  known  as  the  hard  palate.  The  posterior  portion,  which  is  free  fp>iii 
bone,  separates  the  naso-pharynx  above,  from  the  mouth  and  oral  pharynx  lielow. 
and  is  known  as  the  soft  palate. 

The  hard  palate  (palatum  durum.  Fig.  708)  occupies  the  space  within  th^ 
upi)er  dental  arch,  and  is  continuous  with  the  gums  in  front  and  laterally^  whilst 
behind  it  passes  iuto  the  soft  palate.  It  is  formed  by  the  palatal  processes  of  the 
superior  maxillary  and  pabite  bones  (Fig.  721),  covered  by  periosteum,  and  by  u 
layer  of  firm  mucous  membrane.  Beneath  this  mucous  membrane,  particularly  at 
the  sides  and  in  front,  is  found  a  considerable  quantity  of  dense  fibrous  tissue, 
firmly  united  to  the  periosteum  on  the  one  hand  and  to  the  mucous  membrane  on 
the  other.  This  dense  tissue  forms  an  effective  protection  for  the  ])Hlate.  and.  in 
addition  to  the  palatine  vessels  and  nerves,  it  contains  in  its  iK)8terior  half  a  largf 
number  of  racemose  (palatine)  glands. 

Travelling  the  middle  of  the  palate  is  seen  a  faint  central  ridge  or  raphe  (Fig.  707),  indii'atitij! 
its  original  development  from  two  lateral  halves.  Behind,  thiH  raphe  is  continued  along  tht*  ntU 
])alati'  to  the  hiuse  of  the  uvula,  and  in  fnnit  it  ends  in  a  slight  elevation,  the  incisive  pad  i^r 
}»a}»illa  palatina.  From  the  anterior  end  of  tlie  raphe  a  series  of  trausvenje  ridges  of  in u<».ii- 
membrane,  aV«)Ut  six  in  number,  run  out\vartl»,  just  Ijehind  the  incisor  teeth  ;  they  are  known  ;^^ 
the  palatine  rugae,  and  are  comp(.>Hed  of  dense  fibrous  tissue.  Sometimt^  a  .small  pit,  wliich  \\\]\ 
admit  tht*  ])oiiit  of  a  })in,  is  seen  on  each  side  immediately  behind  the  central  incisor  Irt'lb,  aii'i 
ahout  2  mm.  from  the  mitldle  line.  These  pits  corresjiond  to  the  lower  oiK*nings  of  Stt-n.'-tn^ 
canals,  with  which  they  are  occasionally  continuous. 

The  soft  palate  (palatum  moUe,  or  velum  pendulum  palati,  Fig.  708)  is  a 
movalde  valve-like  fold  which  runs  obliquely  downwards  and  backwards,  like  the 
"  tongue "  of  ji  w^histle,  across  the  cavity  of  the  pharynx  almost  as  far  as  its 
l)osterior  wall.  Whilst  it  is  attached  to  the  hard  palate  in  front,  and  blends  with 
the  pharyngeal  walls  laterally,  its  posterior  lx)rder  is  free,  and  between  it  and  tli** 
posterior  wall  of  the  pharynx  is  left  a  valvular  i)as8age — the  isthmus  of  the 
pharynx — through  which  the  naso-pharynx  and  the  oral  pharynx  communicatf 
with  one  another. 

The  soft  ]»alate  is  (jomposed  of  two  layers  of  mucous  membrane  l>etween  which 
are  contained  the  pabitine  muscles,  vessels,  nerves,  and  connective  tissue,  the 
ajioueurosis  of  the  palate,  and,  in  addition,  a  very  large  number  of  racemose  gland?. 
These  glands  are  arranged  in  a  thick  continuous  layer  on  the  inferior  surface  beueath 
tlie  mucous  membrane,  aud  form  quite  one-half  of  the  mass  of  the  soft  iialate 
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aLju,  find  in  tliu  fcetiis,  the  iucisive  pad  at  the  anterior  end  of  the  raplie  is  contiuuod  ovt-r  th- 
I'dgo  of  the  gum  into  the  frenuhim  of  the  upper  lip. 

The  vessels  of  the  palate  are  derived  from  the  posterior  palatine  artery,  which  runs  forwari.- 
on  tlie  liard  palate  elose  to  the  alveolar  border,  and  from  the  ascending  palatine  branch  of  ih« 
facial,  which  accompanies  the  levator  palati  to  the  soft  palate. 

The  nerves  all  branches  of  Meckers  ganglion — are:  the  large  posterior  palatine,  wli ic'u 
descends  through  the  iK»st<»rior  palatine  canal  and  runs  forward  ou  the  harrl  pohite  with  iLt 
posterior  palatine  artery ;  the  naso-palatine,  which  passes  down  through  the  foramen  of  Scarji;i 
and  reaches  the  fn)nt  of  the  hard  palate ;  and  the  small  posterior  and  accessory  posterior  palatine 
nerves,  which  run  through  the  aaressory  jialatine  canals  and  supply  the  soft  palate. 

Fauces  or  Isthmus  of  the  Fauces  (isthmus  faucium). — This  is  the  ajxTture 
tiirough  which  the  mouth  communicates  with  the  pharynx  (Fig.  707).  It  L- 
bounded  at  the  sides  by  the  anterior  palatine  arches,  above  by  the  under  surfjice  of 
the  soft  i)alate,  and  below  by  the  dorsum  of  the  tongue ;  in  width  it  eon'espoiid> 
])retty  closely  to  the  oxivum  oris. 

The  anterior  palatine  arches  (arcus  glosso-palatinus),  often  known  as  the  antcriir 
pillars  of  the  fauces,  are  two  prominent  folds  of  mucous  membrane,  coutainint^  th^ 
palato-glossus  muscles  in  their  interior,  which  lx)und  the  isthmus  of  the  faua\s 
laterally  (Fig.  707).  Springing  above  from  the  under  surface  of  the  soft  palate,  a 
little  way  (about  8  mm.)  in  front  of  its  free  edge,  and  near  the  l>ase  of  the  uvula, 
tiiey  pass  downwards  and  slightly  forwards  to  join  the  tongue  a  little  Ixdiinti  the 
middle  of  its  lateral  border. 

The  posterior  palatine  arch  is  descril)ed  with  the  pharj^nx  (p.  1034). 

THE  TONGUE. 

The  tongue  (lingua)  is  a  large  mobile  mass  composed  chiefly  of  muscular 
tissue,  and  covered  by  mucous  membrane,  which  occupies  the  floor  of  the  moutii 
and  forms  the  anterior  wall  of  the  oral  pharynx  (Fig.  708). 

Whilst  the  sense  of  taste  resides  chiefly  in  its  modifled  epithelium,  the  tougue 
is  also  an  important  organ  of  speech,  and,  in  addition,  it  assists  in  the  mastication 
and  deglutition  of  the  food — functions  which  it  is  well  fltted  to  perform,  owing  t<> 
its  muscular  structure  and  great  mobility.  In  length  it  measures,  when  at  re*l, 
about  three  and  a  half  inches,  but  both  its  length  and  width  are  constantly 
varying  with  every  change  in  the  condition  of  the  organ,  an  incre^ise  in  lengili 
being  always  accompanied  by  a  diminution  in  width,  and  vice  versa. 

In  describing  the  tongue  we  distinguish  the  following  parts :  the  body  (corpus 
lingucc),  made  up  chiefly  of  striped  muscle,  and  fonning  the  mass  of  the  organ  ;  the 
dorsum  (Fig.  709),  which  looks  towards  the  palate  and  pharynx,  and  is  free  in  it> 
whole  extent;  the  base,  the  posterior  wide  end  which  is  attached  to  the  liyoiJ 
bone ;  the  apex  or  tip,  the  pointed  and  free  anterior  extremity ;  the  margin,  which  Ls 
free  in  its  anterior  half  or  more,  i.e.  in  front  of  the  attachment  of  the  anterior  palatiue 
arch  (Fig.  709).  Finally,  the  unattiiched  portion  on  the  inferior  asjMJct,  seen  when 
the  apex  is  turned  strongly  upwards  (Fig.  712;,  constitutes  the  inferior  surface: 
whilst  tlie  attiiched  portion,  flxed  by  muscles  and  mucous  membrane  to  the  hyoid 
bone  and  mandible,  is  known  as  the  root. 

The  dorsum  of  the  tongue  (dorsum  linguje),  when  the  organ  is  at  rest,  i:' 
strongly  arched  from  before  backwards  in  its  whole  length  (Fig.  708),  the  greatest 
convexity  corresi)onding  to  the  attachment  of  the  anterior  palatine  folda  When 
removed  from  the  body  the  tongue,  unless  previously  hardened  in  situ,  loses  its 
natural  shape,  and  appears  as  a  flat,  elonga^ted  oval  structure,  which  give.s  a  very 
erroneous  i(lea  of  its  true  form  and  connexions. 

The  dorsum  is  naturally  divided  into  two  areas — an  anterior  or  oral  j^rt,  which 
lii'S  nearly  horizontally  on  the  floor  of  the  mouth,  and  constitutes  about  two-tliirds 
of  tlio  length  of  the  whole  tongue  (Fig.  709);  and  a  posterior  or  phartpi/jeal  part, 
the  remaining  third  of  the  organ,  which  is  placed  nearly  vertically,  and  forms  the 
anterior  wall  of  the  oral  pharynx  (Fig.  710).  The  separation  between  these  two 
parts,  which  difl'er  in  appearance  as  well  as  in  direction,  is  indicated  by  a  distinct 
V-siiaped  groove,  called  the  sulcus  terminalis  (Fig.  710),  the  apex  of  which  is 
directed  l)ackwards,  and  corresponds  to  a  blind  depression  ou  the  surface  of  the 
tongue,  the  foramen  cacum,  whilst  its  diverging  limbs  pass  outwards  and  forwanlj^^ 
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it  is  rellectt'd  on  to  the  front  of  the  epiglottis,  f(»rming  in  the  niidilli-  hiit-  ■ 
])ioiiiiiient  fold,  the  frenulum  epiglottidis  or  middle  glosso- epiglottic  fold  ]1]>  . 
gl()sso-c]»iglottica  media,  Fig.  709),  at  each  side  of  which  is  a  wide  dejii. '--!'■:: 
the  vallecula. 

Two  hiteral  glosso-epiglottiu  folds  have  been  descrihod,  but  those  i>as.s  from  ilir  «i  .. 
of  th(;  ej)iglotti.s,  not  to  tlic  tongue,  but  upwards  along  the  wall  of  tlie  pliarvnx.  r.j.  i. 
w  liicli  tlioy  are  soon  lost ;  consequently  the  term  pharyngo-epiglottie  i.s  mon*  aj>[iliL':il". 
to  them. 

The  anterior  or  oral  portion  of  the  dorsum  linguae,  namely,  tlie  [Kirt  in  IimM 
of  th(^  sideus  terminalis  (Fig.  709),  is  convex,  both  from  bef<»n^  bai-kwanU  ^n  I 

Inti-ni.il  jnu'uliir  Vf'in    Hy|M»>rIi.>s.sal  iktvi' 


Spiiuil  :n"c«'.vxi)rv  ii«'i\i' 
I»iL::tstri<'  iiiiisi-lf 


Styli.hyui.l  .J   trf*% 


hiteniiil  carotid  artery 
riit'Uiiio^iMlric  nerve 

As^«MidLi34,^  ijliAryngeBil  artery 
Odowioid  t 


<;i..ss..- 
Iili:iryii;:i-:il  iktvi- 
I'an.ti.l  ^'laii'l 

'Ij'tlllMiKi- 

iua\illur>  \eiii 

K\r»'rn:il  ctiiiiiil 

:iri-iy 

Slyl(»j;l.>>!.siis 

palatiiK.'  arl»'ry 
liil'iiial  ]<li'ty;^oid 


Fnn^nroniii  paplllA' 


FHf.    701».  — II«>KlZnNTAl.   SKrilON    THUdUlJH    MnriH    AND    PHAUYNX    AT   THK    LKVKL   i«K    riO;    'i'i»N-ir-. 

'I'll.-  styl«)|»li;iiyij.i:t.Mi««.  wliiili  is  .^Iminvij  ijiiiiicdi:it«dy  to  tlu*  iiiiiyr  b'ulr  of  llie  vxt<-riial  c;iri»ti'l  ;irt*T\.  -i.-l  ii - 
pn-NtTli'lual  inu<cli*s,  are  not  indicated  by  reference  lines. 

I'i'om  side  to  side  in  the  resting  condition  of  tlie  organ  (Fig.  TOG),  li  u<u.ill>" 
])resents  also  a  slight  median  depression,  along  the  centre  of  which  may  be  rn-^;'.: 
snme  indication  of  a  nuMlian  raphe  in  the  form  of  an  irregular  crease,  which  en-i- 
l»(»steriorly  near  the  foramen  cteciim.  The  mucous  membrane  of  this  ]Nirii«'n  »■! 
I  Ik*  dorsum  is  thickly  (rovercil  with  the  prominent  and  nnmerous  papillae  :' papilla 
linguales)  whieh  gi\e  the  tongue  its  most  (diaracteristic  appearanee. 

Oil  tin-  ]»li;nyijufal  part  of  the  toiigiu*  tlieiv  are  also  small  jiapillary  i»rojft  tii'ii.>  oJ  t*-' 
oriiini,  1)111  the  ejiiilieliuiii  fills  up  all  llnr  iiiterval«  iM-twetni  the  ]»ai^ilhv,  and.  as  it  wvre.  I'V.ri- 
idf  ihe  .-urla-'f,  >u  tJiut  none  are  visihie  t«»  tin;  eye  a.s  piiijections  aUive  lli<*  geiienil  leM-l.  (''.'i 
tin-  antt-rittr  jiart  nf  tin*  l(«n<,Mie,  nn  the  cuiitrarv,  the  j»i<»jee.ti(His  of  the  eoi-iuiii  are  l.irp-  i';l 
jMMjiiiniMiU  ainl  tin-  intervals  between  tln^ii,  while  they  are  •.-overeil,  yet  are  n«>l  filled  up,  l-v  r:-. 
i-j'itheliiim.  s(»  ihai  the  prnj«-ct  inns  stand  'Mil  distiiietly  and  inde.pen<h?ntly,  and  in  jdaei-:  iitliir-  i 
height  •»!  inarly  '2  iiiiii.  alwivf  thegi-neral  surface. 
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Kuii>;irorm  papilla 


Conical  an«l  fuiiKifonii  ]»upilla»-. 


SBt-oiridAry  pBrilUi 


Ta^t^'buda 


The  fungiform  papillae  (Fig.  711)  are  larger  and  redder,  l:»ut  less  numerous  than 
the  last  variety,  and  they  are  found  chiefly  near  the  tip  and  margins  of  ilie  tonj^'Ui- 
comparatively  few  l)eing" present  over  the  dorsum  generally.     Eiieli  is  in  8ha|»e  likt- 

a  "  puff-l)all  "  fungus  (llalliliurl<in 
^'pi'u^*^  consisting  of  an  enlarged  roundid 
head,  attached  by  a  somewhat 
narrower  ))ase.  As  in  the  ca.se  ot 
the  conical  papilUe,  the  coriuin 
is  studded  over  with  inicras<:«>p:( 
|)apilhe,  which  are  buried  in  tht? 
covering  of  squamous  epithelium 
and  do  not  appear  on  the  surface?. 
Most  of  the  fungiform  papilla-,  it 
not  all,  appear  to  be  furnished  wiiii 
taste-bmls,  and  they  are  jiroliablj 
intimately  connected  with  the  sen?^ 
of  taste. 

The  circamvallate  papillc 
(Fig.  711),  much  the  largest  of 
all  the  papillae  of  the  tongue,  are 
confined  to  the  region  immedialelv 
in  front  of  the  sulcus  terminali? 
and  foramen  ciwjum.  Usually  alout 
ten  in  number,  they  are  arranjrwi 
in  the  form  of  the  letter  V,  with 
the  apex  backwards,  just  in  front 
of  and  parallel  to  the  sulcus  ter- 
minalis.  One  or  two  of  the  papilla 
are  usually  placed  at  the  apex  of 
the  V,  immediately  anterior  tf»  the 
foramen  (tecum.  In  appeamnc-e  u 
*^  ^  circumvallate  papilla  resembles  ven* 
closely  the  impression  lelt  by  prtss- 
iug  the  barrel  of  a  small  pen  on  soft  wax  (Fig.  710).  Each  is  composed  uf  a 
cylindrical  central  part  (1  to  25  mm.  wide),  slightly  tapering  towards  its  ]»ase.  aiui 
tiattened  on  its  crown,  which  projects  a  little  above  the  general  surface  of  the  tonjrutf. 
This  is  surrounded  l»y  a  deep,  narrow,  circular  trench  or  fossa,  the  outer  wall  of 
which  is  known  as  the  vallum.  The  vallum  appears  in  the  form  of  an  encirtliiii: 
(•nllar  very  slightly  raised  above  the  adjacent  surface  (Fig.  709). 

As  in  the  case  of  the  other  forms,  the  circumvallate  papillae  are  made  up  uI'jj 
central  mass  of  coriuni,  btiset  with  numerous  microscopic  pipilhe  on  the  crowns, 
hut  not  on  the  sides,  and  covered  over,  as  are  the  surfaces  of  the  fossa  and  vaUum. 
by  stratified  squamous  epithelium.  Into  the  fossae  open  the  ducts  of  some  small 
serous  glands  (Fig.  711). 

On  the  sides  of  the  circumvallate  papilhe.  as  well  as  upon  the  opposed  surface 
of  the  vallum,  are  found,  in  considerable  numbers,  the  structures  known  as  taste- 
buds,  the  special  end-organs  of  the  nerves  of  taste. 

The  apex  (apex  linguje),  and  the  margin  (margo  lateralis)  of  the  tongue  iu 
front  of  the  attachment  of  the  anterior  palatine  arch,  are  free,  and  lie  in  contact 
with  the  teeth  when  the  tongue  is  at  rest. 

On  till*  upiu'i"  half  or  uunv  uf  tln^  inai-fjiii  and  apex,  papillae  aro  present  as  on  the  doKuni . 
but  on  the  lower  ]).irt  Ili«*y  an-  a})sent,  and  the  surface  is  coveriMl  by  smooth  nuK.'ou:*  iiKMiibraiir. 

.luftt  in  fn»nt  (»f  tin-  anti-rior  palatine  arch,  on  the  margin,  .ire  usuially  seen  alx»ut  liw  or  nix 
<listin<.'t  vcrticiil  folds,  forming  tin*  folia  lingnse,  which  are  beset  witli  ta.stc-buds,  and  c4)rri'S]K»n'I 
to  a  wfU-dctined  area  (tlie  papilhe  foliata^)  on  tin*  side  of  the  tongue  in  certain  animals  ira'fl'ii, 
Iwuv,  etf.'.),  in  which  it  forms  an  imy>ortxint  part  of  the  organ  of  taste. 

The  inferior  surface  (facies  inferior)  of  the  tongue,  which  is  exjxjsed  by  turning 
the  apex  of  the  organ  upwards,  is  limited  in  extent  TFig.  712),  and  is  free  frum 
visible  pa})illa*,  the  surface  being  covered  by  a  smooth  mucous  membrane.     Sunning 


Tli^ 


A  i-ircninvallatv  papilla.     >:  1'2. 

Fid.  711. — Thk  F.\pn.i,;E  ok  Tongue. 

upper  ilhistnitioii  shows  conical  aud  ftnigiforiu  )ia]»illR>. 

the    lower   a    (.ircumvaUate    papilla.       i\    Coriuin,    and    fopameu  Ctecum 

K,    Kpitheliinn   of   the    niueous  nieinhrane.       Tlie   

<lark  hin'S  re])resent  arteries. 


\ 
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in«'ml)!';me)  wliicli  is  luiitod  to  the  ujipor  boivler  of  tliu  liyoid  bone,  and  gives  .'ittaohiiui:* 
to  tlu*  posterior  Mbros  of  the  i^eiiioj^loiisus.  From  the  sides  of  the  septum  tlie  traiisvi  r-. 
tihros  of  the  t^)n«i:ue  arise. 

TUa  mucous  membrane  on  the  anterior  two-thirds  of  the  dorsum,  and  i»ii  the  fn..' 
margins,  is  firm  .'uul  ch)sely  adherent  to  the  underlying  muscuhir  substance,  the  rtln? 
ot*  which  are  inserted  into  it.  On  the  posterior  third  of  the  dorsum,  and  (»n  tlie  inferi  r 
siirfa(.'e,  it  is  neither  so  firm  nor  so  closely  united  to  the  muscular  substiinee,  fnun  wliicl. 
it  is  separated  in  both  of  these  situations  by  a  layer  ai  submucous  tissue. 

Tlic  nnu^ous  membrane  of  the  tongue,  like  that  of  the  rest  of  the  nioutli,  is  onvr-:  I 
by  stratified  S([uamous  epithelium. 

Glands  of  the  Tongue.  Numt^rouft  small  racfnios*'  ^dands  are  found  S4.atti^ixil  iKMuAth  in- 
iiiui'ous  iiuMiibriUu*  r»r  tin*  p(»sttfri()r  tliinl  of  the  tongue  ;  and  a  small  colleetion  of  similai  ^Haii'l- 
is  j>n*seiit  at  tho  margin,  oi)j>osit^  tli(*  eircuni vallate  papilla*.  Small  J*eroiis  glands  an-  ;ii.- 
fuuiul  t'lnbedded  in  the  clMi-suni  near  the  circumvallate  papilhe,  into  the  f<vsit»  of  which  tb.ir 
diK.'ts  o]K*n  (Fig.  711). 

Till-  «.'lii«-f  rnlK'pti«»iis  of  glandular  tissue  in  tlio  tongue,  however,  aiv  fouml  enilK-«ld»-»I  in  tfi- 
mus«li*  of  the  midiT  sm-fat'e,  a  little  way  behind  the  apex,  on  f^ach  side  of  the  miihlle  liin-  Fii:. 
71  :i;.     Tliry  an-  known  as  the  apical  glands  (glandnl.-K  linguales  anteriores  of  Nnhii  t-r  Jilaii'iiTi . 

Thi'^i*  apiral  glaiuls  aii>  <lisplayed  by  nMuoviug  the  nnirous  membrane  and  aI.-«»  a  la^-r  ••( 


rniiisvj-r-u 


KpitlifliuTii 


ItbiiilM'  Ml  Lo^y 


'raiirtii  CM'*!'  {iliffH 


Mucr'li>  Ji'.V:  . 


Upturn 


nfurlfjt  Uugunllj 


Fi.;.   7i;i. 
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mil.-,  iilar  tiluvs  i'dt'iivt'd  fnini  the  unite<l  inferior  lingualis  and  nt vloglossus)  aliout  2  nnn.  i* 
ihirkii«-<>  from  th«-  im<h'r  surface  of  the  tongue  a  little  distance  )»ehin(T  the  ajK-x.  Thov  aiv  o\jti  iii 
slia]M*,  ottcii  paitly  broki'U  nj»  by  nnisoular  tilires,  and  they  measure  from  i  to  j  in.  (12  t«»  19  mni. 
in  Ifiigtli.  Th.-y  iuv  m'lwn  sHf)Us  an<l  mucous  gland.«,  and  tln*y  oj)en  by  thive  or  four  vi-n 
Miuill  duds  on  th»'  iiifi'i-ior  >urface  of  the  tt)ngue. 

Vessels.  The  chief  firfcnj  is  the  lingual  This  veK*el  i)as.»»es  foi-wanls  on  each  .side  K-nratli 
till*  hyoglos>iis  iMUsclc,  and  then  is  continued  on  to  the  apex — between  the  geiiioglu.-^u.*  on  tl- 
inner  sich-  and  tin-  infi-iior  lingualis  externally — under  the  name  of  the  ranine  artery.  Ant<.*ri"rly 
il  i^c(»vere<l  ])y  the  fibres  of  the  inferior  lingualis,  and  lies  J  to  |  inch  from  the  .surface.  Nvar 
th«-  aju'x  the  arleries  of  opposite  sides  are  connoctetl  by  a  branch  which  jnertvs  the  soptuiu,  but 
f»lher\visi«,  ^vilh  the  «'xception  of  capillary  anastomosis,  ihey  do  not  eonnuunieatv.  The  dorsalis 
linguae  branch  < if  the  lingual  is  distributed  to  the  pharyngeal  part  of  the  t^mgue,  whil-t  smi- 
twigs  of  the  tonsillar  branch  of  the  facial  are  also  distributt^l  in  the  same  region. 

Tin-,  rn'ns  aiv  :  tin.-  ranine,  the  chief  vein,  which  lies  beneath  the  nmcous  meiubi-ane  at  tli- 
^idf  of  tin-  fn-nuin,  and  runs  liackwairls  (»ver  the  hyoglossus  nmscle  with  the  hyjvigk».s«il  mnv. 
1  wn  venae  comites,  wliich  ac<^»ni]»any  the  Hngual  artery  ;  and  a  dorsalis  lingnsB  vein  from  the  bi«V. 
•  •f  til.'  tongue.  These  either  unite  and  form  a  common  trunk,  or  o]H»n  separat«dy  into  the  intt-ni.il 
jugular  vein. 

Nerves.  The  nt-rves  which  supply  the  tongue  are  :  (1)  The  hypoglossal,  the  motor  ut-iyr  ■■: 
thi*  tnii^nic,  wliicli  cntt-rs  the  geniogtossus  an<l  pa'wes  up  in  its  substance  to  the  intrinsic  musiir?, 
in  whiiji  it  .n'ls.  :2;  The  lingual,  a  branch  of  the  inferior  maxillary  nerve,  wliich  is  aoi-in- 
]»nii!i|  by  till' chorda  tympani  branch  of  the  facial.  The  lingual,  after  crossing  the  hyogh>>n- 
niu.>cle,  l»r«*aks  uj»  and  enters  the  inferirn*  lingualis  and  g(uiit)glop.suB,  and  thus  makes  it*  hmv 
nj)\yniii<  bt  the  mucous  membrane  of  the  anterior  two-thiitls  of  the  tongue — tlu'  lingual  itA'if 
(inferring  common  sen-^aWon  on  Wu-a  ^TVT^.^  V\v<i.  dvQvd^  tvui^ni  probably  carrying  to  it  ta*ie 
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(3)  The  glossopharyngeal  nerve  passes  forwards  beneath  the  upper  part  of  the  hyoglossus, 
I'lids  its  temiiiial  branches  to  the  mucous  membrane  of  the  posterior  third  of  the  tongue, 
yiiig  the  circumvallate  papillae,  and  the  part  of  the  tongue  behind  these,  with  both  gustatory 
juimon  sensory  fibrea  (4)  The  internal  laryngeal  nerve  also  distributes  a  few  fibres  to  tlie. 
•ior  part  of  tlie  base  of  the  tonmie,  near  the  epiglottis. 

K'  lymphatics  of  the  anterior  naif  of  the  tongue  i)ass  down  through  the  floor  of  the  mouth 
>in  the  submaxillary  lymphatic  glands.  Those  from  the  posterior  half  run  with  the  ranine 
KToss  the  hyoglossus  muscle  (where  they  are  connected  with  some  small  lingual  glands)  and 
he  deep  cervical  glands. 

GLANDS. 

''arioiis  organs,  differing  widely  both  in  structure  and  function,  are  commonly 
ded  under  the  general  term  glands.  It  is  made  to  embrace :  (a)  the  glands 
ducts,  such  as  the  digestive  glands  (liver,  pancreas,  salivary  glands,  etc.),  the 
t  and  sebaceous  glands  of  the  skin,  the  testes,  etc.,  and  the  small  glands 
jdded  in  the  walls  of  the  digestive  and  respiratory  tracts;  (6)  the  so-called 
ess  glands  (spleen,  thyroid,  suprarenals,  etc.),  which  possess  no  ducts,  but 
V  their  secretions  into  the  blood  or  lymph  passing  through  them.  We  shall 
consider  only  the  true  glands^ — namely,  those  included  in  the  first  group 
iioned  above,  which  are  all  characterised  by  the  possession  of  ducts ;  and  what 
ivs  refers  to  them  alone. 

gland  may  be  defined  as  an  epithelial  orean  which  separates  or  elaborates  from  the  blood 
substance  wldch  is  either  to  be  dischargea  from  the  body  or  used  further  in  the  economy. 
>roduct  of  the  activity  of  the  gland  is  known  as  its  secretion,  and  the  secretion  is  conveyed 
destination  in  all  true  glands,  as  explained  above,  by  the  gland  duct 

very  gland  is  primarily  an  outgrowth  of  the  epithelium  from  the  surface  to  which  the  secre- 
►f  the  gland  is  to  be  subsequently  conveyed.  This  outgrowth  may  remain  undivided,  con- 
ing a  simple  gland.  On  the  other  hand,  it  may  break  up  into  two  or  more  branches,  giving 
o  a  compound  gland.  We  thus  arrive  at  the  two  great  classes  of  glands — simple  and 
ound. 

simple  gland  may  remain  tubular,  when  it  is  known  as  a  simple  tuhUar  yland,  of  which 
rkuhn's  follicles  in  the  wall  of  the  small  intestine  and  the  sweat  glands  are  examples.  Or 
y  be  dilated  at  its  extremity,  the  enlargement  being  known  as  an  acinus  (d^iyot,  a  grai>e  or 
-stone)  or  alveolus,  thus  constituting  a  simple  acinous  or  alveolar  gland,  of  which  then*  are 
xamph«  in  man  (viz.  some  sebaceous  glands),  though  they  are  numerous  in  the  skin  of  the 
etc  This  gives  us  two  varieties  of  simple  glands — tubular  and  acinous  or  alveolar, 
iruilarly  a  compound  gland  may  remain  tubular,  constituting  a  compound  tubular  (jlund,  such 
e  kidney,  testicle,  and  the  majority  of  the  gastric  glands.  Or,  on  the  other  hancl,  the 
inal  branches  of  its  ducts  may  be  beset  with  ailatations  (t.e.  acini  or  alveoli),  giving  rise  to 
pound  acinous  or  alveolar  gland,  which  latter,  owing  to  a  remote  resemblance  prtisent^^d  by 
iHteriug  lobules  to  a  miniature  bunch  of  grapes,  is  often  known  as  a  racemose  gland  {racemm^  a 
?r).     Most  of  the  glands  of  the  body  are  examples  of  this  variety — e,g.  the  salivary  glands,  the 

glands  of  the  mouth,  tongue,  pharynx,  oesophagus,  respiratory  passages,  eyelids,  etc  Thus 
•nve  at  two  varieties  of  compound  glands  also — tubular  and  acinous  or  alveolar. 

comiH)und  acinous  (racemose)  gland  is  composed  of  a  main  duct  which  branches  and 
finches  more  or  less  freely  according  to  the  size  of  the  gland,  and  the  terminal  divisions  of 
li  end  finally  in  specialised  secreting  parts,  the  acini  or  alveoli,  quite  distinguishable  from 
ucts  or  conducting  parts.  In  true  acinous  glands  the  acini  or  alveoli  are  distinctly  saccular  ; 
her  glands,  such  as  the  i)ancreas,  this  is  not  the  case,  the  acini  being  long  and  narrow, 
xlinglv,  the  term  acino-tubular  has  been  introduced  and  applied  to  glands  of  this  latter 
whict  is  usually  made  to  include  the  pancreas,  the  prostate,  and  Brunner's  glands.' 
i  Hh(mld  be  addwl  that  the  term  acino-tubular  is  by  some  authors  use<l  exclusively  instead 
inous  for  all  racemose  glands. 

here  is  one  gland,  however,  which  cannot  be  included  in  any  of  the  al)ove  varieties,  and 
h  must  l>e  placed  in  a  class  by  itself.  This  is  the  liver.  It  is  composed  of  an  enormous 
jer  of  small  secreting  lobules,  lx»tween  which  run  the  branches  of  the  bile-duct.  These 
es  in  the  mammalian  liver  cannot  in  any  way  be  compared  to  acini,  or  to  collections  of  acini, 
eir  cells  are  not  arranged  around  a  central  lumen,  but  form  a  practically  solid  mass,  with 
ite  bile  capillaries  running  everywhere  between  them.  It  might  in  mammals,  for  want  of  a 
r  term,  be  cla^'sed  as  a  solid  gland, 
he  foregoing  may  be  summarised  in  tabular  form  thus : — 

Simple  glands.    Duct  undivided. 
(a)  Simple  tubular.    -Undilated  at  end — e.g.  Lieberktihn's  follicles,  sweat,  and  many  gastric 

glands. 
(h)  Simple  acinous  (alveolar  or  saccular). — Dilat<Ki  at  end— ^.^r.  some  sebaceous  glands  (rai-e) 

Some  authorities  coiijtider  the  glands  of  Brunncr  to  belong  to  the  class  of  compound  tubular  glands 
enhain,  Watiiey,  Jonnesco,  etc.). 
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Small  «l;u'l  from  an  ulv»*oIus 
LiiriTi'  duct 


r  r.  Compound  glands.     Duct  divided. 
.//)  Compound  tubular.  -  Branched   elongated   tubes,  no  arini--f.y.   testes,  kidney,  nip-r 

jxastric  glands. 
(/>)  Compound  acinous  or  alveolar  (raoeniofle  glands),  bramhed  duct  witJi  sin^'ular  u.jtii  ..: 
terminal  Ijianches — r.//.  salivary,  sebaceous,  and  Meilxjmwn  glanjls  ;  tlie  niU'  f-u.-  ;:l.ii  l- 
o\'  tin*  inoutli,  t(»ngiie,  t>;ilate,  jdiarynx,  nose,  ocflophagiid,  and  i-e^pinitory  tulx.-. 
<r)  Acino-tubular.     Branched  duct,  with  elongat^xl  narrow  acini  on  terminal  branch^ 
])ancr('as,  Brinnif-r's  glands,  prostate. 
III.  Solid  gland.— The  liver. 

To  wivr  cunFu-^ion  it  may  be  pointtd  out  that  instead  of  a<'inus  the  term  alveolus  ;iud  :i.'- 
^arriilc  and  t'ulli«lr)  is  ni'tm  used,  an«l  also  that  the  term  "racemose  gland"  is  often  i'nnv.-iiitiir'v 
um*<1  inst.<'ad  of  coMii»ound  a«"in(jus  gland. 

General  Structure  of  Glands. — Whilst  the  small  glands,  such  as  th«»sv  of  tii- 

mouth  and  ])harynx,  arc  placed  in  the  mucosii  or  submucosa  immetliiitciy  heneath  ri.. 
point  fit  which  their  ducts  open  on  the  surface,  the  large  glands  form  diNtiuct  masH-. 
;;unorally  surrounded  by  special  capsules,  and  often  lie  at  a  considerable  di.>stance  fr-ui  tii- 
[)oints  at  which  their  ducts  open. 

One  of  these  large  glands  of  the  acinous  typo,  such  as  the  i>arotid  or  Kubma\ilhin. 
presents  tin*  following  general  arningement.  The  gland  is  made  up,  as  can  be  sen  wiili 
the  unaided  eye,  of  a  number  of  masses,  often  as  large  as  peas,  which  are  surroundc-*!  ai.i 
h(;ld  together  by  connective  tissue.  These  are  known  as  lobes,  and  to  each  a  bi-amli  f 
the  duct  ])asses.  The  lobes  are  in  turn  made  uj)  of  a  number  of  smaller  masses-  Idbiilr- 
eairli  having  a  sjiccial  branch  of  the  lol)ar  duct.  These  again  are  coiniX)scd  of  suuillr- 
l(»l)ule.s,  and  so  on  to  a  varying  degree.  Finally,  the  smallest  are  made  up  of  a  teniiir;i; 
l)ranch  of  the  duct,  with  a  cluster  of  acini  or  alveoli  developed  upon  it. 

The  acini  or  alveoli,  the  special  secreting  portions  of  the  gland,  are  comjH»Sf«]  "f  n 
basement  membrane,  ofti.'n  fenestnited  or  basket-like,  fonned  of  flattened  cells,  -m  -L' 
outer  side  of  which  the  blood  and  lymph  vessels  lie.     The  inner  surface  of  this  mcmbniii' 
is  lined  by  the  secreting  (Ji)ithelial  cells,  usually  polygonal  in  shape,  which  almost  cii:   - 
pletely  till  the  alveolus.      A  small  hnnen,  however,  is  left,  int^-)  which  the  secretion  fii  iur 

cells  is  shed,  whenc'  i: 
passes  into  t lie  duct  «•' 
the  lobule,  and  xUm^^  t- 
the  main  duct. 

The  hlr)Of  1- vesfirKii-j-i 

^  ^,^_         ^---—  ^^  lymphatics,  on  ontern: 

l^fef*S^^T^^^(''^'^\  J^^i'^^^Jl^   ^j^'^— ^W  the  gland,  break  up  :iud 

i^  'H'  V^^'  *  v)  i^b--7^^"V^vUfflD^fc^  ^""'  branching  as  tbev 

^  ^  '  ^  ~  go,    in     the    cotnuvtivt- 

tissue  which  wmvey- 
them  to  all  part-s  of  tii- 
gland. 

Mucous  and  Seroos 
Glands.— Two  di<tinci 
varieties  of  saliv.irv 
glands  are  found,  tri- 
serous  and  the  mucou>. 
Mentor  Gianiirzi  ^^iff<^"ng  not  onlv  in  tl.-. 
nature  of  their  si^creii-ii. 
but  alstJ  in  the  charaittT 
of  the  epithelium  iiiiiiiL' 
their  alveoli.  In  thtst 
of  the  mucous  tyr"= 
(Fig.  714)  the  epi'thc 
Hal  cells  are  large,  clear, 
or  faintly  granular.  an<: 
e  near  the  base  of  the  cell.  In  addition,  many  mucous  glands. 
ImH  not  all,  have  small  tlattened  or  crescentic  cells,  distinctly  granular,  which  stain  strt^n'^v 
with  ordinary  stains,  lying  between  the  basement  membrane  and  the  bases  of  the  cUui 
cells.      These  are  tin?  rnsrt')if,'<  or  tJr.miluHfH  ofG-ianuzzi. 

In  the  acini  or  alveoli  of  serous  glands,  on  the  other  hand  (P'ig.  714),  the  epithelial 
cells  are  distinctly  granular,  the  granules  staining  well  with  ordinary  stains  ;  the  nuclei 
are  rounded  and  lie  near  the  centre  of  the  cells,  and  no  demilunes  are' present. 

Jn  man  the  ])ar()tid  vvnd  the  small  ^;lands  which  open  into  the  fosste  of  the  ciirum 


V\i\ 


AitntvFwifiw  wiMi  M.cn'tiuf:C«'Il 

714.     SKtriftN  OF  A  SKi;or.->  (ti.and  on  thk  i.kft,  a  ^fI•^oL^s  Gland 
tiN  TMK  KiiJHT  siOK  (B.iliiri  and  V.  Davuloff). 

ill  the  si-nms  jrhiiul  tin-  ,:xrjniuljir  .secri'tiiijj  cells  .-iinl  the  centrally-placed  nucleus 
slinnM  !)••  iidIimI.  The  n-lativcly  dear  rells.  with  the  dark  crescents  of 
(lianiizzi.  an*  distinclivc  in  th*-  niurous  gland. 


the  nu(!leus  li 
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vallate  {Hipilla'  alone  are  nerou*.  The  submaxillary  and  the  apical  glaud  of  the  toiigtie 
are  mixal^  the  serous  alveoli  being  the  more  numerous;  whilst  the  subliugual,  labial, 
buccal,  and  all  other  glands  of  the  mouth,  tongue,  and  palato  are  said  to  be  mm-otus. 


^^.^ 


Glands. 


This  term  is  generally  understood  to  include  only  the  three  large  masses  ol" 
glandular  tissue  found  on  each  side  of  the  face — namely,  the  parotid,  submaxillary, 
and  sublingual  glands.     But,  as  previously  pointed  out,  numerous  other  small  glands 

ypoglusml  nervK 

*  liitenial  carotid  art^rj- 

Pllf'lii  ■'-  1  -■ TVi^ 


Qlwsa- 

IVniti'!  Ill  And--,  f 

Tetij]|K>rt)- 
inAXlilLkTy  vqIti' 

Kxtr^nml  fATTitif], 

ftitory 

StylogkiMnfi'-  ^"f-j— -~i 

AM^'']  lit  till 

IMilflLtinfi'  nrttry 


Epiglottl 
Fin&rjTiIirm 

of  tongue 


^Pfnt-ij|i»ir>iiWP«J 
lyiji|»batlr  ^laiirl 

Srij-nTifjir 

'■.wtL'rior  ittbtliie 


PhuFyinjtH'piglottic 

AtilJTJfti  jifiiiitjiio 
arirb 


lUptit^  or  LoDgUf^ 
Conical  ptitTliB 


Fiiugifjc^rtii  ]«p{1U> 


Fit;.  715. — FIoRizoNTAL  Skction  tmuouoh  Mouth  and  Phauynx  at  thk  Levki,  ok  thk  Tonsil^. 

The  stylopharyngeus,  wliicli  is  sliowii  inimeiliately  to  the  iuuer  side  of  the  external  rarotid  artm ,  ami  tin* 
l»revt>rtehral  niUHoles,  are  not  indicated  by  referenee  line«. 

of  a  similar  nature  are  found  in  the  lips,  cheeks,  palate,  tongue,  etc.     These  hav(^ 
already  l)een  sufficiently  described,  and  require  no  further  mention. 

Parotid  Gland  (glandula  parotis). — This,  the  largest  of  the  salivary  <(lands,  is 
a  distinctly  lobulated  mass  of  a  yellowish  or  light  reddish -brown  colour,  which  is 
placed  in  a  deep  recess  (the  parotid  recess)  at  the  side  of  the  head,  below  and  in 
front  of  the  ear  (Fig.  716).  It  extends  up  to  the  zygoma,  down  to  the  angle  of 
the  jaw  or  even  to  a  lower  level,  and  })ackwards  to  the  stemo-mastoid  muscle. 
Internally  it  lies  on  the  styloid  process,  and  anteriorly  its  facial  process  is  continued 
for  a  variable  distance  over  the  surface  of  tlie  masmiter. 

When  the  gland  is  carefully  removed  without  disturbing  the  Hurrounding  parts,  the 

recess    which    it   occupies    is  seen   to  l>e  a  considenible  space,   between    the  ramus  of 

the  jaw  in   front  and   the  sterno-inavstoid   nuiscle   behind,  with  a  floor  formcil  of  two 

sloping  walls,  an  anterior  and  a  {wsterior,  which  meet  at  an  angle  corresponding  \»rettY 

68 
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closely  to  the  styloid  process.  Thus  the  recess  is  three-sided  (Fig.  715),  the  thiri 
side  corresponding  to  the  parotid  fascia  covering  the  gland.  Into  this  jmrofid  rt^-fi*  x\w 
greater  part  of  the  parotid  gland  fits  closely.  From  its  anterior  part,  however,  tht 
variably-developed  facial  process  is  continued  forward  over  the  masseter  muscle. 

Parotid  Fascia. — The  parotid  recess  is  covered  over  on  the  one  hand,  and  lined  •►n  \\\*- 
other,  by  fascia.  The  covering  layer  is  specially  known  as  the  ])arotid  fascia,  and  Uitli  it 
and  the  lining  layer  are  derived  from  the  deep  cervical  fascia,  which  divides  bt-low  t- 
enclose  the  gland.  The  parotid  fascia  proper  is  connected  above  to  the  zygoma  ;  behirnl,  u. 
the  auditory  meatus  and  anterior  l)order  of  the  stemo-mastoid ;  below,  it  is  c^tntinuou'. 
with  the  deep  cervical  fascia,  and  in  front  it  passes  forwards  over  the  masseter,  and  blelI'l^ 
with  the  fascia  of  that  muscle.  The  layer  of  fascia  beneath  the  gland  forms  a  linini:  for 
the  recess,  and  is  united  alx)ve  to  the  periosteum  over  the  auditory  meatus  and  hack 
part  of  the  glenoid  fossa  ;  internally  it  is  connected  to  the  styloid  process ;  whilst  below  it 

joins  the  deep  cervical 
fascia.   Taken  together, 
the  two  layers  form  n 
definite   capsule  which 
completely  encloses  the 
gland.       In    connexion 
with     the     lower    anil 
anterior    part    nf   th> 
capsule  is  developi^^  a 
special    flat   band,  the 
stylo-mandibnlar  lifi^ 
ment,   which  passM 
downwards     and    out 
wards  from  the  styl-ii-J 
process  to  the  angle «' 
the  jaw.      It  separates 
the  anterior  part  of  the 
parotid  gland  from  thr 
back    of    the    hitormd 
pterygoid  muscle:  ficf- 
haps  occasionally,  al&\ 
from     the    upper  and 
l)osterior    |>art    of  the 
submaxillary  gland. 

Shax>e    and  Rela- 
Dtitrtof&»thoiiii(mn)  tions  of  the  Parotid 

/'J'"^™'*'^^^*  Gland.  — Like   the 

^ , ,.      ,  ,   /  recess    m    which  it 

lies,   the    mam  mass 

of  the  iMirotid  glaud 

is    three -sided   (Fig. 

sublingual  and  ^he  deeper  parts  of  the  submaxillary  glands.     Four  ducts  of  *  ^*^)*         tlie        thret? 

the  .sublingual  gland  are  shown  opening  on  the  floor  of  th(;  mouth  over  the  SUlfaceS  being  SUpcr- 

gland,  a  fifth  is  sliown  openintj  into  the  anterior  end  of  Wharton's  duct,  ficial       anterior      and 
The  course  of  Wharton's  duct  is  shown  by  a  dotte<l  line.  .  '  .  ' 

posterior. 
The  su2ierfi<',ial  surface  is  closely  covered  by  the  parotid  fascia,  and  its  lower 
part  is  also  crossed  by  the  highest  hbres  of  the  platysma.     The  anterior  mrfao:, 
approximately  flat,  lies  in  contact  with    the  wide  posterior   surface  of  the  in- 
ternal pterygoid  muscle ;  it  is  also  related  to  the  posterior  border  of  the  mandible 
and  the  masseter  muscle,  whilst  from  its  superficial  part  the  flsunal  procesg  it 
continued  forwards  over  that  muscle.     The  posterior  surface  lies   from  witliont 
inwards  against  (1)  the  anterior  border  of  the  stemo-mastoid  and   the  aiiditonr 
meatus,  (2)  the  posterior  belly  of  the  digastric  and  the  occipital  artery,  and  ''3)  tlw 
spinal  accessory  nerve  and  carotid  sheath — the  internal  jugular  vein  within  the 
sheath  being  in  very  close  relation.      The  inner  angle  formed  by  the  meeting 
of  the  antt^rior  and  posterior  surfaces  corresponds  to  the  styloid  process  and  ihi? 
styloid   muscles  (Fig.    715).      Above,   the   gland  is   Umited  superficially  by  tk 
zjlfoma. ;  more  deeply  a  tVviu  ^^roceaa  xwu^  w^  into  the  posterior  part  of  the 


Stenson's  duct 
Orifice  of  duct 
Pjin»ti<l  jjlaiid    — 

Masseter  (cut) 

Mucous  nienibrauf 

(cut) 

Deej)  |)rocoiw  of 

KiibniHxillary  ^land 

Mylohyoid  niu.scic 

(cut) 

Submaxillary  ^laiid 

Lower  l»ordt*r  of 
mandible 

Myluhytiid  muscle 

Antericir  In^lly  of 

diga>rrir 

Ilyohl  iM.mc. 


Fkj.  716.     Thk  Sai.ivahy  (Jlands  and  thkir  Ducts. 
'J'he  greater  portion  of  the  body  of  the  mandible  has  l)een  removed  to  expose  the 
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besa.  Inferiarly  it  usually  reaches  a  little  distance  below  a  line  prolonged  hori- 
zontally backwards  from  the  angle  of  the  jaw,  but  its  limit  in  this  direction  is 
rariable. 

Occasionally  the  parotid  ^land  passes  down  a  considerable  distance  below  the  angle  of  the 
oaudible,  lying  here  superficial  to  the  posterior  part  of  the  submaxillary  gland,  from  which  it 
s  separated  bv  a  thickened  band  of  the  deep  cervical  fascia,  passing  from  the  angle  of  the  jaw  to 
he  fascia  of  the  stemo-mastoid.    At  other  times  it  docs  not  quite  reach  the  angle. 

The  fiEM^ial  process  of  the  gland — often  of  considerable  size — is  a  flat  and  some- 
Rrhat  triangular  portion  which  runs  forwards  from  the  upper  part  of  the  gland,  and 
)verlaps  the  masseter  muscle  to  a  varying  extent;  from  its  most  anterior  part 
he  parotid  duct  emerges,  and  a  separated  portion  of  this  process,  often  found  lying 
mmediately  above  the  duct,  is  known  as  the  socia  parotidiB  (glandula  parotis 
iccessoria). 

Traversing  the  substance  of  the  gland  (Fig.  715)  are  found : — (1)  the  temporo- 
oaxillary  vein ;  (2)  on  a  deeper  plane,  the  branches  of  the  facial  nerve  passing 
orwards;  and  (3)  more  deeply  still,  the  external  carotid  artery  which  lies  beneath 
he  lower  part  of  the  gland,  but  is  embedded  in  its  deep  surface  above.  Just 
efore  it  emerges,  the  artery  divides  into  its  two  terminal  branches  in  the  gland 
abstance. 

The  parotid  or  Stenson's  duct  (ductus  parotideus)  leaves  the  anterior  border 
f  the  gland  at  its  most  prominent  part  (Fig.  716).  It  first  runs  forwards  across 
he  masseter,  usually  accompanied  by  the  socia  parotidis  which  lies  above  it, 
.nd  also  by  branches  of  the  facial  nerve;  whilst  the  transverse  facial  artery 
3  commonly  some  distance  above,  though  its  relation  is  variable.  Having  crossed 
he  masseter,  it  turns  abruptly  round  the  anterior  border  of  this  muscle  and  runs 
awards  through  the  fat  of  the  cheek,  practically  at  right  angles  to  the  first  part  of 
ts  course,  to  reach  the  buccinator,  which  it  pierces.  Then  passing  for  some  distance 
5  to  10  mm.)  between  the  buccinator  and  mucous  membrane,  it  opens  into  the 
restibule  of  the  mouth  by  a  very  small  orifice,  on  a  variably-developed  papilla, 
opposite  the  crown  of  the  second  upper  molar  tooth. 

The  course  of  the  duct,  which  is  fairly  constant,  can  be  marked  on  the  side  of 
he  face  by  drawing  a 'line  from  the  lower  edge  of  the  auditory  meatus  to  a  point 
aidway  between  the  ala  of  the  nose  and  the  red  of  the  lip;  the  middle  third 
»f  this  line  corresponds  fairly  accurately  on  the  surface,  to  the  course  pursued 
)y  the  duct. 

Tlie  gland  varies  in  weight  from  half  an  ounce  to  an  ounce  or  more.  Several  small  lobes  or 
iroceases  are  found  in  connexion  witli  it — viz.  one  running  backwards  between  the  stemo-mastoid 
md  the  di^tric ;  a  glenoid  lobe  of  very  small  size,  which  lies  in  tlie  posterior  part  of  the 
glenoid  cavity ;  a  pharyngeal  process  (Fig.  716),  which  runs  forwards  and  inwards  between  the 
tyloid  process  ana  the  external  carotid  artery  towards  the  pharynx.  A  pterygoid  extension 
luming  forwards  between  the  two  pterygoid  muscles,  altliough  described,  cannot  properly  be  said 
o  exist. 

Stenson's  duct  measures  from  1^  to  2^  inches  (38  to  62  mm.)  in  length,  and  ^  inch  (3  to  4  mm.) 
n  diameter.  The  cahbre  of  the  auct  is  very  much  greater  than  that  of  its  orifice,  whicli  only 
dmits  a  fine  bristle,  and  for  this  reason  the  duct  may,  to  some  extent,  be  looked  upon  as  a 
•eservoir  for  the  saHva,  as  well  as  a  duct  for  its  conveyance.  In  the  child  it  pierces  the  "  .sucking 
lad  "  on  its  way  to  the  mouth. 

Vessels  and  Nerves. — The  arteries  which  supply  the  gland  arise  from  the  extenial  carotid, 
nd  from  the  branches  of  this  artery  in  relation  to  the  gland. 

The  Yeins  join  the  temporo-maxillary  and  its  tributariea  The  lymphatics  pass  to  both  the 
uperficial  and  the  deep  cervical  glands ;  there  are  also  a  few  small  parotid  lymphatic  glands, 
rhich  lie  on  the  surface  of  the  upper  and  lower  part  of  the  parotid  beneath  the  capsule.  Some 
re  said  to  be  embedded  in  the  substance  of  the  parotid  itself. 

The  nerves  are  derived  (a)  from  the  auriculo-temi)oral,  and  (6)  from  the  sympathetic  on  the 
xtemal  carotid.  The  fibres  of  tlie  sympathetic  are  mainly  vaso-constrictor.  Those  of  the 
oriculo- temporal  convey  to  the  gland  secretory  fibres  from  tlie  gloeso-pharyngeaL 

Submaxillary  Gland.— The  submaxillary  gland  is  next  in  size  to  the  parotid, 
ad  resembles  it  in  its  lobulation  and  colour.  It  is  placed  partly  in  the  sub- 
laxiUary  triangle  and  partly  under  cover  of  the  posterior  part  of  the  mandible 
ear  its  angle  (Fig.  716). 

In  size  and  shape  it  may  be  compared  to  a  small  walnut  with  tlviNfe  fcaXX«?Ckfe\ 
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sid(is.  It  is  enclosed  in  a  complete  capsule  derived  from  the  deep  cervical  fascia: 
embedded  in  this  capsule,  and  sui)erficial  to  the  gland,  are  found  a  few  suhmaxillan' 
lymphatic  glands,  which  are  of  im\X)rtance  owing  to  their  connexion  with  tin- 
lymphatics  of  the  lips  and  of  the  anterior  half  of  the  tongue. 

Ill  consiileriiig  the  relations  of  the  gland,  it  is  well  to  remark  that  there  is  in  llii>  iv^.doii  i 
three-sided  sj)Jice  lx)unded  cxtei-nally  by  the  inner  surface  of  the  mandible  Ik-Iow  tlie  mylf»liyi..il 
ridge,  internally  and  above  by  tlie  mylohyoid  muscle  running  inwards  and  do\niwarcls,  and  l.vl-.w 
by  the  skin  and  fascia  jiassing  from  the  margin  of  the  jaw  obliquely  inwards  and  <lowiiwards  lo  J:.]l 
the  side  of  the  neck.  In  tliis  sjiace  the  gland  lies  with  external,  internal,  and  inferior  tiirf-i*..^ 
corresptmding  to  the  walls  of  the  space. 

The  swperjicial  or  inferior  surface  looks  downwards  and  outwanls ;  it  is  cuwn? I 
l)y  th(^  deep  cervic<'xl  fiiscia  and  the  x>laty8ma,  and  is  crossetl  ]»y  the  f<icial  veiu, 
which  lies  suijerticial  to  the  gland,  whilst  the  artery  passes  in  part  l>encath  it.  The 
external  surface  rests  against  the  inner  aspect  of  the  lower  jaw  (»u])maxillar)-  fossit 
fur  an  inch  and  a  hall'  forward  from  the  angle,  to  which  Litter  it  usually  rtiaches 
JKihind.  The  dee2>  or  internal  surface  lies  on  the  posterior  i)art  of  the  mylohyoid 
muscle,  and  l)ehind  this,  on  the  hyoglossus  and  the  posterior  l»elly  of  the  diga:«tric  ' 
with  the  stylohyoid ;  for  the  gland  is  not  contained  within  the  limits  of  the  ^n\^ 
maxillary  triangh^  iuferiorly,  but  passes  down  some  little  distance  over  the  diga.stric 
nmscle.  From  the  deep  surface,  anterior  to  its  middle,  a  narrow  tongue-like  deep 
process  (Fig.  710)  is  continued  forwards  l)eneath  the  mylohyoid  muscle  along  with 
the  duct. 

The  posterior  end  of  the  gland,  which  is  its  most  bulky  iK)rtioii,  either  abut 
against,  or  lies  very  close  to,  the  sterno-mastoid,  and  is  often  overlapjieil  by  tht 
bnvtjr  eml  of  the  parotid  gland.  The  facial  artery,  on  its  way  to  the  In^rder  «>f  tin 
mandible,  lies  in  a  groove  in  the  upper  and  back  part  of  the  gland. 

The  submaxillary  or  Wharton's  duot  leaves  the  deep  surface  of  the  gliiuJ 
a]>out  its  middle,  and  runs  forwards  beneath  the  mylohyoid  muscle  with  ilie  dw]- 
process,  ab)ng  the  upper  and  inner  aspect  of  which  it  is  placed  (Fig?*.  716  and  712. 
Pursuing  its  course  forwards  }>eneath  the  floor  of  th({  mouth,  on  the  inner  i^ide  of 
the  sublingual  gbmd,  the  duct  crosses  the  hyoglossus  and  the  genioglassus  mustfe 
an<l  finally  op'us  on  the  floor  of  the  mouth  at  the  side  of  the  frenulum  Ungu*. 
where  its  small  orifice  is  placed  on  the  summit  of  a  soft  papilla  (caruncula  sub- 
lingualis) close  to  its  fellow  of  the  opposite  side. 

Wliile  nnining  forwaid  beneath  the  floor  of  the  mouth  the  duct,  which  is  about  two  iiicht< l-.-i^v 
(r>0  nnii.),  is  cruss«(l  on  its  inferior  a.spect  by  the  lingual  nerve  near  the  anterior  iMjnler  uf  iL- 
hyoglossus,  that  is  ojjposite  the  2nd  molar  tooth.  Tlie  nerve  at  the  time  is  arching  friim  :hr 
jxjsterior  en<l  of  the  myloliyuid  ridgo  (against  which  it  lies)  inwards  and  forward.**  in  onltT  i  • 
reacli  tlie  under  surface  of  the  tongue,  and  in  this  couree  it  passes  beneath  the  duct  at  the  i>uiu: 
iudi«utefl.  As  ui  the  case  of  Stenson's  duct,  the  calibre  of  Whart^ai's  duct  is  much  gntater  tlrtn 
that  of  the  orifice^  by  which  it  0TH*ns  ;  for  this  reason  it  may  likewise  )x!  looked  u[Kin  a.s  fijmiiti:. 
to  some  i'Xte.nt,  a  reservoir  for  the  saliva  secreted  by  the  gland. 

Vessels  and  Nerves.— The  arteries  come  chieily  from  the  facial  and  its  subnu^ntal  braii:1i: 
the  veins  are  si»\ilarly  dispose<l.  The  nerves  are  derived  from  the  submaxillary  gangliun  fwlii  i. 
lies  abc.jve  the  deej)  jnocess  of  the  gland),  and  are  ccmiposiMl  of  librej*  fmm  the  ciiiirila  tymj»ai.'. 
from  thtr  lingual,  and  from  the  symi^thetic  on  the  facial  artery.  The  lymphatics  ikiss  !••  tbr 
submaxillary  lymphati<^  glands. 

Sublingual  Gland. — This  is  an  elongated  almond-shajied  m«i88,  flattened  frob 
side  to  si(U;,  and  much  wider  ffrom  above  downwards)  in  front  than  l>ehind,  wbii'li 
lies  on  th<i  floor  of  the  mouth  Umeath  the  phcA  sublingualis — a  ridge  of  themuc^'ib 
membrane  jaoduced  by  the  promint^nt  upj)er  border  of  the  gland.  It  is  u.suallj 
trom  lA  to  1 J  inches  (.*'>?  to  45  mm.)  in  length,  whilst  its  bulk  ia  alx»ut  equid  l*' 
UiMt  <»f  two  or  three  almonds. 

Jt  is  ])biced  l)etween  the  mandilde  externally,  the  genioglossus  iutemallr,  tik' 
mylohyoid  muscbi  l^ebnv,  and  tlie  mucous  membrane  of  the  mouth  al)ove  (Fi«'.*70G:. 

its  dotaileil  rolations  are  iis  follows  : — Its  outer  surface  rests  against  the  inner  aspect 

of  the  body  of  the  mandible  above  the  mylohyoid  ridge.     Its  inner  iturface  is  in  caattti 

with  the  genio;:!:lossus  and  the  byoglos.sus  nuiscles,  as  well  as  with  AVhai'toii's  duct,  whidi 

runs  forwards  between  the  gland  and  tlie  muscles.     Belou%  it  rests  on  the  mylohyoid^  aaii 

at  its  i)osterior  part  cm  t\\e  dce^  \^TWlev,^  ^\  W\^  ^\>Siw\^^\Ua.v^  ^land  ;    whilst  its  Hfl*  i 
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prominent  border  is  covered  only  by  the  mucous  membrane  of  the  mouth,  here  raised  up 
by  the  gland  to  form  the  plica  sublingualis  (Fig.  712).  The  anterior  portion  of  the  gland 
is  much  deeper  and  more  bulky  than  the  posterior  half,  and  it  meets  its  fellow  in  the 
middle  line  beneath  the  frenulum  linguae.  The  posterior  extremity  grows  gradually  more 
slender,  and  ends  near  the  posterior  part  of  the  mylohyoid  ridge,  where  it  lies  above  the 
deep  process  of  the  submaxillary  gland. 

Its  ducts,  generally  known  as  the  ducts  of  Bivinus  (ductus  sublinguales  niiuores), 
are  numerous  and  of  small  size ;  they  leave  the  upper  part  of  the  gland,  and,  after  a 
short  course,  open  on  a  series  of  papiUse,  visible  to  the  naked  eye,  which  are  placed 
along  the  summit  of  the  plica  sublingualis. 

The  gland  is  not  enclosed  in  a  distinct  capsule,  thus  differing  from  the  parotid  and  submaxil- 
lary glands  ;  but  its  numerous  lobules,  which  are  smaller  than  those  of  the  glands  jiiat  mentioned, 
*re  held  together  by  fine  connective  tissue,  loosely,  but  still  in  such  a  manner  as  to  make  one 
more  or  less  consolidated  mass  out  of  what  was,  in  the  embryo,  a  number  of  separate  glands. 

As  a  rule  all  the  ducts  open  separately  on  the  summit  of  the  plica  sublingualis,  and  appar- 
ently none  of  them  join  Wharton  s  duct  Frequently  some  of  those  from  the  anterior  and  more 
bulky  part  of  the  gland  are  larger  than  the  otliers,  but  the  presence  of  a  laige  duct  running 
alon^ide  of  Wharton's  duct,  and  opening  with  or  beside  it  (ductus  major  Riviui,  duct  of 
Bartholin),  is  very  rare,  and  must  be  consiaered  as  an  exceptional  condition  in  man,  although 
normal  in  the  ox,  sheep,  and  goat  The  same  may  also  be  said  of  ducts  from  the  sublingual, 
which  are  described  as  opening  into  the  duct  of  Wharton. 

Vessels  and  Nerves. — The  arteries  are  derived  from  the  sublingual  branch  of  the  lingual 
and  from  the  submental  branch  of  the  facial.  The  nerves  come  from  the  lingual,  the  cliorda 
timpani,  and  the  sympathetic,  through  a  branch  of  the  submaxillary  ganglion  which  joins  the 
lingual,  and  is  conveyed  by  it  to  the  gland. 

The  apical  gland  of  the  tongue  (Nuhn's)  is  described  with  the  tongue,  p.  1006. 

Development  of  the  Salivary  Glands,  Palate,  and  Tongue. 

The  general  development  of  the  lips,  mouth,  palate,  and  tongue  is  described  on  pages 
37  to  42,  and  reference  wil'  be  made  here  only  to  a  few  special  points  bearing  upon  this 
matter. 

Several  explanations  of  the  formation  of  the  philtrum  or  groove  on  the  front  of  the 
up]>er  lip  have  been  put  forward ;  most  probably  it  is  produced  by  the  union  of  the  median 
fronto-nasal  process  with  the  two  maxillary  processes  (see  p.  39),  the  floor  of  the  groove 
being  formed  by  the  fronto-nasal  process,  and  the  ridges  bounding  the  groove  at  the  sides 
corresponding  to  the  line  of  meeting  of  the  fronto-nasal  with  the  maxillary  processes. 

The  salivary  glands  are  developed  as  solid  outgrowths  of  the  buccal  epithelium,  one 
each  for  the  submaxillary  (the  Brst  developed)  and  the  parotid,  several  for  the  sublingual 
gland.  The  outgrowths  are  at  first  simple ;  they  subsequently  divide,  and  finally  develop 
alveolar  enlargements  on  their  extremities.  By  a  separation  of  the  lining  cells,  the  ducts, 
and  later  on  (about  the  22nd  week)  the  alveoli,  become  hollowed  out,  and  present  a  lumen 
as  in  the  adult. 

The  development  of  the  palate  is  given  at  page  40  ;  but  it  should  be  mentioned 
that,  in  order  to  account  for  the  position  w^iich  the  fissure  in  cleft  palate  usually  occupies, 
Tiz.  between  the  central  and  lateral  incisors,  the  theory  has  been  advanced  by  Albrecht, 
that  each  premaxilla  is  made  up  of  two  sepamte  segments,  an  inner  (or  endo-gnatliion), 
containing  the  central  incisor,  and  an  outer  (or  meso-gnathion),  containing  the  lateral 
incisor  (the  rest  of  the  maxilla  constituting  the  exo-gnathion).  Between  these  two 
segments  of  the  premaxilla  (endo-  and  meso-gnathion)  the  cleft  is  said  to  run,  and*  not 
between  the  premaxilla  and  maxilla  as  usually  held. 

Tongue. — The  tongue  is  developed  in  the  embryo,  not  on  the  floor  of  the  primitive 
mouth,  but  upon  the  anterior  wall  of  the  pharynx,  and  in  two  j>arts,  which  are  at  first 
distinct  but  soon  unite.  The  anterior  two-thirds  of  the  organ  is  formed  fn>m  the 
taberculom  impar,  a  single  median  elevation,  developed  on  the  ventral  wall  of  the  pharynx, 
immediately  behind  the  first,  or  mandibular,  visceral  arch.  Behind  the  tuberculuni  impar, 
at  first,  lies  a  prominent  elevation — the  furcula,  from  the  anterior  part  of  which  the 
epiglottis  is  formeil — the  two  being  separated  by  a  distinct  sulcus,  the  sinus  arcuatus 
(see  p.  37).  Soon,  however,  the  ventral  extremities  of  the  second  and  third  visceral 
arches,  growing  downwards,  unite  across  the  middle  line.  The  tuberculuni  is  thus 
separated  from  the  furcula,  and  the  middle  portion  of  the  sinus  arcuatus  is  divided  into 
an  anterior  and  a  posterior  part.  The  ventral  ends  of  the  two  arches  having  fused, 
levelopT  after  a  little  time,  into  a  prominent  semilunar  ridge,  the  rudimeut  o(  tA\<^  y^^^tv<^t 
68a 
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thiril  ot"  tin.'  tongue.  This  ridj^t.  oinbnices  the  back  of  the  tuberculum  impitr.  but  it  - 
separjitiHl  from  it  in  part  by  tlie  anterior  (livisit)n  of  the  sinus  arcuatus,  wljich  {.ivr-iv.- 
even  in  the  a(hilt  as  tlie  furanien  eiecuin,  with  the  sulcus  t^rniinalis  ruuiiiu^  ft»rwardMii.-; 
outwards  on  each  side  from  it.  Finally,  the  two  rudiments  of  the  tongue — the  tubercaluu 
impar  and  the  semilunar  ridge -bectnne  blended,  the  only  indiwition  of  the  ori^nui 
sei)aration  being  the  fcn-amen  ciecum,  the  sulcus  terminalis,  and  the  ilirteronL  char.u.-irr 
which  the  mucous  membrane  [uvsonts  on  the  two  divisions  uf  the  organ.  At  the  fommv: 
ciecum  the  downgrowth  which  gives  rise  to  the  isthmus  of  the  thyroid  gland  take?*  phicf 
and  a  part  of  the  thyro-glossal  duet  which  in  the  early  condition  connects  the  two  may  i: 
rare  wises  persist  in  the  a<lult  in  connexion  with  the  foramen. 


THE  TEETH. 

The  ItHitli  are  liighly  moditied  portions  of  the  luucons  membram^  of  the  inoiiili 
specially  developed  to  i)erforni  the  important  function  of  mastication,  that  is,  iln 
division  and  trituration  of  the  food  which  takes  ])lnce  in  the  mouth  heforc*  the  h-'lf.^ 

as    the     re-sultiu. 


Ini  (.t^TiuFhibt'itt  luntji 
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Fig.  717.     Tkhim  tty 
r»y  ii-iii«>\iii.c  tin-  1)1  my 


('HiiJ»  uVKit  i^KVKN   Vkars  (H.u  (iiio«lifU-«l  iVoiii  Te^tut). 

ulrr  wall  of  tlu'  ;ilv»-iili.  Tin-  ri»(it«.  of  tho  l«-eth  Nvliieh  have 
aii«l  till'  ponnruicnt  tt't'tli  \Yliich  ;mv  .still  eiiibi.Mlili.Hl  in  tlu- 
man«lil>le  ttml  maxilla,  liavf  \h:i-u  e.\|Mise»l.  Tlu*  milk  tcoth  art"  colourt'il  bliu'. 
the  iH'iiiiaiifiit  tfoth  yi'llow.  it  will  l)r  sv*'\\  that  tlu*  first  ])eriiiaiieiit  molur.s 
have  api»i  arc'l,  tin*  <i;iilial  autl  latml  milk  iuciMirs  havo  liceii  replacfil  l»y  the 
corre"-puiiilinj;  iH.Minaneiit  lei-tli  in  the  upp«r  jaw,  luit  the  milk  canine  and 
molars  have  not  yet  In-cii  she<l.  In  the  lower  jaw  the  iientral  milk  ineis<irhas 
lietMi  repla(.'e«l  hy  thf  permanent  lentral ;  the  lati:ral  has  u(»t  \et  been  .-lied,  but 
its  perm-'un'ht  Mi'.ce»'>r  i.^  making;  it-  way  up  to  the  surtace  on  its  linj^'nal  siile. 
In  addition,  the  i  anine  and  two  molars  of  the  milk  strt  persist.  The  position 
of  the  «rowns  of  the  jiermanent  ttfth  between  the  root>*  of  the  milk  molars, 
and  the  dee])  >ituatiiin  oreupied  by  the  permaupnt  eauines  .should  Ik*  note*!. 
Oli.-erve  also  the  ab->«irptioii  ...f  the  r«>ot  of  the  lower  lateral  ineisor. 


mass  is  calleil,  cai. 
l»e  swallowed.  En !, 
tooth  ia  a  cak■i^>•J 
jmpillaof  themiioo'.:? 
membrane  oi'  the 
ivii.iaii.'tii  mouth,  and  euiie^i^b 
i!!;;^.  like  that  menihrju- 
ivniian.-ut  of  two  chief  pcHlI'.-ri* 
— namely,  the  do:;- 
tine  derived  from  ti:t 
connective  ticisuH, 
and  the  enamel  fn«iji 
the  epithelial  layer 
of  the  mucous  iiieui- 
braiie.  The  dentine 
constitutes  the  chief 
mass  of  the  t<»f'th, 
whilst  the  enamel 
forms  a  cap  foi 
the  portion  whitli 
projects  above  tlu 
gum.  Thei-e  is  als*: 
found  in  the  tt^eil 
another  specia 
tissue — the  cemen 
turn  or  cmsta  petrosa 
a  form  af  modifo 
bone — which  »'U 
cases  the  roots,  the.s 


latter  Injinji  fo^me^ 


chiefly  of  dentine. 

Dentine  am 
enamel,  Imt  jwrtiiu 
larly  the  latter,  ar 

the  hardest  and  most  resistant  structures  in  the  l)ody,  and  are  thus  specially  titta 
for  the  iinu-tions  which  they  have  to  perform. 

Temporary  and  Permanent  Teeth..— The  mouth  of  the  infant  at  birth  contain; 
no  teeth,  although  a  iiuiidjer,  ])artly  d<neloped,  lie  embedded  in  the  jaws  beneatl: 
th«'  gum.  Some  six  months  later  ttJCth  begin  to  appear,  and  by  the  end  of  th* 
second  year  a  set,  known  as  the  milk  teeth,  twenty  in  number,  has  been  "cui.' 
Then  follows  a  j>ause  of  about  four  years,  during  which  no  visible  change  take? 
place  in  tlie  mouth,  although  in  reality  an  active  preparation  for  further  develoj- 
nient  is  going  on  beneath  the  gum. 
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At  the  end  of  this  period,  namely,  about  the  sixth  year,  the  next  stage  in  the 
rotiuction  of  the  adult  condition  begins.  It  consists  in  the  eruption  of  four  new 
jeth — the  first  permanent  molars — one  on  each  side,  above  and  below,  behind  those 
f  the  milk  set.  This  is  followed  by  the  gradual  falling  out  of  the  twenty  teeth 
^hich  have  occupied  the  mouth  since  the  second  year  (Fig.  717),  and  the  sub- 
iitution  for  them  of  twenty  new  teeth,  which  take  up,  one  by  one,  the  vacancies 
reated  by  the  dropping  out  of  each  of  the  milk  set.  Finally,  the  adult  condition 
;  attained  by  the  eruption  of  eight  additional  teeth — the  2nd  and  3rd  molars — 
wo  on  each  side,  above  and  below,  behind  those  which  have  already  appeared.  All 
f  these — the  permanent  set — have  appeared  by  the  end  of  the  twelfth  or  thirteenth 
ear,  except  the  four  wisdom  teeth,  which  are  usually  cut  between  the  seventeenth 
ad  twenty-fifth  year,  but  are  often  delayed  until  a  very  much  later  period,  and 
jcasionally  never  appear. 

The  set  of  teeth  which,  as  indicated  above,  begin  to  appear  in  the  infant  about 
le  sixth  month,  are  known  as  the  deciduous,  temporary,  or  milk  teeth  (dentes 
ecidui),  whilst  those  which  succeed  them  and  form  the  adult  equipment  are  the 
ermanent  teeth  (dentes  pennanentes). 

The  milk  teetii  are  twenty  in  number,  and  are  named  as  follows  in  each  jaw, 
Bginning  at  the  middle  line : — central  incisor,  lateral  incisor,  canine,  first  molar 
ad  second  molar ;  or  more  briefly,  two  incisors,  one  canine,  two  molars.  This  is  con- 
eniently  expressed  by  the  "  dental  formula  "  for  the  deciduous  teeth  in  man,  which 
lows  the  number  of  each  class  of  teeth  above 
nd  below  on  one  side  of  the  mouth,  viz. : — 
i.  I,  c.  I,  m.  ^. 

The  permanent  teeth,  thirty  -  two  in 
umber,  are  named  in  each  jaw,  })eginning 
t  the  middle  line: — central  incisor,  lateral  crc™ 
icisor,  canine,  1st  premolar  (or  bicuspid), 
nd  premolar  (or  bicuspid),  1st  molar,  2nd 
lolar,  and  3rd  molar  or  wisdom  tooth 
lens  serotinus).  The  dental  formula  for 
tie  peniianent  set  in  man  is  thus : — 

i.  I,  c.  {,pm.  A  m.  %. 

General  Form  and  Structure.— A  tooth  ^"" 
jusists  (Fig.  718)  of  (1)  the  crown  (corona 
entis),  the  portion  projecting  above  tlie 
um,  which  varies  in  shape  in  the  different 
Beth,  and  in  all,  except  the  incisors  and 
anines,  })ears  on  its  grinding  surface  a 
umber  of  tubercles  or  cusps  (tul)ercula 
oronce),  varying  in  number  from  two  to  five  r,.. 
a  the  different  teeth ;  (2)  the  neck  (collum 
entis),  the  faintly  constricted  part  which  is 
iirrounded  collar -wise  by  the  gum,  and 
rhich  connects  the  crown  with  (3)  the  root 
radix  dentis),  the  portion  of  the  tooth 
^hich  is  (imbedded  in  the  alveolus  of  the 
laxilla  or  the  mandible.  In  the  majority 
f  teeth,  namely,  in  all  except  the  molars, 
he  root,  as  a  rule,  is  single,  or  nearly  so, 
nd  consists  of  a  long,  taiH3ring,  conical,  or 
attened  piece,  perfectly  adapted  to  tlie 
Iveolus  in  which  it  lies.  In  the  molar  teeth  (and  in  some  of  tlie  others  occiisiou- 
Uy)  the  root  is  divided  into  two  or  three  taj)ering  or  flattened  roots  or  fangs. 
Lt  the  apex  of  each  root  there  can  be  made  out,  even  with  the  naked  eye, 
minute  opening  (foramen  apicis)  through  which  the  vessels  and  nerves  enter  the 
x)th. 

On  making  a  section  of  a  tooth  (Fig.  718),  it  will  ])e  seen  that  the  interior  of 
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the  body  is  occupied  by  a  cavity  of  some  size,  generally  called  the  pul] 
■•  (cavuin  (leiitis),  owing  to  the  fact  that  it  is  filled  in  the  natural  state  hy 

I  and  jsensitive  tissue   known  as  the  pulp.      This  pulp  cavity  gradually 

J.  below,  ami  is  prolonged  into  eacli  root  of  the  t(K)th  as  a  slender  tai>ering 

{  tlie  root  canal  (canalis  radicis),  which  opens  at  the  apical  foninien  alre.ady 

I  to.     Through  thijse  r(X>t-canals,  which  also  contain   some  pulp,  the   vesj 

f  nerves,  wliich  enter  at  the  apex,  pass  to  the  interior  of  the  t(»oth. 

Short  diverticula  of  the  pulp  cavity  an^  prolonged  into  the  l»as<is  of  the 
J  tlie  molar  antl  premolar  teeth,  and  in  the  incisors  also  thert^  are  similar  sli 

•;i  longations  of  the  cavity  towards  the  angles  of  the  crowii. 

j[  The  roots  of  tlie  teeth  are  eml)edded  in  the  sockets  or  alveoli  of  the 

ii'  which  they  are  accurately  adapted,  and  firmly  united  (Fig.   718)   by  a 

;. ;  vascular  layer  of  connective  tissue — the  alveolar  periostemn  (alveolo-denta 

\  teuni  or  root-membrane).     This  is  attached  to  the  wall  of  the  alveolus  on 

f  hand  and  to  the  root  of  the  tooth  on  the  other,  whilst  aV)ove  it  is  continue 

ll.  tlie  connective  tissues  of  the  gum. 

•I  So  accurately  are  the  root  and  the  alveolus  aila]»teil  to  each  other  ov 

wliole  extent,  and  so  tirndy  does  tlie  periosteum  bind  them  together,  thn 
normal  conditions,  the  tooth  is  quite  firmly  fixed  in  the  bone,  an<l  no  m 
of  the  root  within  the  alveolus  ciin  take  plac«;  the  vessels  and  nerves  onl 
the  apex  are  thus  secured  against  pressure  or  strain. 

Wlien,  liowevor,  the  alveolar  pmosteiiin  is  inflamed  it  becomes  swollen  and  «*xqiii<il 

tive  ;  tlu'  tooth,  as  a  result  of  the  swelling,  is  pushed  partly  out  of  its  socket,  it*i  crow 

alxive  those  of  its  neighl>ours,  and  strikes  against  the  opposing  tooth  when  the  mouth 

giving  rise  to  much  i»ain  and  discomfort. 
I'  The  neck,  although  a  usiiful  term,  can  scarcely  Ixi  recognised  as  a  distinct  constricti 

Jj  pormantait  torth  ;  it  corresponds  to  tlie  line  along  which  tlie  gum  and  alveolar  peri<j9t* 

]  or  along  which  the  gum  is  unit^ul  to  the  twth  ;  but,  as  already  pointed  out^  the  mim 

;  stop  at  the  neck,  hut  f(»rms  a  free  fold  which  surrounds  the  1ws«j  of  the  crown  e«lTar-i 

;j  short  distance.     The  outline  of  the  margin  of  the  giim  oppasite  the  labial  and  lingual  s 

J  the  cn>wn  is  usually  concave,  but  opposite  the  pmximal  and  distal  sides  of  the  tooth  it 

and  reaches  much  nearer  to  the  edge  of  thr.  rmwn  than  on  the  other  surfaces. 
']  In  the  incisors  and  canines  the  pulp  cavity,  which  is  alxnit  J  to  |  the  diametiT  of 

passes  vi-rv  gradually  into  the  mot  canal  (Fig.  718),  so  that  it  is  difficult  to  say  wliert 
'  and  the  other  Iw^gins.     The  ivvci-se  is  the  case  in  the  molars,  whilst  the  premolars  are 

^  variable  in  this  respect. 

":  Tartar  is  a  har<l  cnlcan*ous  (h»posit  fi-om  the  saliva  (salivary  c^'dculiLs),  often  foinul  on 

near  their  necks.      It  is  composifd  of  lime  salts,  and  it*'  deposit  is  largely  det^nnin* 

presence  of  organisms  (leptothrix,  etc.)  in  tln^  mouth. 
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The  permanent  teeth  (Figs.  710  and  7-4)  are  thirty-two  in  numl)er,  sixte 
and  sixteen  below,  or  eight  in  each  half  of  either  jaw;  and,  although  we  a 
llu^ui  un(b»r  fcuir  heads — incisors,  canines,  premolars,  and  molars — the  in 
tiH'.th  differ  so  much  in  their  characters  that  each  tooth  will  require  a 
description. 

Descriptive  Terms.  -  Hcfore  describing  the  j)ernianent  teeth,  it  is  reqiii 
i    ■.  certain  terms  which  are  employed  to  denote  the  surfaces  of  the  teetli   should   Ix 

I  This  is  a  matter  of  some  importance,  seeing  that  the  terms  inner  and  outer,  ant 

r  posterior,  cannot,  owing  to  the  curvature  of  the  dentid  arches,  be  properly  appli 

j    ■  the  teeth  in  the  sjimc  sense.     The  terms  given  below  have  l)een  adopt4id  seeing  t 

are  free  from  the  dant^er  of  misconception. 

The  part  of  a  tooth  which  comes  in  contact  with  tho  teeth  of  the  opposite  jaw 
as  the  grinding  or  masticating  surface  (facies  niasticatoria,  Fig.  721).  The  s 
contact  with  or  looking  towards  itfl  predecessor  in  the  row  is  known  as  the 
surface  (facicx  mefllalla  in  incisors  and  canines,  facies  anterior  in  premolars  and 
the  opposite  surface,  namely,  that  which  looks  towards  its  successor  in  the  rt>w.  : 
as  the  distal  surface  (farifs  lateral i»  in  incisors  and  canines,  facies  jxtsttrior  in  m 
premolars).  Tlie  surface  which  looks  towards  the  tongue  is  the  lingual  stirfat 
lingualis),  and  that  l(K)king  in  tiic  opi)osite  direction,  i.e,  towards  the  lips  and  cl 
labial  surface  (facies  labialis).  Tlie  [K>rtion  of  a  tooth  which  touches  itfl  nciirhlK> 
same  row  is  known  as  the  contact  suiface  (facies  contactus). 
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Incisor  Teeth  (dentes  incisivi,  Figs.  719  and  720). — These  teeth,  four  in  number 
in  each  jaw,  are  used  specially  for  cutting  the  food,  hence  their  name.  The  crown 
of  each  is  chisel-shaped,  and  presents  an  anterior  or  labial  surface  which  is  convex 
in  all  directions,  a  posterior  concave  surface,  and  a  chisel-like  edge,  which,  when 
first  cut,  is  surmounted  by  three  small  tubercles  separated  by  two  grooves.  These 
tubercles,  however,  are  soon  worn  down,  and  the  edge  becomes  straight  or  nearly 
so.  Owing  to  the  fact  that  the  upper  incisors  overlap  those  in  the  lower  jaw,  the 
cutting  edge  is  worn  away,  or  becomes  bevelled,  on  the  posterior  Aspect  in  the 
former,  but  on  the  anterior  aspect  or  sununit  in  the  latter.  The  upper,  but 
particularly  the  upper  central  incisors,  are  of  large  size,  and  slope  somewhat  forwards ; 

2inl  molar  2nd  premolar  Canine  Control  incisor 

3rd  molar  f  Ist  molar  |        Ist  premolar     f^  Ltiteral  inciHor 


3rd  molar 


iHt  premolar     it       I^ateral  inctt^uT 
2nd  premolar  Canine  Central  inrisor 


2nd  molar 

Fio.  719. — The  Permanent  Teeth  of  the  RifiHT  Side,  Outer  or  Labtal  Aspect. 

The  upper  row  shows  the  upper  teeth,  the  lower  row,  the  lower  teeth.     The  wide  vertical  "  lahial  ridge  "  is 
distinct  on  the  upjwr  canine  and  premolar  teeth. 

whilst  the  lower  incisors,  which  are  all  nearly  equal  in  size,  are  much  smaller — being 
the  smallest  of  all  the  teeth — and  are  placed  vertically.  The  roots  of  the  incisors 
are  single,  though  a  groove  is  occasionally  seen  on  each  side,  suggesting  a  division. 

The  central  upper  incisors  are  very  much  larger  than  the  upper  lateral  incisors  (Fig.  719),  but  in 
the  lower  jaw  the  opposite  is  the  case*,  the  lateral  incisors  l^eing  slightly  the  larger.  In  all  incisors 
the  outer  (distal)  angle  of  the  crown  is  more  rounded  than  the  proximal.  The  posterior  concave 
surface  of  the  crown  in  the  upper  incisors  is  usually  limitwl  towards  the  gum  by  a  A-sli«'^l>ed 
ridge  (Fig.  720),  knoiiv-n  as  the  basal  ridge  or  cingnlum.  The  two  limbs  of  the  a  are  continue<l 
up  along  the  sides  of  the  iKwterior  surface,  whilst  the  apex  is  tume<l  towards  the  gum  ;  and  here, 
particiimrly  in  the  lateral  incisor,  there  is  often  developed  a  small  lingual  cusp  (Fig.  720).  The 
cingulum  is  rarely  found  on  the  lower  incisors. 

The  roots  of  the  upper  incisors  and  canines  are  conical  and  rounded  (the  laterals  and  canines 
not  so  distinctly  as  the  centrals,  Fig.  723),  whilst  those  of  the  lower  jaw  are  (lattemMl  from  side  to 
side  (proximo-distally). 

Canine  Teeth. — In  the  four  canine  teeth  (dentes  canini),  which  succeed  the 
incisors  in  each  row  (Figs.  719  and  720),  the  crown  is  large  and  conical,  corresponding 
closely  in  general  form  to  a  verj'  large  central  incisor  with  its  angles  cut  away, 
so  that  the  crown  assumes  a  jxjinted  or  conical  shajie.  The  lahial  surface  is 
convex,  the  lingual  usually  somewhat  concave.  The  root  is  single  and  long,  i>ar- 
ticularly  in  the  upper  canine,  the  root  of  which  is  longer  than  that  of  any  other 
tooth,  and  produces  the  canine  eminence  on  the  anterior  surface  of  the  upjx^r  jaw. 
The  upper  canines  are  larger  than  the  corresponding  lower  teeth,  l)chin(l  which 
they  hite ;  and  they  are  sometimes  known  as  the  "  eye  tec^th." 

The  upper  canine  presents  on  its  lingual  surface  a  well-marked  cingidum,  and  often  a  distinct 
lingual  cusp ;  in  addition,  there  is  usually  a  median  ridge  running  from  the  point  of  the  crown 
to  the  apex  of  the  cingidum,  which  is  separated  from  the  lateral  part  of  the  cingulum  on  each 
side  by  a  slight  depression.  These  points  are  neither  so  well  marke<l,  nor  so  nmstant,  in  the 
lower  as  in  the  upper  canine. 
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Of  tlic  two  margins  slopiug  away  from  the  apex  of  the  crown,  the  lateral  is  the  longer  in  \<a 
teeth.    After  it  ha.s  been  a  little  worn  tlie  lower  canine  is  less  distinctly  iwinted  than  the  uppei 

TtMitnil  inciHor  (aiiiue  2nd  premolar  2n4l  molar 

lateral  incisur  a     l^t  premolar  Ist  molar  |  3rd  iitolar 


I  bit erai  incisor  i*     1st  premolar      |  1st  iiiolar  ]  8p1  molar 

Oiilnil  incisor  Canine  2n(l  premolar  2n<l  molar 

Fit:.  720.— The  Pkumanent  Teeth  of  the  Right  Side,  Inner  or  Lingual  AsPEtT. 

The  upper  row  shows  tlie  upper  teeth,  the  lower  row  the  lower  teeth.     Tlie  cingulum  is  distinct  on  the  Bpw 
iiicisoi*^  and  botlt  canines,  the  lingual  cusp  on  the  upper  lateral  incisor  and  the  upper  canine. 

it.s  rout  is  also  more  flattened.  On  the  labial  surface  of  the  crown,  of  both  canines  and  premolai 
a  wide  low  vertical  ridge  (labial  ridge)  can  generally  l)e  made  out  (Fig.  719)  ;  it  is  most  di 
linct  on  the  canine  and  lir^t  up])er  premolar. 

Premolar  or  Bicuspid  Teeth  (dentes  premolares,  Figs.  719  and  720). — ^Eight  i 
number,  two  in  each  jaw  above  and  below,  the  premolar  teeth  are  placed  behind  tl 

canines,  and  in  front  of  the  molars  as  ind 

cated  by  the  term  "  premolar."  The  cioi 
which,  unlike  that  of  the  incisors  ai 
canines,  is  flattened  from  before  l>ackwar 
(proximo-distally),  is  characterised  by  tl 
presence  of  two  cusps  (Fig.  721),  hen 
the  term  bicuspid  often  applied  to  the 
teeth.  One  of  the  cusps,  the  larger, 
placed  on  the  outer  or  labial,  the  oth 
on  the  inner  or  lingual  side.  The  labi 
and  Ungual  surfaces  are  both  conve 
The  root  is  single,  but  it  is,  as  a  ni 
flattened  from  before  backwards  (proxim 
distally)  and  grooved,  showing  in  this 
tendency  to  division,  which  often  actual 
takes  place  in  the  first  upper  premoL 
The  upper  premolars   are   easily  disti 

Fic.  721.— The  Upper  Permanent  Teeth,  viewed  guished   by  the  fact  that   their  tWO  CUS 

from  heiow.  ^j,q   jj^pgg   q^^^  ^^^q   Separated    from  oi 

The  cusps  of  tlie  premolars  and  molars  of  the  right  anothcT     by    a    distinct     antero-posteri 
side  (left  of  incture)  are  particularly  well  shown,  n  /t"        hoi  \  i  •!   i.     •        j.i:       i 

The    ridge    from  the    inner    anterior   (proxuno- ^SSUre    (Fig.    721);    whllst    in     the    low 

lingual)  to  the  outer  posterior  (labio-distai)  cusp  premolars,  on  the  Other  haud^  the  separ 

is  also  distinct  in  tlie  first  and  second   molars,  tion  between  the  twO  CUSpS  is  not  eflfect4 

Tlie    KPcon«l    molars   show    four    cusps,    one    of -i  „   ^    ^^^j.:^,        ^    n  •       i.i- 

them  small,  although  three  only  are  frequently  ^7  »   COntmUOUS    fisSUrC   aS   in    the    Upp 

found.  teeth,  but  by  two  dimple-like  depressioi 

separated  by  a  ridge,  which  joins  the  U 
cusps  (Fig.  722).  In  the  upper  premolars,  therefore,  the  two  cusps  are  separate 
by  a  fissure,  in  t\m  lower  they  are  united  by  a  ridge. 

The  tirbt  upper  i)remolar  ip  often  slightly  larger  than  the  second ;  the  reverse  is  thp  caie 
the  lower  jaw.    The  outer  or  labial  surface  of  the  crown  is  usually  somewhat  lai^^r  than  tl 
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inner  or  lingual  surface  in  all  premolars.  The  upper  are  distinguished  from  the  lower  bicuspids, 
18  pointed  out  above,  by  the  fact  that  in  the  upper  the  two  cusps  are  separated  by  a  groove,  iu  the 
lower  they  are  united  by  a  ridge ;  in  the  latter  also  the  crowns  are  more  circular  (Figs.  715  and  722). 
It  will  further  usually  l)e  found  that  the  outer  or  labial  surface  of  the  crown  is  stroiit^ly  Hloped 
(bevelled)  inwards,  near  the  grinding  surface,  in  the  lower  pi-eniolars.  The  lii-st  can  usually  he 
distinguished  from  the  second  by  the  fact,  that,  while  the  lingual  cusp  and  surface  are  r^uialler 
than  tlie  labial  in  the  first  premolar,  they  are  nearly  of  the  same  size  in  the  second.  In  addition, 
the  root  of  the  first  upper  premolar  is  bifid  or  nearly  so,  and  ite  labial  ridge  is  fairly  distinct,  but 
is  indistinct  in  the  second.  In  the  first  lower  premolar  the  lingual  cusp  and  surf^ice  ai'c  very 
small,  in  fact  the  cusp  is  (juite  rudimentary.  It  should,  however,  be  added  that  it  is  often 
extremely  difficult  to  identify  tlie  vario^  bicuspids.  The  diflferences  may  be  expressed  iu 
tabular  form  thus : — 

Premolars. 


Boot.  Cusp  and  Surface. 


Upper  (have  two  Hst  premolar  '  bitid,  or  nearly  so  Lingual  smaller  than  labial. 

cusps  8e[>arated'! 1 ' 

by  a  groove)       (^2nd       ,,  I  single  Lingaal  nearly  as  large  as  labial. 

I  Lower  (have  two  Hat  premolar    single  j Lingual  much  smaller  than  labial. | 

I      cusps  united  by-j j 

,       a  ridge)  (2nd       ,,  ,,  'Lingual  nearly  as  large  as  labial. 

Molar  Teeth  (denies  molares). — The  molar  teeth,  also  known  as  the  grinders  or 
mnlticuspidati,  are  twelve  in  number — three  on  each  side  above  and  below — and 
are  distinguished  as  first,  second,  and  third  molars.  The  latter  is  also  known  as 
the  wisdom  tooth,  owing  to  its  late  eruption.  All  the  molars  are  characterised  by 
the  large  size  of  the  crown  and  the  possession  of  three  or  more  trihedral  cusps  on 
the  masticating  surface  (Figs.  721  and  722).  They  are  the  largest  of  all  the  teeth, 
but  they  diminish  in  size  from  the  first  to  the  third,  the  last  being,  as  a  rule, 
the  smallest  of  the  three.  In  shape  the  crown  is  more  or  less  quadrangular, 
with  convex  labial  and  lingual  surfaces.  The  roots  are  either  two  or  three 
in  number,  but  frequently  in  the  wisdom  teeth  they  are  united  to  a  varying 
degree. 

The  molars  of  the  upper  and  lower  jaws  dififer  so  considerably  in  their  further 
details  that  they  must  be  considered  separately.  They  may  be  most  readily  dis- 
tinguished from  one  another  by  the  fact  that  normally  the  upper  molars  possess 
three  roots  (Figs.  719  and  720),  whilst  the  lower  molars  have  two  at  most.  The 
number  of  cusps,  though  not  so  reUable  a  guide  as  the  form  of  the  root,  is  also 
generally  sufficient  to  distinguish  them.  In  the  upper  molars  there  are  either 
three  or  four  cusps,  wliilst  in  the  lower  the  number  is  most  commonly  five  (see, 
however,  page  1021). 

In  the  upper  molars,  the  crown,  viewed  from  the  grinding  surface  (Fig.  721),  is 
rhomlx)idal  in  shape  (i.e.  quadrangular  with  the  angles  not  right  angles).  The  outer 
(labial)  and  the  inner  (Ungual)  surfaces  are  convex.  The  number  of  cusps  is  either 
four  or  three.  On  the  Jirst  there  are  invariably  four — two  on  the  labial  and  two 
on  the  lingual  side — the  antero-internal  (proximo-lingual)  of  these  being  connected 
with  the  postero-external  (labio-distal)  by  an  obUque  ridge  (Fig.  721),  which  is 
also  found  on  the  second  and  third  molars  when  these  bear  four  distinct  cusps. 
The  second  upper  molar  has  either  four  or  three  cusps  in  about  an  equal  proportion 
of  European  skulls,  whilst  in  the  third  the  number  is  much  more  frequently  tliree 
than  four.  The  roots  in  the  upper  molars  are  three  in  number  (except,  occasionally, 
when  the  three  roots  of  the  wisdom  tooth  are  confluent),  two  being  external  (»r 
labial,  and  the  third  internal  or  palatal  (Figs.  719,  720,  and  723). 

In  the  lower  molars,  the  crown,  viewed  from  above  (Fig.  722),  is  somewliat 
cubical.  The  outer  and  inner  surfaces  are  convex,  as  in  the  upper  molars.  The 
/irst,  as  a  rule,  bears  five  cusps,  two  being  on  the  outer  side,  two  on  the  inner,  and 
the  fifth  behind  and  external,  that  is,  between  the  two  posterior  cusps  and  somewhat 
to  the  outer  side.  The  second  hajs  usually  only  four  cusps;  a  fifth,  however,  is 
sometimes  present.  The  third  has  either  four  or  five,  the  former  number  more 
frequently  than  the  latter. 

The  roott  of  the  lower  molars  are  two  in  number,  each  wide,  grooved,  and 
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flattened  from  before  backwards.     One  is  placed  anteriorly,  the  other  poeterioriy, 
and  both  are  usually  recurved  in  their  lower  portions  (Fig.  719).     As  in  the  cottb- 


Central  incisor 


xCnaljir 


Fks.  722.— The  Lowt.r  Permanent  Teeth,  viewed  from  above. 

sponding  teeth  of  the  upper  jaw,  the  roots  of  the  lower  wisdom  teeth  are  often  more 
or  less  united  into  a  single  mass. 

The  chief  characters  of  the  upper  and  lower  molars  may  be  summarised  thus  : — 


Molars. 


iBt  Upper. 


Upper-     Cusps 


2iid  Upper.     3rd  Upper. 


3  or  4 


3  or  4 


Lower.' 


Roots 


Cusps 


Roots 


ist  Lower.  '  2iid  Lower. 


4  or  5 


3  (or  1} 


3rd  Lower. 


4  or  5 


2(or  1) 


The  molars  diminish  in  size  frtmi  before  backwards.  This  remark  applies  particularly  to  tbe 
wisdom  t^eth,  which  are  extremely  variable  in  form  and  position  among  civilised  racea.  The 
long  axis  of  the  upper  molars  has  a  general  direction  downwards  and  outwards ;  whilst  that  rf 
the  lower  moki-s,  which  the  former  partly  overlap,  slopes  upwards  and  inwards,  with  the  iwult 
that  the  outer  cuspj?  of  the  lower  molars  lie  in  the  groove  separating  the  inner  from  the  outer 
cusps  of  the  ui)i)er  teeth  (Fig.  706,  p.  996).  As  a  further  resiilt  of  this  overlapping,  the  outer 
edge  of  the  croN\Ti  is  sharp  and  the  inner  edge  rounded  in  the  upper  molars ;  innhilst  the  inner 
edge  is  sharp  and  the  outer  edge  rounded  in  the  lower  set  The  cause  of  this  is  obvioua  The 
outer  margins  of  tlui  uj)per  molars  overlap  their  fellows  on  the  buccal  side,  whilst  the  inner 
margins  uf  the  lower  niulai*s  overlap  their  fellows  on  the  lingual  side ;  these  margins,  therdbit, 
are  subject  to  comparatively  littk^  attrition,  and  consequently  remain  sharp.  The  other  mugin 
of  each  tooth,  on  the  other  hand,  strikes  against  the  groove  on  the  crown  of  the  opposing  tooth, 
and  consequently  becomes  worn  and  round. 

The  fissures  which  separate  the  cusps  on  the  grinding  surfaces  of  the  molar  teeth  are  genenllj 
continued  as  faint  gii»oves  on  the  labial  and  lingual  surfaces. 

Upper  Molars.-  The  crowns,  as  alrea^lv  stated,  are  rhomboidal  in  shape,  and  when  Tiewiu 
their  grinding  surfaces,  as  in  Fig.  721,  if  the  planes  of  separation  between  them  be  prakninai 
they  would  strike  the  middle  line  near  the  back  part  of  the  hard  p^te;  in  other  woidiLUHr 
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Lual  and  distal  surfaces  are  not  in  transverse  but  in  oblique  planei«,  sloping  strongly  Imck- 
and  inwards,  and  converging  somewhat  internally.     A  knowledgi?  of  tliiw  is  useful  in 

uining  the  side  to  which  an  u])per  molar  belongs,  as  is  the  fact  that  the  anterior  labial  root 

ader  than  the  jxjsterior  (Fig.  723). 

<    regards   the  number  of  cusps  (Fig..  721) : — The   first   upi)er  molar   has  four  cusps   in 

ically  all  skulls  (99  per  cent) ;  occasionally,  indeed,  another,  but  very  rudimentary,  cusp  is 

lit  on  the  lingual  side  of  the  antero-intemal  (proximo-lingual)  cusp.     The  second  molar  has 

:•  three  or  four  in  an  almost  equal  proportion  of  Europeans,  but  more  frequently  four  taking  the 

of  all  nations  together.     (According  to  Topinard,  four  cusjis  are  pit^seut  in  66  ptir  cent  of  all 

and  in  58  per  cent  of  European,  Semitic,  and  Egyptian  skulls ;  acconling  to  Zuckerkandl,  in 

»er  cent  of  the  lower  races  and  45*6  jier  cent  of  Europeans.)    The  third  upper  molar  has  three 

iiiiK^h  more  frequently  than  four  amongst  Europeans  (four  cusps  only  in  36  i>er  cent,  although 

*  four  cusps  more  frequently  in  certain  lower  races).     It  shoula  be  remarked  that,  while  thei-e 

ract ically  always  four  cusps  in  the  first  molar,  still  there  is  a  tendency  to  the  disiippuarance 

le   iK)sterointemal  (disto- lingual)  cusp,  which   tendency  gi-ows  more  pronounciHi   as  we 

lack wards  to  the  second  and  tnird 

■s.    The  other  cusjw  are  practically 

lut. 

lie  three  roots  of  the  upper  molars 

.  719,  720,  and  723)  are  a  lai^ge  inner 

latal,  sub-cylindrical  in  shape,  and 

xtemal  or  labial  roots,  smaller  and 

nwl  from  l)efore  backwards.     The 

al  fang,  whicli  is  placed  opposite 

osterior  labial  root,  is  often  united 

le  of  the  otlutrs.     The  lower  part 

e  antrum  of  Highmorti  generally 

ids  down  l>etween  the  palatal  aiul 

wo  hibial  fangs  (Fig.  706,  p.  996), 

he  latt<'r  project  on  its  lloor  more 

.ently  than  the  palatal  root.      In 

wisdom  tooth  the  three  roots  are 

lently  more  or  less  united  into  a 

p  aaiiciil  process  (Fig.  723), 

ower  Molaxs. — The  crowns  are 
massive  than  those  of  the  upper 

rs,  and  are  elongated  antero-]K)6- 

rly  (Fig.  722).      A  crucial  groove 

att«  the  four  chief  cusps  from  one 

ler ;  this  bifurcates  beiiind  to  en- 

the  fifth  cusp,  which  lies  slightly 

t^  outer  side  of  the  middle  of  the 

I.     The  number  of  cuiqis  present  in 

ower  molai-s  is  as  follows : — The 

lias  usually  fivt;  cusps  (62  per  cent 

1  races,  61  ])er  cent  of  Euix)peans) ; 

ea»ii<l  has  fuur  cusps,  as  a  riue  (five 

5  in  only  24  per  cent  of  all  skulls) ; 

ower  wisdom  tooth  has  four  cusjw 

tie  more  frequently  than  five  (five 

3  per  cent  of  all  skulls),  but  like 

iiMKtr  wuylom  tootli  it  is  extremelv 

il. 

'he    roots    of    the    lower    molars 

71!)),  two  in  number,  are  fiatteneil 

Inrfon*  baekwanls,  and  very  wide.  The  anterior  of  these  has  two  nKti  canals  ;  tht^  posterior 
ma  (Fig.  723).  The  wisdom  tooth  has  commonly  two  r(M»ts  like  its  fell«Avs;  oeeasionally  the 
aiv  united.    In  determining  the  side  to  which  a  lower  molar  Injlongs,  it  should  1h«  rememln-riKl 

the  lower  i>art  of  the  root  is  generally  curved  backwanls,  and  also  that  the  blunter  margin 
e  crown  (see  al>ove)  and  the  fifth  cus]),  if  presi^nt,  are  on  tlu?  outer  side. 

Arrangement  of  the  Teeth  in  the  Jaws. — TIjl*  teelli  arc  arran^(»d  in  each  jaw 
I  curvi^d  row — the  dental  arch  (arcus  dentalis) — of  approximately  a  semi-oval 
1  (Figs.  721  and  722).  The  cnrve  formed  l)y  the  niJjH^r  teetli,  however,  is  wider 
1  that  formed  by  tin*,  lower  set,  so  tlial  wh(»n  the  two  an^  bnuight  in  eontiiet 
npp(^r  incisors  and  cuxnines  overlap  their  fellows  in  front,  and  the  outer  cusps 
le  n\)\n'T  pnnnolars  and  molars  overlap  the  corres}K>nding  cusjis  of  the  lowtT 
h  (Fig.  706,  p.  996).  It  will  also  Ik^  st»en  that,  as  a  rule,  the  tet^h  in  one 
are  not  placed  tixactly  op|H)site  tludr  fellows,  hut  ratlu^r  opiJOsit(^  the  interval 
reen  two  teeth,  in  the  otlier  jaw  (Fig.  724).  Tills  an-angt^nent  is  hnmght 
it  lanjely  by  the  great  width  of  the  upjxT  centml  incisors  as  comjiared  with 


Fio. 


723.— Horizontal  Suctions  through  both  thk  Tpi'kr 
AND  LowKR  Jaws  to  show  the  roots  of  the  li-utli.  The 
sections  were  carried  tlirou^h  the  bom*s  a  short  ilLstauce 
from  the  edge  of  tlieir  alveolar  liorders.  Tin-  u\t\Hir  tigure 
shows  the  upper  tcM-th,  the  lower  figure  the  lower  teeth. 
Note  the  ttattt'iied  roots  of  the  lower  incisors,  the  two 
root  canals  in  the  ant«'rior  root  of  eacli  lower  molar,  and 
the  conliuence  of  the  three  roots  of  the  upper  wisdom 
teeth. 
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their  fellows  of  the  lower  jaw,  which  throws  the  upper  canines  and  the  succeeding 
teeth  into  a  position  behind  (distal  to)  that  of  the  same  named  teeth  of  the  lower 

set.  But  as  the  lower  molars  are 
larger  in  their  antero  -  j>06terior 
diameter  than  those  of  the  upper 
row — and  this  remark  applies  par- 
ticularly to  the  wisdom  teeth— 
the  two  dental  arches  terminate 
behind  at  approximately  the  same 
point. 

The  upper  dental  arcb  is  said  to  foru 
an  elliptical,  the  lower  a  parabolic  cqitb 
(Figs.  721  and  722).  The  line  fonutd  U 
the  grinding  surfaces  of  the  upper  t«eth, 
as  seen  on  profile  view  (Fig.  T24).  u 
usually  somewhat  convex,  owing  lai^^v 
to  the  failure  of  the  wisdom  tootu  to 
descend  into  line  witli  the  other?. 
Similarly  the  line  of  the  lower  teeth  is 
as  a  rule  concave. 

In  both  jaws  the  crowns  of  the  from 
teeth  are  higher  (longer)  than  tlici^f  J 
the  inolara. 

Fi(j.  724.— To  sliow  the  relation  of  the  upper  to  the  lower  Period  of  Emptlon   of  tlie  Pff- 

toeth  when  the  month  is  closed.     Tlie  manner  in  which  a    manent  Teeth. — Although  there  is 

tooth  of  one  row  nsnaiiy  strikes  against  two  te^^^^^  Considerable  Variety  in  the  daks 

opposite  row,  antl  the  resulting  interlocking  of  the  teeth,      ^       t  •  i      .  i  • 

is  to  i)e  noted.  o  o  ^^  which  the  vanous  permanent 

teeth  appear  above  the  gums,  the 
order  of  eruption  is  practically  constant  in  diflFerent  individuals,  and  is  as 
foUows : — Before  any  of  the  temporary  teeth  are  lost  the  first  permanent  molais 
appear  behind  the  2nd  milk  molars.  Next  the  central  milk  incisors  fall  out,  and 
their  places  are  taken  by  the  permanent  teeth  of  the  same  name ;  then  follow  the 
remaining  teeth  in  the  following  order:  Lateral  incisors,  Ist  premolars,  2nd 
premolars,  canines,  2nd  molars,  and  3rd  molars.  It  will  be  observed  that  the 
eruption  of  the  canine  is  delayed  until  the  two  premolars,  which  succeed  it  in  the 
row,  an*  cut,  so  that  it  breaks  the  otherwise  regular  order  of  eruption.  The  let 
molar  is  sometimes  popularly  known,  owing  to  the  date  of  its  eruption,  as  the  "six- 
year-old  tooth,"  and  the  2nd  molar  as  "  the  twelve-year-old  tooth." 

The  dates  at  which  the  eruption  usually  takes  pl«u5e  may  be  simply  stated  as^ 
follows  for  the  lower  teeth  ;  those  of  the  upper  jaw  appear  a  little  later : — 

Ist  molars  appear  soon  after  the  6th  year. 
Centml  incisors  appear  soon  after  the  7  th  year. 


Lateral         „ 

)) 

8th 

Ist  premolar 

)i 

9th 

2nd 

>i 

10th 

Canine    „ 

}) 

11th 

2nd  molar 

n 

12th 

3rd      „ 

from  the 

17th 

to 

Variations  in  the  Number  of  the  Teeth.— The  presence  of  an  additional  tooth  is  hj  no 
means  unconinion.  It  may  appear  in  connexion  with  the  incisor,  premolar,  or  the  molar  grouje. 
W indie  very  i)ix)i)erly  draws  a  distinction  between  "  supemumerajy "  or  imperfect  a<idiuonA  to 
the  dentition  and  **  supidemental "  teeth  which  correspond  in  size  with  thoee  with  which  tliej- 
jiif  a.ss(x!iate(l.  Wlieu  a  supplemental  incisor  apj)ear8  it  has  an  interesting  l)earinff  upcm  the 
solution  of  the  mucli-debatt^l  point  as  to  which  incisor  has  disap|>eared  from  the  prinuite 
di^ntition.  The  addition  of  a  third  premolar  may  be  looked  upon  as  a  reversion  to  the  (xtndition 
]  present  in  the  New  World  Apes  and  the  Lemura  The  presence  of  a  fourth  molar  has  DCit 
ill  frequently  Ix-en  olwerved,  and  recently  it  has  formed  the  subject  of  an  instructive  and  sngges- 
tive  pajKT  ])y  J.  T.  Wilson  (Joum,  Anat  and  Phy8.y  vol  xxxix.  part  iL). 

The  Milk  Teeth. 

The  deciduous,  temporary,  or  milk  teeth  (dentes  decidui)  are  twenty  in  number, 
ten  above  and  ten  below,  or  five  in  each  half  of  each  jaw — namely,  two  inoiaiin^atf 
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[le,  and  two  molars.  They  may  be  distinguished  from  the  permanent  teeth 
lieir  smaller  size,  their  well-marked  and  constricted  necks,  and,  in  the  case  of 
molars,  by  the  wide  divergence  of  their  roots  (Fig.  725).  Otherwise  they 
jspond  so  closely  to  the  same  named  teeth  of  the  permanent  set,  that  they 
ire  no  separate  description,  except  in  the  case  of  the  molars.  The  first  upper 
iT  has  but  three  cusps  on  its  crown — two  external  and  one  internal ;    the 

lower   molar  has    four —  istmoiar 

external  and  two  internal,  \ 

the   crowns   of   both   are  ^„,„^  >^      ■^^--'ind  mour 

ened    from    side    to    side.        ,^teiui  inci«or  \  ^|Q       WmJ     ^^«^" 

second  molars  of  the  upper  centni  iDcisor 

have  four,  those  of  the 
T  jaw  five  cusps  each.  In 
y  case  the  second  are  much 

er    than   the    first   molars.      US      MKk      WM        0^      &■  ^ — 2u(i  moiar 
cusps  are  sharper  and  are 
rated    by    deeper    fissures 

fossae    than    those    of    the       \^       ^£        |[ji       L^^      L^^ — 2n(i  moiar 
lanent    teeth,    whilst    the 
3     of     the     milk     molars, 
pt    for    their    greater    di-  cent^i  incisor^. 

ence,    agree    with     those    of       lateral  inciBo/  /  /^^        O^       2,ul  n.olar 

permanent  set.  canine  ^OSf      ^^^r     '''^^" 

lie  marked  confitriction  at  the  ut  molar 

lamel  on  the  crown  and  its  '^^  masticating  surfaces  of  the  two  upper  molars  are  shown  above. 
pt  termination  as  the  neck  is  ^^  *^®  *«^°"**  ^°^  ^^®  "PP«^  ^«*^  ^^  ^»«''«'^  ^^''"^  ^^*^  ''"^®'* 
ied.     The  enamel,  too,  is  much  ?^  labial  side.     In  the  third  row  the  lower  teeth  are  shown 

f>r  flfl  a  nilp   thai   in    thp   npr  ***  *  similar  manner;  and  below  are  the  masticating  surfaces 

w     fi       t/T    i!i   1        4?^^'  of  the  two   lower  molars.     In  the  si)eciinen  from  which  tlie 

It     11  -1     ^^_»"^^^i^, '^  ^P^  first  upper  molar  was  drawn  the  two  outer  or  buccal  cusps 

tlie  Labial  surface  of  the  canines  ^ere  not  distinctly  separated,  as  is  often  the  case, 

molars  departs  very  markedly 

the  vertical  ;   it  slopes  strongly  inwards  towards  the  mouth  cavity  ad  it  approaches  the 
ling  surface  of  the  crown,  which  latter  is,  as  a  residt,  much  reduced  in  width, 
he  divergence  of  the  fangs  in  the  milk  molars  allows  the  crowns  of  the  jHjrmanent  jiremolars 

in  between  them  before  the  milk  molars  are  shed. 

Structure  of  the  Teeth. 

is  mentioned  above,  the  teeth  are  composed  of  three  special  tissues,  enamel,  dentine, 
crusta  petrosa,  in  addition  to  the  pulp  which  occupies  the  tooth  cavity.  The  chief 
i  of  the  tooth  is  formed  of  dentine,  which  surrounds  the  pulp  cavity  and  extends  from 
n  to  root ;  outside  this  is  a  covering  of  enamel  on  the  crown,  and  a  layer  of  cnista 
)8a  or  cement  on  the  root. 

""he  enamel   (substantia  adamantina)  is  the  dense,   white,  glistening  layer  which 
s  a  cap,  thickest  over  the  cusps,  for  the  portion  of  each  tooth  projecting  above  the 
(Fig.  718).     At  the  neck  it  ceases  gradually,  being  here  slightly  overlapped  by  the 
.a  j)etrosa. 

.  is  coniiK)sod  chiefly  of  phosphate  and  carbonate  of  lime  (phosphate  of  calcium  89*82  per 
carbonate  of  calcium  4*37  per  cent,  magnesium  phosphate  1'34  per  cent,  a  trace  of  calcium 
de,  other  salts  '88  per  c<int),  and  has  generally  been  considered  to  contain  alwut  3'6  per  cent 
ganic  substance;  but  this  Tomes  has  recently  shown  to  be  inaccurate :  "That  which  has 
ofore  l)een  set  down  as  organic  matter  is  simply  water  combined  with  the  lime  salts, 
lel  is  to  be  regarrled  as  an  inorganic  substance  composed  of  lime  salts,  which  have  l)een 
dted  in  particular  patterns  and  formed  under  the  influence  of  organic  tissues,  which  have 
selves  disapi>eanKl  during  its  formation." 

inamcl  consists  of  calcified  microscopic  prisms  (prismata  adamantina),  radiating  from 
urface  of  the  dentine,  on  which  their  inner  ends  lie,  to  the  surface  of  the  crown, 
hich  they  terminate  by  free  ends.  These  prisms  are  hexagonal  in  shape,  solid,  and 
nsidcrable  length,  for  most  of  them  reach  from  the  dentine  to  the  surface  of  the  crown 
)ut  interruption.  The  prisms,  which  are  calcified  tliemselves,  are  held  together  by  the 
lest  possible  amount  of  calcified  matrix  (Tomes).  '  In  old  teeth  the  cap  of  enamel  is 
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ohvn  worn  aAviiy  over  the  cusps,  the  dentine  is  then  exposed,  and  is  esLsily  recognised  \ 
its  ytjilowish  colour,  which  contnists  strongly  witli  the  whiteness  of  the  enamel. 

Whilst  adjacent  L'namol  })risins  are  in  general  parallel  to  one  another,  they  do  u 
usually  take  a  straight,  but  rather  a  wavy  course,  and  in  alt<?mate  layers  thej  are  "ft 
inclined  in  opposite  directions,  thus  giving  rise  to  cerUun  radial  striations  seen  1 
rctlcctcd  light  (Schrcgi-r's  lines).  <  Vrtiiin  other  pigmented  lines,  more  or  fess  parullol 
the  surface,  are  also  seen  in  the  enamel  (brown  stria;  of  Retzius).  They  arc  due  to  tr 
pigmentation  (Williams),  and  mark  the  lines  of  deposit  of  the  enamel  during  its  deveK 
ment.  The  enamel  prisms  are  more  or  less  tubular  in  certain  animals — viz.  iu 
marsupials  except  the  womlxit,  in  the  hyrax,  certain  insectivora,  and  certAin  rodent?*. 

Nasmyth*s  membrane  (eiiamel  cuticle)  is  an  extremely  thin  (.joJciff  ^^^  •'"  "^f 
cuticular  layer  which  covers  the  enamel  of  recently-cut  teeth,  and  is  very  indestructil' 
resisting  almost  all  reagents.  Two  chief  views  are  held  as  to  its  origin.  One  that  it 
the  last  formed  layer  of  enamel,  which  has  not  yet  been  calcified,  and  therefort;  the  tii 
jinMluct  of  the  enamel  cells.  The  other  that  it  is  prfxluced  by  the  tuiter  layer  of  cells 
the  enamel  organ.     This  hitter  seems  to  he  the  more  prolwible  view. 

Dentine  (su)»stantia  eburnea)  is  the  hai-d  and  highly  elastic  sul)stancc,  yollowi 
white  in   colour,  which  forms  the  greater  jKirt  of  the  mass  of  every  tix>th  (Fig.  7.^ 

Like  the  enamel  it  is  higldy  calcifietl,  h\v. 
differs  from  enamel  in  containing  a  very  c«i 
siderable  amount  of  organic  matter  ni 
water  incorporat<?d  with  its  ssilts,  wliirh  .i 
chiefly  [)hosphate  and  carbonate  of  lime. 

Fwsh  human  dentine  contain^  10  jHr  ri-ii; 
Cii.wii  /     /^^x'^i'Mi.,     \  water,  28  per  cent  of  organic  and  62  i^t  «*»!.: 

intirgJinif  material.     The  organic   matter  i*  iiti 
]K»sed  (-hiefly  of  cdllagi-n,  and  to  a  less  vxu^^\ 
t^lastin.        The    organic    matter    eonsist^   ui 
calcium  pliosphati^  (with  a  tra*-e  of  tlnori'i»'> 
caleium  carlxmat^?,  and  (3)  inagiieHum  jilii^j^iai 
the  percent<ige8  prt'-sent   in  driinl    d«-ntine    Wii 
t)6-72,  3-36,  1-08  respiHitively. 

^'-''^     /    V  i  ;  J  .  \ 

Dentine  consists  of  a  higldy  cdcili' 
organic  matrix,  which  is  itself  practiw! 
structureless,  although  everywhciv  traverv 
by  tubes — the  dentinal  tubes  —  whicli  c: 
to  this  tissue  a  finely  striated  appearain 
the  strife  usually  running  in  wavy  liii 
The  <lentinal  tubes  begin  by  open  months 
the  wall  of  the  pulp  cavity,  whence  they  r 
an  nn<lulating,  and  at  the  same  time  a  ?^>i\ 
what  spiral  course,  towards  the  periphery 
the  dentine.  They  give  off  fine  anastr'nuisi 
branches,  and  occa.sionally  divide  into  t^ 
Somewhat  nKlucetl  in  size,  they  usually  end 
the  outer  part  of  the  dentine. 

The  tubules  are  generally  descrilK:^ 
l>eing  lined  by  special  sheaths  (dentinal  >he:A' 
of  Neumaim)  which  are  conijK>se<l  cif  a  m 
resistant  material,  and  possibly  are  calciti 
Ft  should  be  mentionecl  that  the  prcsw^i 
of   these   sheaths    as   se|»arate     structures 

doubted  by  sdine  authorities,  who  hold  that  the  jnvrt  described  as  the  sheath  is  oiil 

modified  jjortiou  of  the  dentinal  matrix  surromiding  the  tubules. 

Tin;  'h'Utinal  tubules  are  occujiiod  by  processes,  prolonged  from  the  outx?nnost  colU 

the  pulp     the  odonttjljlasts.     Thescj  processes  are  called  after  their  discoverer,   Tom 

fibrils  (dentinal  fibrils),  and  they  are  jirobably  sensory  in  function. 

Tin-  mil'  tiitri*-  lines  of  Schreger,  IVequfntly  seen  hi  tluMh-ntine,  are  dm^  to  liends  in«ui(y»i 
"h'litiii.il  tiiln-s  i.iking  nla<v.  along  n^gidar  lines  parallel  to  the  periphery  of  the  dnitine.  Ofl 
liii«>  'tin'  iinreiiiriit.il  liiii-  nf  Salter),  diH'  to  imperfj-ct  caleiticatioii,  ai-e  found  arcliing  acir^t 
>Ml»<tam'e  ..r  ill.'  fli'iitiin'.  i.jiiflly  in  tliu  fruwri.  riu-n-  must,  also  ]n\  mentione«|  the  interglotal 
spaces,  inti-rvals  l<fi.  in  tin-,  dent  im*,  as  a  result  of  imperfect  ca  lei  ticalion,  1m  lunded  liy  Uie  fnl 
taleifii-i]  ^inrrmndin^'  fh-ntine,  the  roii1<inr  of  which  is  hi  the  form  of  a  niimbi.*r  of  diaaU  projerti 
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fflobules  of  dentiiiei     These  interglobular  hpacos  ai-e  very  imiueKuiH  in  the  oiit«*r  or  **  granular 
layer  "  of  tlie  dentine,  jwirt iculorly  beneath  tlie  cenientunr  (see  Fig.  726). 

The  crusta  petrosa  or  cementum  (substtuitia  ossea)  is  a  hiyer  of  nioditiod  bone 
which  encases  the  whole  of  the  tooth  except  its  crown.  It  begins  as  a  very  thin  stratum, 
dightly  overljipping  tlie  enamel  at  the  neck.  From  this  it  is  continued,  increasing  in 
amount,  towards  the  apex,  which  latter  is  formed  entirely  of  this  substiince.  It  is  relatively 
less  in  amount  in  the  child,  and  increases  during  life.  In  places  the  dentine  seems  to 
pass  imperceptibly  into  the  crusta  petrosa  (the  "  granular  layer  "  of  dentine  marking  the 
juuction  of  the  two,  see  Fig.  726),  and  some  of  the  dentinal  tubes  are  continuous  with 
the  laciniK)  of  the  cementum.  Like  true  bone,  it  is  laminated,  it  possesses  lacunie, 
caiialiculi,  and,  when  in  large  mosses,  it  may  even  contain  a  few  Haversian  canals. 

The  tooth  pulp  occupies  the  pulp  cavity  and  the  root  canals  of  the  teeth.  It  is 
composed  of  a  number  of  bnmched  coimective  tissue  cells,  the  anastomosing  processes 
of  which  form  a  fine  connective  tissue  network,  containing  hi  its  meshes  a  jelly-like 
material,  in  addition  to  numerous  vessels  and  nerves,  but  no  lymphatics.  The  most 
superficial  of  these  cells  form  in  the  young  tcK)tli  a  continuous  layer  of  columnar, 
epithelium -like  cells,  lying  on  the  surface  of  the  pulp  against  the  dentine  ;  they  are 
known  as  odontoblasts,  for  they  arc  the  active  agents  in  the  formation  of  dentine.  From 
the  outer  ends  of  the  odontoblasts  processes  arc  continued  into  the  dentinal  tubes,  where 
they  have  been  already  referred  to  as  Tomes'  fibrils.  The  vessels  of  the  jmlp  are 
numerous,  and  form  a  capillary  plexus  immediately  within  the  odontoblasts.  The  nerves 
form  rich  plexuses  throughout  the  pulp,  but  their  exact  mode  of  ending  is  unknown. 

The  alveolar  periosteum  (alveolo-dental  ])eriosteuni  or  root-membrane)  is  a  layer 
of  comiective  tissue  free  from  elastic  fibres,  but  well  supplied  both  with  blood-vessels  and 
nerves,  which  fixes  the  root  of  the  tooth  in  tlie  alveolus,  being  firmly  unite<l  by  perforat- 
ing fibres  of  Sharpey,  to  the  crusta  petrosa  on  the  one  hand,  and  to  the  bone  of  the 
alveolus  on  tlie  other.  It  establishes  a  communication  between  the  bone  of  the  jaw 
and  the  cementum,  and  above  it  is  continuous  with  the  tissue  of  the  gum.  Its  blood 
comes  chiefly  from  the  arteries,  which  subsequently  enter  the  apical  canals  for  the 
supply  of  the  pulp,  but  in  }>art  also  from  the  vessels  of  the  Ixnie  and  those  of  the  gum 
(hence  the  relief  obtained  in  dental  periostitis  by  lancing  the  gum). 

Development  of  the  Teeth. 

At  the  beginning  of  this  chapter  a  t<x>th  was  described  as  a  calcified  papilla  of  the 
mucous  membnme,  composed  of  two  chief  parts- 
namely,  the  enamel  formed  by  the  epithelial  layer, 
and  the  dentine  by  the  connective  tissue  layer  of  the 
mucous  membrane.  The  deUiils  of  the  process  by 
which  such  a  tooth  is  developed  from  the  two  layers 
of  the  mucous  membrane  are  both  numerous  and 
intricate,  and  can  be  but  briefly  described  here. 

In  lower  vertebrates  (sharks,  niys,  etc.),  teeth 
which  correspoiid  essentially,  both  in  structure  and 
development,  to  those  of  mammals,  are  found  on  the 
surface  of  the  Ixxly,  and  are  known  as  dermal  teeth. 
The  following  outline  of  the  development  of  the  dermal 
tooth  of  a  siiark  may  assist  in  rendering  the  de- 
velopment of  the  human  teeth  more  intelligible  : — 

First,  a  papilla  is  formed  from  the  corium  or  con- 
nective tissue  layer  of  the  skin  (Fig.  727,  H),  which 
papilla  is  covere<l  over  by  the  epithelial  layer. 

Next  the  suiierficial  (connective  tissue)  cells  of 
the  {xipilla  begin  to  form  a  layer  of  dentine  on  the 
surface  of  the  jxipilla  (Fig.  727,  V),  which  it  soon 
encases,  the  remains  of  the  papilla  persisting  in  the 
interior  as  the  future  pulp.  At  the  siune  time  the 
deepest  cells  of  the  ci)ithelium  de{H)sit  a  layer  of 
enamel,  outside  the  dentine,  over  the  summit  of  the 
papilla  (Fig.  727,  C),  and  subsecpicntly  the  two — 
enamel  and  dentine — become  insepirably  united,  thus 
giving  rise  to  the  substance  of  the  tooth. 

At  a  later  period  the  epithelium  covering  the  summit  disiipi)ears  and  the  tooth  comes 
to  the  surface;  this  constitutes  its  anptton  (Fig.  727,  D). 
69 


A,  S»'clii.»n  (if  hkiii 
sliuwiiij;  t'pithelium 
',  buf^eiiii'iit  iiieiii- 
hr.iuo  h,  iiml  ooiiinK'- 
tiv«'  tissue  luyi-r  r. 

H  shows  tiur  |>upi)i:i  i)f 
tin? connective  tissue 
layer  ^ rowing  up 
<^overe«l  by  the  epi- 
thelial layer. 


In  c;  the  sup«'rtlcial  cells 
uf  the  |»:i]iilla  ;  U'^in 
to  ileposit  Meiitino  ♦/ 
over  the  i«pilla,  and 
at  the  hanie  time  the 
•  leejM-^t  ci'Us  of  the 
epitlinliuni  di'iMwit 
rnuuit'l  •'. 


1)  Nh«i\vs  the  t'Mith 
bn-akinn  thn)Uf;h 
tht'  e]iithi'liuni  and 
reaching:  the  surface. 
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«/.  dentine  ;  f,  epithelium  ;  and  ;,  suiMrtlcial 
c*dls  of  impilla. 
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and  iu  each  caae  the  two  layers  of  cells — odontoblasts  and  enamel  cells — which  produced 
tbe  deposits,  retiring  gradually  from  one  another,  as  the  space  between  them  becomes 
occupied  by  the  newly-formed  dentine  and  enamel  respectively  (Fig.  728,  V.). 

The  remains  of  the  dentine  papilla  persist  as  the  pulp  of  tlie  tooth,  which  is  covered 
even  in  the  adult  by  the  odontoblasts,  and  occupies  the  pulp  cavity,  i.e,  the  central  part 
of  the  tooth  to  which  the  dentine  formation  has  not  extended. 

6.  Turning  now  to  the  jaw  itself :  The  connective  tissue  of  the  gum  surrounding  the 
tooth  germ  (as  the  developing  tooth  with  its  enamel  organ  and  dentine  papilla  are  called) 
early  becomes  condensed  and  vascular  (Fig.  728,  V.),  and  later  on  forms  a  membranous 
bag — the  tooth-sac  or  follicle — which  completely  shuts  off  the  developing  tooth  from  the 
surrounding  structures.  On  the  floor  of  this  sac  the  tooth  germ  sits,  the  base  of  its 
dentine  papilla  being  continuous  with  the  tissue  of  the  floor  of  the  stic,  and  the  young 
tooth  being  enclosed  by  the  sac,  as  a  kernel  is  enclosed  by  its  shell. 

7.  Reverting  to  the  tooth :  When  the  crown  is  completed  the  deposit  of  dentine,  but 
not  of  enamel,  is  continued  downwards  to  form  the  root.  This  latter  is  composed  chiefly 
of  dentine  continuous  above  with  that  of  the  crown,  and  like  it  formed  by  the  odontoblasts 
of  the  dentine  papilhi.  As  the  dentine  is  deposited,  and  the  root  is  being  built  up,  the 
oonnective  tissue  of  the  tooth-sac  comes  to  surround  the  root  more  closely,  and  deposits 
on  its  surface,  after  the  manner  of  a  periosteum,  a  layer  of  bone,  the  cementnin  or  cmsta 
petrosa.  The  cementum  having  been  formed,  the  connective  tissue  of  the  sac  then  per- 
sists as  the  alyeolar  periostenin.  The  development  of  the  root  takes  place  very  slowly, 
and  its  lower  end  is  not  completed  as  a  rule  for  some  time  after  the  eruj)tion  of  the  tooth 
has  taken  place. 

8.  During  the  development  of  the  teeth  the  ossification  of  the  jaw  has  been  going  on, 
and  as  it  grows  up  on  each  side,  the  young  teeth,  enclosed  in  their  tooth-sacs,  come  to  lie 
in  an  open  bony  groove,  which  is  subsequently  divided  by  septa  into  compartments — the 
alveoli — for  the  individual  tooth-sacs.  The  bone  continuing  to  grow  after  birth,  these 
compartments  become  more  perfect,  but  are  never  entirely  closed  in  over  the  crowns  of 
the  teeth.  During  the  eruption  of  the  teeth  the  upper  and  anterior  part  of  these  bony 
cells  is  absorlHjd ;  subsequently,  however,  it  is  reformed  around  each  tooth  when  it  has 
taken  its  final  position. 

9.  Eruption. — Long  before  the  root  is  completed,  the  crown,  by  some  force  which  is 
not  properly  understood,  but  which  does  not  seem  to  depend  on  additions  to  the  root,  is 
pushed  through  the  top  of  the  tooth  sac,  and — the  upper  and  anterior  wall  of  the  roomy 
alveolus  having  been  absorbed  at  the  same  time — onwards  through  the  gum  until  the 
mouth  is  reached.  Later  on,  when  the  tooth  has  assumed  its  final  position,  the  alveolus, 
as  already  stated,  is  re-formed,  and  closely  embraces  the  completed  root. 

10.  After  the  enamel  organs  of  the  milk  teeth  have  been  formed  on  the  inferior  aspect 
of  the  dental  lamina,  as  described  alx)ve,  the  neck  of  epithelium  by  which  tlie  lamina  is 
still  connected  with  the  surface  becomes  broken  uj)  into  a  cribriform  sheet.  Its  free 
posterior  border,  on  the  other  hand,  continues  to  grow  backwards  in  the  tissue  of  the 
giun  towards  the  cavity  of  the  mouth  (Fig.  728,  III.  and  IV.),  and  at  a  later  date  there 
appear  on  its  under  surface,  near  the  free  edge,  and  behind  the  seveml  developing  milk 
teeth,  the  enamel  organs — or  so-called  "reserve  germs  " — for  the  corresponding  permanent 
teeth,  which  are  developed  fmm  these  in  exactly  the  sjime  manner  as  the  milk  teeth 
described  alxjve. 

In  connexion  with  the  development  of  the  permanent  molars,  which  have  no  corre- 
bix>nding  teeth  in  the  milk  set,  there  takes  place  a  prolongation  backwards  of  the  posterior 
extremity  of  tiie  dental  lamina  into  the  tissue  of  the  jaw,  behind  the  last  milk  molar.  On 
the  inferior  aspect  of  this  prolongation,  which  has  no  direct  connexion  with  the  surfaire 
epithelium,  enamel  organs  are  fonned  for  the  permanent  molars,  and  their  further 
development  goes  on  in  the  manner  described  for  the  otiier  teeth. 

The  (litea  at  which  some  of  the  chief  events  in  the  development  of  the  teeth  occur 
may  l>e  briefly  given : — The  thickening  of  the  epithelium,  the  first  sign  of  the  future 
t<.*eth,  begins  about  the  sixth  week  of  fatal  life,  and  the  dental  lamina  is  completed  by 
the  end  of  the  seventh  week. 

The  dentine  papilla;  for  the  eight  front  teeth  aj)pear  and  become  surmunded  by  their 
enamel  organs  about  the  tenth  week,  and  the  papilla  for  the  first  permanent  molar  about 
tlie  seventeenth  week. 

The  first  traces  of  calcification,  and  the  formation  of  the  tooth-sacs,  take  place  about 
the  fifth  month  of  foetal  life.  . 

Eruption  of  Deciduous  Teeth. — The  period  at  which  the  eruption  of  the  milk  teeth 
takes  place  is  extremely  variable,  and  no  two  observers  seem  to  agree  upon  the  question. 
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'I'iu'  t'ljllowini::,  jiccimliuL'  to  'I'omes,  nuiy  be  taken  as  representing  the  average.  Th-. 
Inwer  fciitral  iiKMsors  aj)j»oar  first,  usually  )>et\veen  tlie  sixth  and  ninth  niontli^:  :iie-.. 
fi>lluws  a  rt'^t  of  a  fow  months.  Noxt  come  thi;  four  upper  ineisoi-s,  followed  hy  w  tl-^x*: 
a  few  inontlis.  Tiieu  tho  lower  lateral  incisors  and  the  four  first  molars  enij»t,  ijUatL-r^lr; 
by  a  ri!st  of  a  few  months.  Next  appear  the  canines,  and  finally  the  four  second  m'li.^r^ 
which  are  all  cut  by  the  end  of  the  second  year. 

Tlie  follnwinjx  statement  is  siuiple,  and  perliaps  is  sullicient  for  all  oivlhiar}'  purj^.i*** 
The  temporary  teetii  usually  appear  in  the  followin»jr  nnler :  (.'entml  incisor^  iat^r-J 
incisurN  first  molars,  canines  and  second  molai*s ;  the  eru])tion  connnences  lK?tw»x^'.i  ti.t 
sixth  and  the  ninth  month,  and  is  usually  com])letcd  hy  the  twenty-ftnirth — llu-  1  -vtr 
te<'th,  as  a  rule,  [)recedin;r  tin*  u])per. 

Formation  of  Enamel  and  Dentine.— l)iir«  nut  <»piniuiis  are  held  as  lu  tlu-  iiirtli«-l  in  ui.  ■_ 
ill-' enamel  is  ]nodu«i'<M»y  tin- fnaini-l  a-IN.     i.hw  \w\v  iiiahitaius  that   it   is  sfii-i-ttil  ;uji -1.-. 

•  Mil  by  the  iiiaiin-I  crlls  (KnllikiT).  A<vuTtliu«,^  Ut  \]u'.  (tther  view,  part  ot'  tin-  sul»>tjii.«-.'  nt  i- 
'  ^4U  is  actually  cunveili-d  <»r  traiisfnniu'd  into  eiianu-I  (Tomes).  In  roiiiH'xi<.»n  with  llii-  ]■■.:'•: 
virw.  A\lii<]i  xM-iiis  lo  iircive  iiion-  sup]M.)it  at  pre^-nt.  Tomes  has  <liseo\-fri-<l  tliat  thrn-  ]iT^-v  •• 
tVuiii  tin-  b.'isf  of  i-aih  I'liaiurl  ".h-II,  tuwai-ds  or  into  tlie  most  n-ci-iitly  lormed  eiianu-l, -t  tihril.,: 
|H(ni-s>,  whi<li  li;u<  i.'tvivt-d  tin-  iianit-  of  Tomes*  process,  and  In-  lioKl>  thai  llu-  enamrl  i>  fi-rLi-i 
l«\  «al«iti<vitioii  takiii^^  ])la«t'  in  or  aroiuid  the  pnxv.-s. 

Similarly,  two  vii'W>  aiv  held  a>  to  the  jutKluction  of  dentine  by  tin-  lHl(.lntobla^^'i ;  oii-.-.  :L;! 
tlir  o(hnitnbla-ts  st'tTt-ti'  tlir  iiiatrix  <if  the  driitiin',  and  the  «»ther,  that  tlu*ir  ?»nlr*tan«v  i.s  airn.]'.-. 

•  oiivrrtf'l  iiiin  ijic  matrix.  The  (Klmiiublasts,  when  active,  are  branched  cohinmar-shajKHl  »■  !-. 
ind  iVom  tln'ir  oiiti'r  eii'ls  one  or  mori-  processes  extend  tuwaitls  and  into  the  dentim- :  U-iW'Hi 
ihcM-  ].rocivv>..s  a  matrix  aiii»eai"s — i»ro<iu(»*(l  jiroUibly  l»y  the  o<luntoblast?»  -and  smxhi  thi-  UiUvM 
li.'c.nii,..-^  caliitie<l.  hi  thi-  way  the  dentine  is  formed,  and  the  jniK-ess  is  ivpi:ati-<l  until  it-  t  "! 
ihickncss  i>  attained.  The  branches  of  the  o<luntol) busts,  i-ncasi^l  in  dentine,  just  mrntioi:*"*!.  .:- 
ilir  'romc>"  tibrils  alieady  dex-ribcd  ;  the  canals  in  which  they  lie  an*  the  dentinal  tubr?r:  niil  li.- 
til'iils  thciii-clvo  an-  cuncvrncd  in  the  ])ro<luction  of  the  sheaths  of  Nrumann  whieh  line  the  :i.':-, 

The  tooth-sacs,  when  fully  develo})ed,  are  large  and  distinct  fibi'ous  hii^s  which  i- 
in  the  alveoli  of  the  maxilla  and  mandible,  and  are  continuous  alK»vo  with  the  tissuvf 
the  gvun.  On  the  lingual  side  of  the  Siics  of  the  milk  teeth  are  found  the  genus 'i^ftli^r 
permanent  teeth,  surrounded  by  their  own  sjics.  These  latter  are  at  first  very  small,  ni.-i 
are  partly  embedded  in  the  posterior  wall  of  the  temix)rary  tooth-sacs,  but  subsi-<juriit!; 
they  come  to  lie  in  distiu<'t  )>ut  incomplete  ])ony  cavities  of  their  own.  The  \tou*:  >ur 
rounding  the  tooth-sacs,  temporary  and  permanent,  is  always  wanting  over  the  sun  anil  "f 
the  siic,  an<l  tlie  band  of  connective  tissue  by  which  the  «ie  is  connected  with  the  over- 
lying gum  tissue,  through  the  deficiency,  is  known  as  the  gubemactilam  dentia. 

These  points  are  easily  demonstmted  on  the  h)wer  jaw  of  a  child  at  birth,  jKirticiilarlv 
when  the  tissues  have  been  aHowed  to  soften  a  little.  If,  in  such  a  specimen,  the  lmiiij 
and  periosteum  be  rellected  upwards  from  the  outer  and  inner  surfaces  of  the  mandihU, 
and  freed  as  far  as  the  up])er  bonier  of  the  jaw,  the  gum,  with  the  tooth-siics*  de[xiidlnj 
I'nnn  it  like  small  bags,  can  be  pulled  away  out  of  the  bony  gr(K)ve  of  the  jaw  ;  and  if  tir. 
oi)eration  has  been  successfully  performed,  the  tooth-sacs  of  the  three  fn)iit  j»emian»!ii 
teeth  may  )>c  seen,  varying  in  size  from  a  small  pin's-head  to  a  hemj»-seed,  hanging  do^ii 
behind  the  ujjper  ])art  of  the  corresjionding  t<?niponiry  sues.  As  already  explain^-i, 
the  tooth-sacs  are  produced  simply  by  a  condensation  of  the  connective  ti.ssiie  aroun-j 
tile  developing  tooth,  the  condenstition  going  on  to  the  formation  of  a  distinct  njcii; 
i)ranous  bag. 

Formation  of  Alveoli  and  Eruption.-  At  first  the  developing  teeth  lie  in  an  "f-:! 

bony  irroove  or  ciiannel  between  the  outer  and  inner  plates  of  the  young  jaw.  Tiii- 
groove  is  subse«piently  divided  up  into  separate  compartments  for  the  siics  of  each  of  ti.'. 
temj)orary  teeth.  As  development  j)roceeds  these  compartments  or  alveoli  surn.nmd  *h 
sacs  more  completely,  but  never  actually  close  over  the  summit.  When  the  erujitiwi  i 
the  temporary  teeth  is  about  to  take  place,  the  anterit^r  wall  and  roof  of  the  alvtMilus  ur. 
absorbed  :  tin;  tooth  passes  through  the  sac  and  appears  above  the  gum,  and  then  !ii'J 
alveolus,  which  up  to  this  was  nuH'h  too  large  to  give  actual  sup]H>rt,  is  re-fonnc'l  in  '!^ 
cloM'ly  around  the  tooth.  Meanwhile  the  root,  which  was  only  partly  formed  at  the  tin:', 
of  the  (!ru])tiou,  continues  to  be  added  to,  possibly  for  a  few  years  more,  and,  as  it  gr»?«*. 
the  alveolus  is  completed  around  it.  When  the  permanent  tooth,  or  as  iinioh  i«f  ir  ;i- 
is  tlicn  formed,  is  about  to  l>e  erupted,  it  makes  its  way  from  its  own  l>ony  coll  thp»iidj 
the  posterior  wall  of  the  alveolus  of  its  temporary  j)redecessor :  the  rcKjt  of  the  tenip.'r.iry 
tooth  iin(lerL:oes  absorption  at  tiie  same  time,  but  quite  independently  of  pressure  fn-m 
tht?  permanent  tooth.  The  alveolus,  now  occupied  by  lM»th  tveth,  is  again  umch  enl.-nvi"' 
by  alKsorjition,  i>articularly  in  front;  what  remains  of  the  temporary  tooth  is  shed:  tl»L 
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permaueut  tooth  passes  onwards  through  the  enlarged  alveohis,  and,  making  its  way  to 
the  surface,  appears  above  the  gum.  After  some  time,  when  the  tooth  has  taken  its  final 
position,  the  alveolus  is  again  re-formed,  first  around  its  neck,  and  later  on,  as  the  root  is 
built  up,  around  it  also,  and  thus  the  tooth  is  permanently  fixed. 

What  the  force  is  which  causes  the  eruption,  is  a  question  that  has  not  been  answered 
satisfactorily.  That  the  growth  of  the  root  pushes  up  the  crown  was  formerly  the 
favourite  explanation.  For  several  reasons,  unnecessary  to  detail,  this  view  is  now  dis- 
carded, and  a  theory  which  attributes  the  impelling  force  to  the  blood  pressure  is  looked 
upon  with  more  favour,  although  even  this  is  not  altogether  satisfactory.  (See  Tomes' 
IXefUcd  Anatomy y  5th  Edition,  page  211.) 

Morphology  of  the  Teeth. 

In  most  vertebrates  below  mammals  all  the  teeth  are  alike  in  form  ;  such  a  dentition  is  said 
to  be  homodont.  In  the  majority  of  mammals,  on  the  other  hand,  the  teeth  are  arranged  in 
groups  of  different  size  and  form ;  such  a  dentition  is  heterodont 

•  Again,  mammals  have,  neglecting  exceptional  cases,  but  two  functional  sets  of  teeth  ;  they  are 
eonsequently  said  to  be  diphyodont.  Most  vertebrates  below  mammals,  on  the  other  hand,  have 
a  contmuous  succession  of  teeth  throughout  life,  and  hence  are  said  to  be  polyphyodont 

Seeing  that  practically  all  lower  vertebrates  are  provided  with  simple  conical  teeth,  the  evolu- 
tion of  the  many-cusped  mammalian  molar  has  civen  rise  to  much  speculation.  The  jaws  of  the 
earliest  fossil  mammals  found  are  furnished  with  tri-tubercular  teeth,  the  three  tubercles  being 
placed  in  an  antero-posterior  line ;  by  a  rotation  of  two  of  the  cusps  out  or  in,  as  the  case  may 
be  (a  condition  found  in  certain  other  fossil  skulls),  we  arrive  at  a  tri -tubercular  form,  from  which 
the  transition  to  an  ordinary  mammalian  molar  is  not  difficult  As  to  how  the  tri-tubercular 
tooth  arose  from  the  simple  cone,  two  different  views  are  advanced  :  one,  that  it  was  formed  by  the 
union  of  several  conical  teeth  as  a  result  of  the  shortening  of  the  jaw  and  the  crowding  of  the 
teeth  together ;  the  other,  that  the  single  conical  tooth  developed  on  its  crown  two  subsidiary 
cusps,  one  in  front  and  the  other  behino,  and  that  these  cusps  growing  larger,  the  tooth  assumed 
the  tri-tubercular  form. 

The  complete  or  typical  msmTnalian  dentition,  in  its  highest  development,  as  in  the  horse,  is 
represented  by  the  following  formula  :  i,  i,  c.  i,  pm.  ^,  m.  f =44.  In  the  dentition  of  man,  there- 
fore, one  incisor  and  two  premolars  are  wanting.  Different  views  are  held  as  to  which  teeth 
have  been  suppressed — most  probably  they  are  the  second  incisors,  and  the  first  and  second  or  first 
and  last  premolars. 

In  general  it  may  be  said  that  the  dentition  of  the  lower  races  differs  from  that  of  the 
higher,  in  that  the  dental  arches  are  squarer  in  front,  the  teeth  larger  and  more  regular,  the 
canines  stronger,  the  wisdom  teeth  better  developed,  and  the  cusps  on  the  molars  more  perfect,  in 
the  lower  than  in  the  more  civilised  races.  It  may  be  mentioned,  however,  that  tlie  teeth  of  a 
savage  man,  if  seen  in  the  mouth  of  a  European,  would  be  looked  upon  as  an  "  exceedingly 
perfectly-formed  set  of  teeth  "  (Tomes). 

To  express  the  proportionate  size  of  the  crowns  of  the  premolars  and  molars  to  that  of  the 
skull  in  different  races,  Flower  compared  the  distance  from  the  front  of  the  first  pi-e molar  to  the 
back  of  the  last  molar,  in  situ,  with  the  distance  from  the  front  of  the  foramen  magnum  to  the 
naso-frontal  suture  (basi -nasal  length),  in  the  form  of  a  "dental  index" — 

r^         Length  of  teeth  x  100    ^     .  ,  .    -, 
Tims :     ^^  r      -  T-,       .T      =  Dental  mdex, 
Basi -nasal  length  ' 

and  by  this  means  he  has  divided  the  various  races  into  microdont  (index  42  to  43,  Europeans, 
Egyptians,  etc.),  mesodont  (index  43  to  44,  Chinese,  American  Indians,  Negroes,  etc.),  and  macro - 
dont  (index  44  and  upwarrls,  Australians,  Melauesians,  etc). 

THE  PHARYNX. 

The  pharjmx  is  the  expanded  upper  portion  of  the  digestive  tube  which  lien 
behind,  and  communicates  with,  the  mouth,  the  larynx,  and  the  nasal  ciivities 
(Fig.  729).  It  serves  for  the  passage  of  both  air  and  food,  conveying  the  former  to 
the  larynx  and  the  latter  to  the  oesophagus. 

It  extends  from  the  base  of  the  skull  above  to  the  level  of  the  sixth  cervical 
vertebra  below  (Fig.  730),  where,  opposite  the  lower  border  of  the  cricoid  cartilage, 
it  passes  into  the  oesophagus;  its  total  length  varies  from  5  to  5 J  inches  (125 
to  140  cm.). 

When  in  its  natural  state  within  the  body,  the  pharynx  is  expanded  laterally 
and  compressed  in  the  opposite  direction,  so  that  its  anterior  and  posterior  walls 
approach  one  another,  and  its  sides  are  reduced  to  little  more  than  mere  borders. 
Although  its  cavity  is  much  reduced  by  this  approximation  of  the  anterior  and 
posterior  walls,  there  is  always  left,  above  the  orifice  of  the  larynx,  a  sufficient 
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Kpace  for  the  entrance  of  air  to  the  lung«.  Below  the  laryngeal  orifice,  on  th 
other  hand,  the  anterior  and  posterior  walls  are  in  contact,  and  the  cavity,  excfj 
(luring  the  passage  of  food,  is  reduced  to  a  transverse  slit  (Fig.  730). 

As  usually  aoen  iu  the  dissiMitini'-rooiii,  wlieu  disteiidiHl  for  dissection,  the  pharyux  is  of  :i 
i'lungat<*(l  oval  form,  taperiug  rapidly  helow.  This  form,  however,  is  due  t*ntirely  to  tlie  ait 
firial  oonditioiis  uiwh-r  which  it  is  placed. 

Taken  as  a  whole,  th(^  ])harynx  is  a  tuhe,  the  anterior  wall  of  which  is  wantiii; 

The  place  of  ilii 
wall  is  oocupir 
l>ythenas<il,ora 
and  larynL''-j 
cavities,  as  wt-i 
as  by  the  base  < 
the  tongue ;  mi 
to  tlie  kit<ri 
boundaries  of  al 
these  i»arts  t:i 
sides  of  th»^  tul- 
are  conneetri 
In  this  way  i 
comes  to  I^t^  at 
t  ached  froi 
al.)Ovedownwar: 
to  the  followih 
more  or  less  iii\c 
l-ioints: — (1)  Th 
Eustachian  tuli 
and  intern^ 
pterygoid  i»l.ite 
(2)  the  pt4?n-g< 
maxillary  lipi 
ment,  the  j->s 
tt^rior  end  nt  ih 
mylohyoid  ridt: 
on  the  inner  a? 
pect  of  the  lowi* 
jaw,  and  lb 
mucous  mem 
hrane  of  ih- 
mouth  ;  (3;  th- 
l>aseof  thetongu^ 
and  the  hyoii 
bone ;  and  (4 
the  thyroid  aii" 
cricoid  cartiluiro: 
of  the  larynx 
AlK>ve,iti8firmh 
fixed  by  its  a]-> 
neurosis   to   i]u 

KlC.   7'JO.  -THK    ANTKUIdK    \\\U.   ok   TIIK    THAKYNX    with    ITH    ORIFICKS,    SJKEN  TieriOSteUm  Of  t h< 

KUOM    BEHIND.  {         .  •     -.     i 

iM  r        1    1  *i     ,  ,         ,    .    , .         .      ,.   ,     .        oasi-occipitalan* 

1  lie  KutMiinen  from  winch  the  ilrawiiig  wjis  made wfts obtniiu'd frfnii  ft  fonnahii-harilcued        .  ,  •« " 

body,  by  nMiiovin;;  tlio  posterior  wall  of  the  pharynx  while  leaving  the  anterior  P®"'0^1S  pOftlor 
wall  uudisturbrd.  The  following  points  shonld  be  noted  :  the  greatest  width  of  of  the  temjH^ni] 
the  iih.ir>nx.  above,  at  the  lateral  recesses  ;  the  posterior  nares,  with  the  inferior  boueS  '  and  in 
tiirbiniitnd  bones  sem  through  them;  the  levator  cushion;    and  the  pharvngeal      j  j  •  J- 

'      •  ^     aaclition 


litiHrnal  can)tiil  artery 
ForairiMi  Incenini  mfHliuni 
— ^Cartilfl^^  of  Kustarhian  tube 
Cavity  of  Ku.ttachian  tiil^; 

Levi  tor  ]>alati 

Inferior  turbinated  l^uie 

Intent  recess  of  phar>-nx 

i.^rvmtor  ciishiun 

Superior  conntrictornniscle 
Glands  jn  itofc  x^alate 
UvnU 
-  P&latopTiaryiip'U'i 
"dremn vallate  iMpilhc 
— ^^Staicui*  teniiinulis 

— ^Ioi^o|pharynp?al  nerve 
FonuiiMi  cit'cuni 
Lyntplioid  fullirlH 

Mld^lLi-  L'onstrietor  muiM'le 
EpiglottiH 

Phfliyngi.»-«'pigliittir  fold 
Llngiukl  artcrj- 

HyuglDr^HUK  1liU;4c]f 

Hyoid  Ikiiih 

Baperior  lurynK''**!  art«'ry 

Iiitflrnal  Uryntrwd  ihtvo 
Ar)tciiOH.'pii;IoltU-  fold 
Sitiijft  pyrifoniii!4 
Sujn?ri<jr  uiii^rtun*  of  laiynx 
Inferior  c'«..ii>itrict«>r  niu-^cle 
T<jp  of  *;rJc«>iil  oartilajr*' 


portion  of  the  lonjrue. 


the   levator  cushion;    :umi    me   |Mi»rviiKeni    1  fl  J  :  f  •  A] 

raphe  of  the  cou- 

strictors  is  attached  to  tlie  pharyngeal  tubercde  of  the  occipital  bone.  Below  it 
hocoines  continuous  with  the  cesophagus.  l^ehind  and  at  the  sides,  the  pharynx 
is  connected  merely  by  loose  areolar  tissue  to  the  surrounding  parta 
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The  pharynx  presents  the  following  relations: — In  front,  as  already  described, 
are  the  nasal  cavities,  the  mouth,  base  of  tongue,  and  larynx,  all  of  which  are  seen 
on  its  anterior  wall  (Fig.  729).  Behind,  it  is  separated  by  loose  areolar  tissue  (known 
as  the  retro-phairngeal  space)  from  the  prevertebral  fascia  and  muscles,  which  inter- 
vene between  it  and  the  six  upper  cervical  vertebrae.  At  the  sides  are  placed  the 
carotid  sheaths  with  their  contents,  whilst  the  styloid  process  with  its  muscles, 
and  the  glosso-pharyngeal  nerve,  running  downwards  and  forwards,  form  lateral 


Mi<VUe  DiLUtu^  uf  u*ihii 


liifcriur  mf^atua 


Superior  m«atus  of  nose         ^^ 


Inferior  torbitiatnd  bone 


Poaterloredge  of  nasal  septum 
Oriflli'^'  of  Eustachiau 


Bursa  ]iliar>iigpa 

Part  of  the 
pharyngwil  tonsil 

TjAtcral  r»M'e.H8  of 
j>har>'iix 

fiftvator  cushion 

SalpinK'o- 
|)haryngeal  fohl 

Cilandn  in  Hoft 
l>alat«r 

(>alatine  arc)i 
__Snpratou«illar 

fUHHa 

--  Plica  trianjjularis 
■     Tonsil 


atDlugtePWMi 


Posterior  iKilntinr 
an'h 


E^pi^Iottis 

Ajyteno- 
i*piglottie  folil 


(^ricoi«I  cartilajre 


Ociilubfoid 
Lymphoid  fu!lkl« 


Fiii.  730. — Sa<iittal  Section  Teuoi'aH  Mouth,  Tongue,   Larynx,  Phakynx,  and  Nasal  Cavity. 

The  section  is  slightly  oblique,  and  the  iKwterior  e«lge  of  the  nasal  septum  has  l>een  pi-eserved.  The 
specimen  is  viewed  sliglitly  from  below,  hence  in  part  the  low  jwsition  of  the  inferior  tnrljinated 
bone. 

n^lations  in  its  upper  part.  Above,  the  pharynx  is  united  to  the  basi-occipital  and 
the  petrous  portion  of  the  temporal  bones,  as  already  descrilx^d  ;  and  helov\  it  joins 
the  oesophagus. 

The  cavity  of  the  pharynx  is  widest  above  in  the  naso-pharynx,  immediately 
behind  the  Eustachian  tubes  (Fig.  729),  where  it  extends  out  on  each  side,  over 
the  upper  border  of  the  sujx^rior  constrictor,  in  the  form  of  a  pouch — the  lateral 
recess.  Its  width  is  also  considerable  opposite  the  upi)er  part  of  the  thyroid  carti- 
lage, but  it  rapidly  diminishes  below  the  laryngeal  orifice,  and  is  narrowest  at  its 
temiination  in  the  oesophagus. 

The  cavity  is  interrupted  above  by  the  soft  palate,  a  movable  muscular  sheet 
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which  is  attached  in  frout  to  the  hard  palate,  and  laterally  to  the  side  walls  of  the 
])harynx.  This  sheet,  sloping  obliquely  backwards  and  downwards,  cuts  into  ibc 
(•avity  of  th(i  pharynx  (Fig.  730),  and,  falling  short  of  the  posterior  wall,  incom- 
])leteiy  divides  it  into  two,  namely,  an  upper  part  or  naso-pharynz  (pars  nasalis),  and  a 
lower  part  or  pharynx  proj)er,  which  is  further  subdivided — perhaps  unnecessarily— 
into  the  oral  pharynx  (pars  oralis)  lying  behind  the  mouth  and  tongue,  and  the 
laryngeal  pharjmx  (])ars  laryngea)  behind  the  larynx. 

The   a])erture   left   behind   the    soft   palate   and   the   posterior  wall   of  th'- 
pharynx,  through  whicli  the  naso-pharynx  communicates  with  the  lower  ili visions 


I\mt«rior  imkI  «»f 
Tiiiddle  turbjii.ttt'<l  - 
bon ; 


Pharynj;eiil  tonsil  ^ 


Antrum  of  Uii^'liinoie 

Pi)sl»-nor  I'lid  of 

inferior  turbiii;it«Ml 

boiit' 


(ilnnils  ill  bunl 


Wis.loiii  t«K»tIi 


Uvula - 


iytUt 


lV>5iiT  rior  od;:i»of 
'BtViUL-hiau  riisLA-r. 


tJiLit 


Aiitn-rior  i*latiiif 
arch 


Tonsil 
BTiCCii»«t'»r(tiil.> 


f^jffterior  palatini 
PhAf7iiKi<al  i*thn:ii* 


^Tbvtmite 


KKj!.  731.— TifK  Nasopharynx  from  thk  Front. 

coronal  sci'tion  was  made  through  the  ujiper  jmrt  of  the  hea<l ;  this  passed  iinnic<Uately  iu  front  of 
tlio  imsterior  edg«  of  the  nas:al  sopttim,  and  extended  into  the  mouth  l)elow.  Through  the  j<»Nlerior 
nares  llie  naso-jiliarynx  is  seen.  The  promineuce  of  tlie  jKisterior  margin  of  the  Ku.stacbiau  orifict, 
an<l  the  luuplioid  nodules  con«<tituting  the  pharyngeal  tonsil,  should  be  noted.  The  pulatiuc  anrbc«, 
tlie  tonsils,  and  an  unusually  wiile  pharyngeal  isthmus,  are  also  seeu. 


of  the  cavity,  may  conveniently  be  called  the  pharyngeal  isthmus  (isthmus 
pharyngo-na.silis). 

The  pharynx  ])resents  seren  openings  through  which  it  communieatea  \*iih 
neighbouring  cavities  (Fig.  V29).  These  are  the  two  posterior  nares  (choanie) 
on  the  anterior  wall,  and  the  two  Eustachian  tubes  on  the  sides,  of  the  naso- 
pharynx ;  the  isthmus  of  the  fauces  leading  into  the  mouth  from  the  oral  pharynx; 
the  orifice  of  tlie  larynx  on  the  anterior  wall  of  the  laryngeal  portion  of  the 
cavity  ;  and  finally,  the  opening  of  the  oesophagus  at  its  lower  end. 

Naso-pharjnix  (Figs.  730  and  731). — Although  described  asa  part  of  the  pharynXt 
t  his  portion  of  the  cavity  should  be  regarded  as  an  annex  to  the  respiratory  portion 
of  the  nasal  cavities  rather  than  as  a  subdivision  of  the  pharynx  proper^  for,  both 


THE  PHARYNX.  1033 

latomically  and  functionally,  it  is  all  but  completely  marked  off  from  the 
gestive  tube.  It  diflFers  from  the  rest  of  the  pharynx  in  that  its  cavity  remains, 
ader  all  conditions,  a  distinct  open  chamber  incapable  of  obliteration,  owing  to 
le  fact  that  all  its  walls,  with  the  single  exception  of  the  floor,  are  ])ractically 
amovable. 

The  chamber  of  the  naso-pharynx  is  irregular  in  shape,  and  is  enclosed  by  six 
aUs — namely,  anterior,  posterior,  two  lateral,  and  a  floor — together  with  a  roof  or 
ault  formed  above  by  the  approximation  of  the  anterior  and  posterior  walls. 

The  anterior  wall,  which  slopes  upwards  and  backw^ards,  is  entirely  occupied  by 
16  two  posterior  nares,  with  the  nasal  septum  between  them  (Fig.  729). 

The  posterior  wall  is  inclined  upwards  and  forwards,  and  forms  the  vault  of  the 
barynz  (fornix  pharyngis)  above  by  meeting  the  anterior  wall  at  a  rounded  angle. 
>n  the  upper  part  of  the  posterior  wall,  at  and  above  the  level  of  the  Eustachian 
rifices,  there  is  seen,  particularly  in  early  life,  a  considerable  accumulation  of 
rmphoid  tissue,  associated  with  a  thickened  and  folded  condition  of  the  mucous 
lembrane  in  the  child.  This  is  the  pharsnigeal  tonsil  (tonsilla  pharyngea,  Figs. 
30  and  731).  In  old  age  it  becomes  very  indistinct,  or  completely  disappears ; 
whilst  in  the  child  it  is  often  increased  in  size,  and  occasionally,  when  greatly 
ypertrophied,  blocks  up  the  naso-pharynx  almost  completely. 

In  connexion  with  the  lower  part  of  the  pharyngeal  toiisil,  there  is  found,  consUmtly 
1  the  child  and  occasionally  in  the  adult,  a  small  median  recess  which  runs  upwards  and 
ack  wards  in  the  wall  of  the  pharynx  for  some  distance,  and  is  known  as  the  bursa 
haryngea  (Fig.  730). 

Three  leading  views  are  held  as  to  the  nature  of  the  bursa  pharyngea,  namely — 
.  That  it  is  the  remains  of  Rathke's  pouch,  from  which  the  anterior  lobe  of  the  pituitary 
ody  is  formed.  2.  That  it  is  a  crypt  connected  with  the  formation  of  the  pharyngeal 
)n8il.  3.  That  it  is  an  independent  outgrowth  of  the  mucous  membrane.  The  last  view 
\  perhaps  most  generally  accepted.  ' 

The  floor  of  the  ntwo-pharynx  is  formed  by  the  upper  surface  of  the  soft  palate 
Fig.  730),  which  in  its  anterior  part  is  a  direct  continuation  backwards  of  the  floor 
r  the  nasal  cavity,  whilst  posteriorly  it  slopes  strongly  downwards  and  backwards. 
etween  the  floor  and  the  posterior  waU  is  left  the  aperture  referred  to  above  as 
le  pharyngeal  isthmus,  through  which  the  naso-pharynx  communicates  with  the 
«t  of  the  pharyngeal  cavity.  By  the  action  of  the  palatal  muscles  the  floor  can 
3  raised  or  depressed, and  these  changes  of  position  are  accompanied  by  corresponding 
terations  in  the  size  and  shape  of  the  cavity. 

Each  lateral  wall  of  the  naso-pharynx  (Fig.  730)  is  occupied  in  the  greater  part 

its  extent  by  the  opening  of  the  Eustachian  tube,  behind  which  is  seen  a 
^rtical  slit-like  depression  leading  into  a  recess,  the  lateral  recess  of  the  pharynx, 
'  fossa  of  Bosenmiiller. 

The  pharyngeal  orifipe  of  the  Eastachian  tube  (ostium  pharyngeum)  isaconsiderablo 
)ening,  usually  of  a  somewhat  triangular  form,  with  a  characteristic  infundibular 
•  funnel-like  appearance  (Fig.  730).  It  is  bounded  above  and  behind  by  a 
rominent  rounded   ridge,  the  Eustachian  cushion  (torus  tuberius).      This  ridge 

due  to  the  projection  of  the  cartilage,  which  surrounds  tlie  Eustachian 
Bwsage  above  and  behind,  but  is  absent  below  and  in  front.  The  prominence 
:  the  posterior,  as  contrasted  with  the  anterior  margin  of  the  orifice,  and  the 
Lrection  of  the  tube  itself,  which  runs  strongly  forwards  as  well  as  inwards 
raced  from  the  tympanum),  greatly  facilitate  the  introduction  of  a  Eustachian 
itheter. 

The  exact  position  of  the  orifice  is  of  importance  in  connexion  with  this  latter 
peration.  It  is  situated  on  the  side-wall  of  the  naso-pharynx,  a  short  distance 
ibout  ^  to  I  inch)  behind  the  posterior  end  of  the  inferior  turbinated  bone,  and 
nmediately  above  the  level  of  the  hard  palate  (Figs.  730  and  731). 

A  slight  ridge  of  the  mucous  membrane  descends  from  the  lower  end  of  the  Eustachian 
ishion  on  the  side-wall  of  the  pharynx,  and  gradually  becomes  lost  This  is  known  as 
le  nlllillga-llliarTllgeal  fold  (plica  salpingo-pharyngea).  Another  less  developed  ridge, 
le  lalpillgo-pAlatine  fold  (plica  salpingo-palatina),  passes  from  the  anterior  border  of 
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tlie  Eustiichiiin  oiiHce  downwards  jind  forwards  to  join  the  palate.  In  fn>nt  of  the  laltt-r 
lies  an  indistinct  groove,  the  naso-phairngeal  groove,  which  indic^ites  the  sepamtioii  of 
the  nasal  cavity  from  the  naso-pharynx. 

The  levator  i)alati  muscle  in  descending  runs  parallel  to  the  EusUichian  tuljc,  and  Ahu\: 
its  lower  l)order.  As  it  enters  the  palate,  it  produces,  particularly  when  in  a  state  «»f 
contraction,  an  elevation  just  below  the  Eustachian  orifice,  known  as  the  levator 
cushion  (torus  levatorius,  Figs.  729  and  730),  which  in  its  outer  portion  abuts  agiiins: 
the  lower  part  of  the  orifice,  and  forms  its  base  when  that  opening  assumes  its  usual 
triangular  shape. 

Occasionally  the  Eustachian  orifice  is  of  an  oval  or  slit-like  form,  with  sloping  etljrcs 
but  the  triangular  shape  descriljed  above  is  much  more  commonly  found. 

Immediately  ])ehind  each  Eustachian  orifice  is  seen  the  lateral  recess  of  the 
phaaynz  (recess us  pharyugeus,  fossa  of  Kosenmiiller),  a  nearly  vertical,  slit-like 
dt^pression  of  considerable  depth  (Figs.  729  and  730),  which  runs  outwards  iu  th»' 
form  of  a  flattened  pouch  or  diverticulum. 

The  latiral  nccjNses  pro)\*ct  out  over  the  upper  margin  of  the  sujierior  constrictor,  nvA 
hi*iu*ath  the  petrous  portion  of  the  tcniiK)ral  bone,  corresponding  to  the  po:«ition  of  the  ^iiiiis  "i 
Mi^rgagiii  on  each  .side.  The  recess  is  the  remains  of  the  inner  or  i)haryngeal  {K>rtiou  of  ii;i 
sroond  viscei-al  cleft,  the  lower  j>art  of  which  is  represented  in  the  supratonsillar  foe<*ja. 

Oral  Pharynx  (pars  oralis). — This  is  the  portion  of  the  pharyngeal  cavity  which 
lies  l)eliind  the  mouth,  and  intervenes  between  the  soft  {)alate  above  and  iln* 
su])eri(>r  aperture  of  the  larynx  below.  Its  anterior  wall  is  occupied  by  the 
isthmus  of  the  fauces,  leading  into  the  mouth ;  and  l)elow  this  by  the  pharyngeal 
jiortion  of  the  tongue,  almost  vertical  in  ilirection.  Its  lateral  trail  (Fig.  7^''0 
presents  a  triangular  area  (sinus  tonsillaris),  bounded  in  front  by  the  anterior 
l)alatine  arch,  behind  by  the  posterior  palatine  arch,  and  l>elow  by  the  sides  of  tin' 
tongue  in  its  ])liaryngeal  portion.     This  area  is  occupied  in  the  greater  part  of  ii^ 

,,.,     , .,,  extent  by  the  tonsil,  above  wliich  \> 

found  a  depression,  the  supratonsillar 
fossa  (Fig.  730),  which  is  of  consider- 
able interest  clinically. 

The  posterior  palatine  arch  (aaus 
pharyngo-palatinus,  posterior  pillar  «4 
the  fauces)  is  a  prominent  fold  <*: 
mucous  membrane,  containing  the 
palato-pharyngeus  muscle  in  its  in- 
terior, which  springs  aliove  from  the 
posterior  edge  of  the  soft  pilate,an<l 
passing  downwards  and  shghtly  Ijack- 
wards,  ends  l)elow  on  the  side-wall  of 
the  pharynx  (Fig.  730).  The  two 
posterior  palatine  arches  form  the 
lateral  boundaries  of  the  phar}'ugeal 
isthmus,  which  passage  they  can  motUfy 
both  in  size  and  shaj^e  by  the  con- 
traction of  their  contained  muscles. 

The  anterior  j)alatine  arch  is  ile- 
scribed  on  page  1000. 

The  pharTD^eal  isthmus  (isthuiiis 
pharyngo-nasalis)  is  the  vers-  obUqiie 
and  somewhat  triangular  orititr 
through  which  the  oral  pharynx  com- 
municates with  the  naso-pharynx  (Fiii. 
732).  It  differs  considerably  in  size 
and  shape  in  diHerent  indi\iduals,  being  in  some  so  small  that  the  naso-pharynx 
can  be  explored  from  the  mouth  only  with  very  great  dif!iculty ;  whilst  in  othen* 
it  is  of  much  larger  dimensions  (Fig.  731)  and  affords  ample  space  for  the 
rhinoscopic  examination  of  the  naso-pharynx  and  the  Iwick  pan  of  the  nasal 
cavities. 


ri[i[jhe  of  jKilatu 
I'vulii 


Fii 


732. — Oi'KN  Mouth  showing  Palatk  and  Tonsu-s. 


It  also  shows  the  two  juihitinc  aiclies,  and  the  jiharyngeal 
i«Ntliinus  throu;jii  whioh  tlie  naso-pharynx  ahovc  com- 
municates Willi  the  oral  jjortion  of  the  phaiyux 
helow. 
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crypts  of  the  tonsil.     These  crypts  are  most  numerous  in  the  upper  part  of  the  mass. 
wliero,  in  particular,  they  form  a  series  of  irregular  inter-communicating  passages. 
The  outer  or  attached  surface  is  enclosed  in  a  distinct  fibrous  capsule  connectei 
with  the  pharyngeal  aponeurosis,  outside  which  lie  the  superior  constrictor  of  the 
pharynx  and  the  internal  pterygoid  umscles  (Fig.  733). 

The  ascending  palatine  artery,  running  upwanls  and  backwards  between  the  styK 
glossus  and  stylo-pharyngeus,  lies  in  close  relation  to  the  outer  surface  of  the  tonsil  — 
separated  only  by  its  capsule  and  the  superior  constrictor — as  does  also  the  tonsillar 
artery,  which  is  often  represented  by  a  bninch  of  the  last.  More  external  still  lies  the 
internal  pterygoid  and  the  ramus  of  the  jaw ;  whilst  the  internal  carotid  artery,  with  the 
large  cranial  nerve  trunks,  is  placed  J  to  1  inch  behind  and  to  its  outer  side  (Fig.  733). 

The  size  of  the  tonsils  is  extremely  variable,  but  as  a  rule,  in  early  life,  they 
measure  soniethuig  under  1  inch  (20  to  22  mm.)  from  above  downwards,  about  \  inch 
(18  to  20  mm.)  antero-posteriorly,  and  ^  inch  (12  to  15  mm.)  from  within  out 

In  tli(^  cliild  and  young  adidt  there  is  usually  seen  a  thin  triangular  fold  of  muoous  meiu- 
brauo,  the  plica  triangularis  (His),  which  stretches  from  the  anterior  iialatine  arch  backwanlit  for 
a  variable  distance  over  the  tonsil  (Fig.  730).  Its  apex  is  directed  upwards  towards  the  soft 
])alate,  its  base  towanls  the  tongue,  and  its  free  margin  crosses  the  tonsil,  to  which  it  ofttJi 
a<llnir('3  iu  later  life.  In  this  latter  condition  the  phca  encloses  a  more  or  less  distinct  ^pacr 
situated  between  itself  and  the  tonsil,  in  which  diseased  processes  are  often  set  up. 

Above  the  tonsil,  as  aln^idy  uientionetl,  is  found  a  variably-developed  depression,  the  ropn- 
tonsillar  fossa,  which  occasionally  is  of  considerable  size,  and  then  extends  either  upwards  into 
the  soft  palate  or  forwards  and  doA^Tiwards  l>eneath  the  pUca  triangularis.  This  fossa  is  frequentlv 
till'  seat  of  suppurative  chauL'es,  and  is  consequently  of  considerable  cUnical  importance. 

The  sui»ratonsillar  fossa,  like  the  lateral  recess  of  the  pharynx,  is  the  remains  of  the  pharrii- 
geal  portion  of  the  second  visceral  cleft  The  palate  in  its  growth  backwards  crosBes  taeclVft. 
which  it  divides  into  two  parts— namely,  the  pharyngeal  recess  above,  and  the  supratc»iisillar 
rece&s  below  the  soft  palate. 

In  the  severe  h.euiorrbage  which  has  been  known  to  follow  excision  of  an  enlarged  tonsil,  an'l 
which  has  been  erroneously  attributed  to  the  wounding  of  the  internal  carotid  artery,  the  blrx)d  is 
derived  chiefly  from  eidarged  branches  of  the  ascending  palatine,  tonsillar,  or  asc«^nding  pharyn- 
geal vessels. 

The  arteries  of  the  tonsil  are  derived  from  the  ascending  palatine  and  tonsillar  branches  of 
the  facial,  the  ascending  j)haryngeal  of  the  external  carotid,  and  the  dorsalis  linguae  of  tie 
lingual.  The  veins  pass  to  the  tonsillar  plexus,  on  the  outer  side  of  the  tonsil,  which  is  an 
t>ffshoot  of  the  pharyngeal  venous  plexus. 

Nerves. — The  tonsil  receives  a  special  branch  from  the  c^losso-pliaryngeal ;  this  unites  ^-iUi 
branches  from  the  pharyngeal  plexus  in  a  small  plexus  tonsillaris  which  supplies  the  organ. 

The  lymphatics  are  extremely  numerous,  and  pass  down  to  join  some  of  the  submaxiUar}- 
lyni])hatic  glands  near  the  angle  of  the  jaw. 

Laryngeal  Portion  of  the  Pharynx  (pars  kryngea). — ^This  division  of  the 
pharyngeal  cavity  lies  behind  the  larynx  (Fig.  729).  It  is  wide  above,  where  it  L^ 
continuous  with  the  oral  portion,  and  maintains  a  considerable  width  until  within 
about  an  inch  of  its  termination,  when  behind  the  cricoid  cartilage  it  narrows 
rapidly  and  passes  down  to  join  the  oesophagus.  Except  during  the  passage  of  food, 
the  anterior  and  posterior  walls  of  this  latter  part  are  in  contact,  and  its  ca>ity  is 
reduced  to  a  mere  triinsverse  slit  (Fig.  730). 

The  anterior  wall  of  the  laryngeal  ]^x)rtion  of  the  pharynx  is  formed  in  its  whole 
extent  by  the  back  of  the  larynx,  of  which  the  following  parts  are  seen  within  the 
pharyngeal  cavity  (Fig.  729) : — The  epiglottis  above ;  below  this  the  superior 
aperture  of  the  larynx,  bounded  at  the  sides  by  the  aryteno- epiglottic  folds; 
outside  these  folds  is  seen  on  each  side  a  deep  recess,  the  sinnB  pyiiformis  (recessus 
piriformis,  Fig.  729 j.  Lower  down  still,  the  back  of  the  arytenoid  and  cricoid  carti- 
lage, covered  by  nmscles  and  mucous  membrane,  are  visible. 

Its  posterior  and  lateral  walls  are  directly  continuous  with  the  correspondiug 
walls  of  the  oral  pharynx, and  present  no  features  which  require  special  notice. 

A  ])rominent  fold  of  the  mucous  membrane,  extending  from  the  side  of  the  epiglottis,  runs  up 
along  the  lateral  wall,  ujx»n  whicli  it  ends  near  the  jKeterior  palatine  arch.  This,  the  pbaryngo- 
epiglottic  fold,  is  often  ilescribed  as  a  lateral  glos.so-epiglottic  fold  (see  j).  1002). 

The  sinus  pyriformis  is  a  deep  depression,  seen  on  each  side  between  the  arjteno- 
ei)iglottic  fold  and  the  ala  of  the  thyroid  cartilage.     When  viewed  from  above,  as 
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laryngosoopic  examinations,  it  appears  of  a  pyriform  shape,  the  wider  end  being 
ected  upwards  and  forwards.  When  viewed  from  behind,  the  recess  is  boat- 
tped  and  elongated  in  the  vertical  direction.  Its  outer  wall  is  formed  by  the 
rroid  cartilage  and  thyro-hyoid  membrane,  covered  by  mucous  membrane ;  its 
ler  wall  by  the  aryteno-epiglottic  fold,  and  slightly  below  by  the  upper  part  of 
J  cricoid  cartilage. 

Vessels  and  Nerves  of  the  Pharynx. — The  arteries  of  the  j>har)Tix  are  deriviKi  i'nmi — 1, 
iwceuding  pharyngeal ;  2,  the  ascending  palatine  branch  of  facial ;  3,  the  i)08terior  palatine, 
:ii  the  internal  maxillary,  with  a  few  twigs  from  the  dorsali^  linguie,  tonsillar  (of  facial), 
iaii,  and  pterygo-palatine  of  the  internal  maxillary.  The  veins  go  to  the  pharyngeal  venous 
xufi,  which  is  found  between  the  constrictors  anft  the  bucco-pharyngeal  a])oneurosis.  The 
xiis  communiciiteii  with  the  pterygoid  })lexurt  above  and  with  the  internal  jugular  or  facial 
u  below. 

Tlie  lymphatics  of  the  pharynx  pass  chiefly  to  the  u]>per  set  of  deep  cervical  glands.  Those 
III  the  upper  part  of  the  posterior  wall  join  a  few  post-pharyngeal  glands  whic?h  are  ft)und  on 
h  side  between  the  pharynx  and  the  rectus  anticus  major  muscle.  These  latter  glands,  which 
large  in  the  child,  small  in  the  adult,  but  api>arently  always  present  (Fig.  733),  are  of  con- 
erabie  clinical  interest,  as  they  often  form  the  starting-iH)int  of  jx)st-pharyngeal  alwcess. 
The  nerves  of  the  pharynx,  both  motor  and  sensory,  are  derived  chiefly  from  the  pharyngeal 
XUH,  which  is  formed  by  branches  of  the  va^s,  glosso-pharyngeal,  and  symi>athetic.  The 
t  palate  and  the  neighbourhood  of  the  tonsil  are  supplied  by  the  |K)sterior  and  external 
atme  branches  of  MecTkel's  ganglion.  The  tonsil  receives  a  brjmch  from  the  glosso-pharyngeal 
ect.  The  vault  of  the  i)harynx,  and  the  region  around  the  Eustachian  orifice,  as  well  jus  the 
tice  itiself,  are  supplitnl  by  the  pharyngeal  branch  of  Meckel's  ganglioiL  FinaUy,  the  sui>erior 
yugeal  nerve  supplies  the  mucous  membrane  of  the  Kick  of  the  larynx,  whei'e  it  forms  the 
:«nor  wall  of  the  laryngeal  j)ortion  of  the  pharynx. 

Structure  of  the  Pharyngeal  Wall. — The  pharyngeal  wall  is  made  up  of 
5  following  layers : — (1)  The  thick  mucous  membrane,  which  is  plentifully  supplied 
ih  raceihose  mucous  glands  and  lymphoid  tissue,  and  is  lined  by  stratified  squamous 
thelium,  except  in  the  iiaso-pharyiix,  where  the  epithelium  is  columnar  and  ciliated. 

Outside  the  mucous  membrane  lies  a  layer  of  firm  connective  tissue,  the  pharyngeal 
iueurosis,  which  is  closely  associated  with  the  muscles,  and  receives  the  insertions  of 
.ny  of  their  fibres.  This  layer  blends  with  the  periosteum  of  the  base  of  the  skull 
>eriorly,  and  is  united  to  the  Eustachian  tube,  the  margins  of  the  posterior  nares,  and 
;  other  fixed  points  to  which  the  pharynx  is  connected  anteriorly.  It  is  thickest  above, 
the  sinuses  of  Morgagni,  where  the  muscular  coat  is  wanting,  and  where  it  forms  the 
ef  constituent  of  the  pharyngeal  wall.  Below,  it  gradually  grows  thinner  as  the  lower 
I  of  the  pharynx  is  approached.  (3)  External  to  the  pharyngeal  aponeurosis  lies  the 
scular  coat,  formed  of  the  three  constrictors  with  the  stylo-  and  palato-pharyngeus. 
e  muscular  coat  is  covered  externally  by  (4)  the  bucco-pharyngeal  fascia,  a  thin  and,  in 
ces,  ill-defined  layer  of  fascia  which  surrounds  the  constrictors  of  the  pharynx,  and  passes 
ward  above  to  cover  the  outer  surface  of  the  buccinator.  It  is  connected  behind  to  the  pre- 
tebral  fascia  by  loose  connective  tissue  (the  retro-pharyngeid  space),  and  it  is  similarly 
Luected  by  areolar  tissue  to  the  other  structures  with  which  the  pharynx  comes  in  contact. 

The  racemose  glands  of  the  mucous  membrane,  which  are  of  the  mucous  type,  are 
•y  numerous  in  the  walls  of  the  naso-pharynx  and  in  the  soft  palate,  where  they  form 
hick  continuous  layer.  They  are  also  numerous  about  the  aryteno-epiglottic  folds  and 
the  back  of  the  arytenoid  muscles  in  the  laryngeal  portion  of  the  pharynx.  Over  the 
t  of  this  cavity,  though  numerous,  they  are  not  so  thickly  placed  as  in  the  regions  just 
utioned.  The  lymphoid  tissue,  either  in  a  diffuse  form  or  collected  into  lymphoid 
licles,  is  found  throughout  the  whole  of  the  mucous  membrana  As  already  pointed 
t,  it  is  particularly  abundant  on  the  upper  portion  of  the  posterior  wall  of  the  naso- 
arynx,  where  it  forms  the  pharyngeal  tonsil. 

The  pharyngeal  aponeurosis,  which  is  thick  above  and  thin  below,  and  the  bucco- 
aryngeal  fascia,  which  is  thin  above  and  stouter  below,  arc  practically  blended  into  one 
rer  above,  near  the  base  of  the  skull,  where  the  muscular  coat  is  absent.  Lower 
wn  they  are  separated  by  the  constrictors,  and  become  two  distinct  sheets.  They 
?  strengthened  in  the  middle  line  posteriorly  by  a  fibrous  band  descending  from  the 
aryngeal  tubercle. 

Development  of  the  Phahynx  and  Tonsil. 

For  the  development  of  the  pharynx  from  the  anterior  portion  of  the  foregut,  and  the 
-mation  and  fate  of  the  visceral  arches  and  clefts  which  arc  found  in  its  wall,  the  reader 
referred  to  the  chapter  on  General  Embryology,  p.  .34. 
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The  anterior  palatine  arcli  is  derived  from  the  second  visceral  arch,  behind  whici 
the  embryo,  lies  the  pharyngeal  portion  of  the  second  visceral  cleft.  This  cleft  is  cro 
by  the  palate  in  its  growth  backwards  ;  the  part  above  the  })alate  is  represented  in  the  a 
by  the  lateral  recess  of  the  pharynx  and  the  part  below  it  by  the  sinus  tonsillaris.  F 
the  lower  and  greater  part  of  the  sinus  tonsillaris  the  tonsil  is  developed  ;  the  upper 
of  the  sinus  persists,  however,  as  the  supratonsillar  fossa.  The  tonsil  at  first  is  a  siik 
depression  of  the  nnicous  membrane.  Al)OUt  the  fourth  month  of  foetal  life  downgn*^ 
of  the  epithelium  take  place,  which  are  afterwards  converted  into  the  tonsillar  m 
Subsequently  lymphoid  cells  accumulate  around  the  downgrowths  and  form  the  lympl 
tissue,  which  constitutes  the  mass  of  the  organ. 

The  upi)er  and  anterior  part  of  the  naso-pharynx  is  derived  from  the  stomaUide 
the  remainder  of  the  cavity  from  the  foregut. 


THE  CESOPHAGUS. 
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The  oesophagus  or  gullet  is  the  portion  of  the  digestive  canal  which  interve 
l)etween  the  pharynx  above  and  the  stomach  below.     With  the  exception  of 

pylorus,  it  is  the  narrowest,  and  at  the  .sa 
time  one  of  the  most  muscular  parts  of 
whole  alimentary  tube. 

It  extends  from  the  termination  of 
pharynx,  at  the  lower  border  of  the  eric 
cartilage  and  opposite  the  sixth  cer^*: 
vertebra,  to  the  cardiac  orifice  of  the  stonu 
opi)osite  the  eleventh  dorsal  vertebra, 
tween  these  two  points  it  traverses  the  lo 
part  of  the  neck,  the  whole  length  of 
thorax,  and,  having  pierced  the  diaphra: 
it  enters  the  abdomen,  and  immedial 
afterwards  joins  the  stomach.  In  1 
course  it  does  not  adhere  to  the  me 
plane  of  the  body,  but  twice  leaves  it, ; 
curves  to  the  left.  The  first  of  these  cm 
tures  corresponds  to  the  lower  part  of 
neck  and  the  upper  part  of  the  thorax,  wl 
the  oesophagus  projects  beyond  the 
margin  of  the  trachea  to  the  extent  c 
or  \  inch  (4  to  6  mm.).  It  returns  to 
middle  line  about  the  level  of  the  ao 
arch.  Lower  down,  behind  the  pericardii 
it  again  passes  to  the  left,  and  at  the  ss 
time  forwards,  in  order  to  reach  the  a 
phageal  opening  in  the  diaphragm  (wl 
is  placed  in  front  and  to  the  left  of 
aortic  opening),  and  it  maintains  this  dii 
tion  until  the  stomach  is  reached. 

In  addition  to  the  curvatures  just  ^ 
scribed,  it  is  also  curved  in  the  ante 
posterior  direction,  in  correspondence  w 
the  form  of  the  vertebral  column  u} 
which  it,  in  great  part,  lies. 

In  length  it  usually  measures  aliout  t 
inches  (25  cm.). 

Its  breadth,  where  the  tube  is  wid( 
varies  l)etween  half  an  inch  (13  mm.)  in  t 
empty  contracted  condition  and  an  inch  or  more  (25  to  30  mm.)  in  the  fu 
distended  state. 

When  seen  in  sections  of  the  frozen  Inxiy  (Fig.  735),  the  OE'Sophagus  usua 
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her  as  a  flattened  tube  with  a 
slit-like  cavity,  or  as  an  oval  or 
ual  with  a  more  or  less  stellate 
'he    former    condition    is    more 

the  neck,  owing  to  the  pressure 
lea,  and  the  latter  in  the  thorax, 
exposed  in  the  ordinary  post- 
imination  soon  after  death,  it  has 
appearance  of  a  solid  muscular 
[  than  of  a  hollow  tube. 
)phagus  presents  two  distinct  con- 
me  situated  at  its  beginning,  the 
3  point  where  it  is  crossed  by  the 
I  us.  Both  constrictions  are  of 
ze,  and  will  admit  without  injury 
ent  with  a  maximum  diameter  of 

mm.).    At  each  of  these  points 
flattened  from  before  backwards. 

hagus  varies  in  lengtli  in  diflTerent  in- 
»m  8  to  14  inches  (20  to  35  mm.).  The 
a  the  upper  incisors  to  the  beginning 
agus  averages  about  6  inches  (15  cm.), 
ife  the  cervical  portion  is  said,  under 
;umstances,  to  be  closed  and  flattened 
backwards  by  outside  pressure,  whilst 
portion  may  be  open  owing  to  the 
Ksure  in  the  thorax.  The  passage  into 
is  also  said  to  be  open  (Mickulicz),  but 
fuL 

,t  the  two  constrictions,  when  the  tube  is 
ed,  is  23  mm.  transversely,  and  17  mm. 
riorly.  The  other  parts  vary  in 
v^een  26  and  30  mm.  (Jonnesco). 
3t  curvature  to  the  left  the  divergence 
opposite  the  third  doisal  vertebra, 
nchnation  to  this  side  begins  about  the 
il  vertebra,  and  continues  to  the  end  of 
us,  being  considerably  increased  as  the 
)  approached 

»ns    of   the    CElsophagus.  —  The 
Fig.  735)  differ  so  widely  in  the 
horax  that  they  must  be  described 
for  each  of  these  regions. 
neck. — In  front  lies  the  trachea 

posterior    membranous   wall    of 

oesophagus  is  loosely  connected 
tissue — and  in  the  groove  at  each 
en  the  two,  the  recurrent  laryngeal 
nds  to  the  larynx  (Fig.  735,  A). 
5  the  vertebral  column  and  the 
li  muscles,  from  which   the  oeso- 

separated  by  the  prevertebral 
le  cervical  fascia.     At   the  sides 

the  carotid  sheaths  with  their 
vessels,  and  the  lateral  lobes  of 
d  body.  Owing  to  the  deviation 
e  to  the  left  in  the  lower  part  of 
its  relation  to  the  carotid  sheath 
id  body  is  much  more  intimate  on 
)n  the  right  side. 

thorax. — The  oesoph^^s  passes 
y  through  the  superior  and  pos- 


Fig.  A  is  at  level 
of  the  upper 
part  Ist  clorsal 
vertebra,  and 
Hhows  the  chief 
A  relations  of  the 
oesophaf^us  iu 
the  neck  and 
also   its   diver- 

{[ence  to  thft 
eft. 


1*^  DORSAL  V. 


Fig.  B,  at  the  3rd 
dorsal  verte- 
B  bra,  shows  the 
thoracic  duct 
lying  on  lea 
side  of  the  (Kmo- 
phagus. 


a*:^  DORSAL  V 


In  Fig.  C,  at  th.? 
level  of  the  5th 
dorsal  vertebra, 
the  left  bron- 
chos is  seen  in 
relation  to  the 
front  of  the 
a'Sopha^UH. 


Fig.  D  is  at  level 
of  8th  dorsal 
vertebra,  and 
shows  the  itcri- 
cardium  lying 
on  ftt)ntofreHO- 
phagiui. 


Fig.  B,  at  t>th 
dorsal  vertebrs, 
shows  the  Ofso- 
phagus  inclin- 
ing to  the  left 
just  before 
piercing  the 
iliaphragu). 


9'r  DORSAL  V. 


Fig.  785. — Tracinos  from  Frozen  Sections  to 
SHOW  THB  Relations  of  the  (Esophagus 
at  the  levels  of  the  Ist,  3rd,  5tb,  8th,  and 
9th  dorsal  vertebrae  respectively. 

A,  Aorta ;  C,  Common  carotid  artery ;  D,  Diaphragm  ; 
L.B,  Left  bronchus  ;  L.C,  Left  subclavian  artery  ; 
L.K,  Left  recurrent  nerve;  L.V,  Left  vagus;  Ok, 
(Esophagus;  P,  Pleura;  Pc,  Pericardium;  R.B, 
Right  bronchus;  R.R,  Right  recurrent  nerve; 
R.V,  Right  vagus;  T,  Trachea;  T.D,  Thoracic 
duct ;  V.A,  Vena  azygos  mi^or. 
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terior  luediastina,  in  the  former  lying  close  to  the  vertebral  column,  but  in  ilie 
Litter  ailvaiiciiig  aomewliat  into  the  tlioracic  cavity  and  coming  into  conUct  with 
the  biick  of  the  pericardium.  The  trachea  still  lies  in  front  as  far  as  itH  bifurcation. 
Immediately  below  this  the  tcsopliagus  is  crossed  by  tlie  left  bronchus  (Fig.  73o,  C  , 
and  in  the  rest  of  its  thoracic  course  it  lies  in  the  closest  relation  to  the  back  of  tht^ 
pericardium.  Behind,  it  rests  on  tht^  longus  colli  muscle  and  the  vertebral  column 
in  the  upper  part  of  the  thorax  ;  but  below  the  bifurcation  of  the  trachea,  as  already 
explained,  it  advances  into  the  cavity  of  the  posterior  mediastinum,  and  is  soon 
separated  from  the  spine  by  the  vena  azygos  major,  the  thoracic  duct,  the  upper  six 
aortic  intercostal  arteries  of  the  left  side,  and  in  its  lower  part  by  the  aorta  as  well 

On  its  left  side  lie  the  thoracic  duct,  the  pleura,  and  the  left  subcla^"ian  artery 
in  the  upper  part  of  the  thorax ;  the  aorta  in  the  middle  region,  and  lower  down 
the  pleura  again,  for  a  little  w^ay,  before  the  oesophagus  pierces  the  diaphragm.  On 
the  riyht  side  the  tube  comes  into  relation  with  the  arch  of  the  azygos  vein,  whilst 
].)elow  this  the  pleura  clothes  it. 

The  two  pneumogastric  nerves,  after  forming  the  posterior  pulmonary  plexuses 
behind  the  roots  of  the  lungs,  descend  to  the  a3Sophagus,  where  they  form,  by  unit- 
ing \vith  one  another  and  with  the  branches  of  the  symi>athetic,  the  plexns  gnlc  or 
oesophageal  plexus.  Ix)\ver  down  the  left  nerve  winds  round  to  the  front,  whilst  Llie 
right  turns  to  the  back,  and  in  this  relation  they  pass  with  the  tube  through  the 
diaphragm  to  reach  the  stomacli. 

Relation  of  the  Aorta  to  the  (Esophagus.—  The  arcli  of  tlie  aorta,  pacing  back  to  ivaili 
the  verlebial  cuhiiiiTi,  Ui-s  in  rcliition  to  the  left  side  of  the  oesophagus;  coiiseqiioutly  ihr 
iU'sceiidiiig  lliuracic  aorta  lies  at  liiijt  to  its  L-ft ;  lower  down,  liowever,  as  the  aorta  passes  on  lo 
the  front  of  the  vertebral  cohinm,  and  the  <,nillet  incHnes  forwaixls  and  to  the  left,  the  cusophagus 
fonie.s  to  He  at  tii-st  in  fnmt,  and  then,  as  the  diaphragm  is  aj)pi'oached,  it  lies  not  only  in  frt-ui, 
but  also  somewhat  to  the  left  of  the  artery  (Figs.  734  and  735). 

Relation  of  the  Thoracic  Duct  to  the  (Esophagus. — The  thoracic  duct^  lying  to  the  rij:lit 
of  the  aorta  below,  is  not  directly  related  to  the  oDsophagus  (Fig.  735,  E) ;  but  liigher  uy 
(Fig.  735,  D  and  K)  it  lies  behind  it^  About  the  level  of  the  aortic  arch  the  duct  ].tasse5  to  the  left, 
iUKl  above  this  (Fig.  73.*),  13  and  A)  will  be  found  resting  against  the  left  side  of  the  aisoiiliagu.N 
which  it  accompanies  into  tht;  neck. 

Relation  of  the  Pleural  Sacs  to  the  (Esophagus.— Above  the  level  of  the  aortic  ar<:h  an'i 
tlie  arch  of  the  vena  azygos  major,  lx»tween  which  tlie  tube  descends,  the  pleura*,  though  not  Ijiuj: 
in  immediate  cuntact  with  the  a'.<ophagus,  are  se|)ai'at4Hl  fix^m  it  only  by  a  little  connective  ti^-ui-, 
and  on  tlie  left  sside  ali-o,  beliin<l  tln^  sulutlavian  artery,  by  the  thoracic  duct  (Fig.  735,  B).  Heiv, 
iu  thin  iKAlies,  the  pleura  is  very  clase  to  the  (esophagus,  and  the  thoracic  duct,  lying  ou  itd  Itfi 
.>iile,  may  uccAsionally  be  seen  throuL'h  the  ])leurdl  membrane.  Below  the  arch  of  the  azy^^is 
vein  the  phura  clotlies  the  right  side  of  the  ccsouhagus — and  very  often  even  a  consideraUf 
jiorlion  of  its  posterior  surface  too,  thus  forming  a  aee])  recess  behind  it — almost  as  low  dowu  as 
the,  opening  in  the  diajdimgm.  On  the  left  side,  below  the  level  of  the  aortic  arch,  the  jileura 
comes  in  contact  with  the  gullet,  only  for  a  short  distance,  just  abt>ve  the  diaphragm  (Fig.  735,  Ey 

Divisions.  B(»th  a  diai)hragmatie  (.lonnesco)  and  an  abdominal  part  of  the  ccsopuagiui  ar^ 
•  Inscribed.  The  diaphrskgmatic  portion,  said  to  be  about  half  an  inch  in  length  (1  to  1*5  chl\ 
e«>rresponds  to  the  portion  of  the  tube  which  lies  in  the  a\sophageal  orilice  (or  canal)  of  iliv 
diaphragm.  The  plane  of  this  oritice  is  verv  oblique  or  almost  vertical,  and  iU  abdominal 
optaiing  looks  forwaixls  and  to  the  left,  and  but  little  downwaitls.  Above  and  iu  front,  where  ilia 
bounded  either  by  the  ]>osterior  eilge  of  the  central  tendon  or  by  a  few  decussating  fibres  of  tbi* 
muscular  portion  of  the  tliai)hragm,  which  meet  behind  the  tendon,  the  a»o2)hagoal  orifice  lub 
piticticiilly  no  length,  and  t'onse<piently  the  cesophagus  here  i)asses  into  the  abdominal  i«vity 
immediately  after  leaving  the  thorax.  At  the  si<lej4  and  behind,  on  the  other  hand,  the  decu^- 
siU ing  bands  from  the  two  crui*a,  which  embi-ace  tiie  orifice*,  are  so  ari-angwl  that  they  turn  a  flat 
surface  (not  an  edge)  tiAvanls  the  opening,  and  thiu*,  posteriorly  and  lateiully,  the  onfice  or  canal 
is  of  s<.)me  leiigtli ;  and  on  these  asjK'Cts  thei-e  is  a  portion  of  the  tube  in  contact  with  the 
diaphragui  for  a  distance  of  1  to  li  cm.  But  this  contact  takes  jdace  not  around  a  horizontal 
line,  but  in  a  v«iry  ol^litpie  i>lane  corresponding  to  that  of  the  orifice.  On  the  whole,  it  is  i>erba|K 
more  satisfacluiy  not  to  describe  a  se|>arcite  diaphragmatic  i>ortion,  but  to  say  that  tlie  oesophagus 
l)ierces  the  diaphragm  very  obliquely,  and  that  at  the  side^  and  behind  it  is  in  contact  with  the 
walls  of  the  orifice  for  a  distance  of  half  an  inch  or  moi-e. 

The  a\-j<jphagus,  in  pissing  through  tin*  orifice,  is  connected  to  its  boundaries  by  a  considerable 
amount  of  strong  connective  ti>sue,  but  it  is  i-xtremely  difficult,  or  inij>os8ible,  to  tfemonstrate  any 
ilirect  naked-eye  <:onuexion  between  the  oesophageal  muscular  fibres  and  those  of  the  diaphragm. 

The  anterior  or  right  Injundary  of  the  cusophtigeal  orifice,  formed  of  fibres  derived  from  birth 
crura  of  the  diaphragm,  is  strongly  developed  and  pixjminent,  and  usually  lies  in  the  asopbagi'al 
griKive,  on  the  back  of  the  left  lobe  of  the  liver,  which  groove  is  mrely  due  to  the  pivssuie  of  tbe 
iesoi)haguri  alone. 

The  abdominal  portion  of  the  iuso2>hagus  is  very  short,  for  immediately  after  piercing  tht* 
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onlt.T  to  allow  of  the  expansion  of  the  tube  during  swallowing.     It  oonnects  the  mucous 

niomhrane  loosely  to  the  muscular  coat,  and  admits  of  the  former  being  thrown  into  foM> 

when  empty.  In  this  coat  are  contaiiitHi  tlio 
numerous  racemose  mucous  glands  which 
open  into  the  cavity  of  the  oesophagus  (Fi;^ 
738). 

The  mucous  membrane  is  of  a  gTeyi>h 
pink  colour,  much  paler  than  that  of  the 
])harynx,  and  of  a  firm  and  resistant  texture. 
It  is  covered  by  a  thick  stratified,  squanioua 
epithelium,  on  the  surface  of  which  the  open- 
ings of  numerous  glands  are  found.  Belov, 
its  junction  witli  the  gastric  mucous  mem- 
brane is  indicated  by  a  distinct,  irregularly 
dentated  or  crenat^d  line,  which  runs  trans- 
versely round  the  tube.  In  carefully  preserrel 
si>ecimens  the  smooth  mucous  membrane  of 
the  oesophagus  above  this  line  C0QtFa.sta 
strongly  with  the  mammillated  gastric  mucoiu 
membrane  below. 

Owing  to  the  inelasticity  of  this  coat,  and 
tlie  fact  that  it  is  •  but  loosely  connected  to 
the  muscular  coat  by  the  submuoosa,  it  is 
thrown  into  a  series  of  longitudinal  folds  vheu 
the  oesophagus  is  empty  and  contracted  ;  hence 
the  stellate  lumen  often  seen  in  sectious  of 
the  gullet. 

Glands.  —  Numerous  racemose  mucous 
glands,  large  enough  to  be  distinctly  seen  vith 
the  naked  eye,  arc  found  in  the  submucosa. 
They  are  pretty  evenly  distributed  over  tbt 

whole  tube,  and  do  not  appear  to  be  more  numerous  towards  either  end  (Coffey).     In 

addition  to  these,  other   glands,  resembling 

closely  those  of  the  canliac  end  of  the  stomach, 

are    found    in    the    mucous    membrane    of 

(rcrtain  portions  of  the  oesophagus.     They  are 

entirely  confined  to  the  mucosa,  and  do  not 

extend  beyond  the  muscularis  muoosaj.  These 

glands  are   specially  numerous  at  both  the 

upper  and   lower  ends  of   the  tube  (Cof!ey, 

Schiifer). 

Vessels  and  Nerves.  Its  arteries  oonsiHt  of 
immerous  small  branches  derivetl,  in  the  nock, 
from  tlio  iuforior  thyroid,  in  the  thorax,  fi-om 
the  hmiic.liial  arteries  and  thoracic  aorta,  and  in 
the.  al)clomen,  fixjm  the  comnary  artery  of  the 
stomach,  and  also  from  the  left  plirenic 

The  veins  form  a  plexus  on  the  exterior  of  the 
cesophagus,  from  which  branches  pass,  in  the 
lower  i)art  of  the  tulx',  to  the  coronary  vein  of 
tlie  stomach,  and,  higher  up,  to  the  azygos,  and 
tliyroi<i  veins.  There  is  thus  estahlishecl  on  the 
lower  part  of  the  ces^jphagiis  a  free  communica- 
tion iKdweeu  the  portal  and  systemic  veina 

The  lymphatics  pass  to  the  inferior  set  of  deep 
cervical  glands  in  the  neck,  and  to  the  posterior 
niKliastinal  glands,  many  of  which,  of  large  size, 
are  seen  amunil  llie  tul.>e,  in  the  thorax. 

The  nerves  are  derived  from   the  ivcurrc^nt 


I.(Mi;;itii«lina1  Uiiu 

Fn;.  737. — The  Lower  Paut  »)K  thk  Pharynx 

AND  THE  UrrtR  PART  OK  THE  (ES4H»HA<:rs 

have  biM^n  slit  up  from  behind,  and  tht;  mucous 
ineml»raue  removed  to  show  tlie  muscular  libres. 
The  two  longitudinal  hands  art!  seen  roming 
round  to  the  front  to  be  attached  by  a  common 
tendon  to  the  upper  border  of  the  cricoid  car- 
tilajje.     Sec  explanation  of  last  figure. 


StimtilM 
epfth«]iiiR 


Aivohr  ciui 


Fw,  738.— Stbuctukb  ov  the  iEsopiuors. 
transven^e  sectiou  (after  Horsley). 


larvnigeal,  and  fmm  the  cervical  sympathetic  in 

the  neck,  from  the  pueumogastrics  and  symjMithetic  in  the  thorax. 

Dkvelopmknt  of  the  (Esophagus. 

The  (Ksopha^us  is   developed  from   the  foregut   lying  between  the  phoxyux  uui  the 
dilatation  which  represents  the  future  stomach.     At  first,  owing  to  the  flexure  of  the,hc*i 
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the  tbrination  of  the  lateral,  posterior,  and,  to  a  less  extent,  of  the  anterior  WiilU ; 
and  almost  as  much  of  the  cavity  of  the  abdomen  as  of  the  thorax  lies  umlrr 
shelter  of  the  ribs. 

Owing  to  the  fact  that  the  boundaries  of  the  abdomen  are  formed  chicHy  «.t 
muscles,  it  follows  that  its  walls  are  capable  of  contraction  to  a  very  consideraM- 
extent,  and  the  size  of  the  cavity  am  consequently  be  altercd  in  all  directions.  It^ 
chief  changes  in  form  are  due  to  the  descent  or  elevation  of  the  diaphragm,  ihr 
contraction  or  relaxation  of  the  anterior  and  lateral  walls,  and  the  raisiDg  ur 
lowering  of  the  pelvic  Uoor. 

Within  the  muscles  forming  its  walls,  the  alxlomen  is  lined  by  an  enveio{»e  of 


i)tftphT9gm 


Attactimerii  df 
fulcifurm  H^ineiil 


Ri},'lit  loU;  of  liver 


(rall-biaddrT- 


Ascending  ctjlui: 


Ant<*rior  stipurifs 


Ciccitiu 


'OiitUne  -n  iiv-T 


Stotbtteh 


■Gr«tt  oiii»-iitiiiD  (c:) 

with  jc-jiiniin: 
tjpu^th  it 

TVt^t^  of  tniRM^  r-ry^ 


Ini^nul  oh]i({L> 


PuTt.  of  iliac  ri'loi. 


Sitamll  iiiUn»liii- 


SCALE  IN  INCHES  SCALE  IN  CENTIMETRES 

Fi<;.   73y. — TiiK  Abdominal  Visceua  ix  sirr,  as  seen  when  the  alxlomen  is  laid  open  ami  the  great  onitfiitiiBi 
riTiiovod  (<hM\vii  to  .s<;ak'  from  a  photograph  of  a  male  ImxIv  aged  ^6,  hardened  by  formalin  injectioos). 

The  rili'i  on  tht^  riiilit  side  are  iiulicatetl  ])y  Roman  numerals :  it  will  Ini  observed  that  the  eighth  costal  rartilsj:'; 
artiriil:ited  willi  the  st«'rnum  on  botli  si<les.  The  »ubi:ostal,  intertnl)erculnr,  and  right  and  left  Puuj-aT 
hiii.>  are  «lra\vn  in  blai'k,  and  tlie  mesial  plane  is  indicated  by  a  dotted  line.  The  iuterooMal  uiuscloau:! 
I';iri  ot  the  di:iphru>,'m  have  been  removed,  tu  show  the  liver  and  stomach  extending  up  liene-ath  ihf  rih?. 
The  -t.iinach  is  mo.leral«'ly  distended,  and  the  intestines  are  particularly  regular  in  their  orrangenuLT. 

fascia,  which  sejjarate  the  muscles  from  the  extraperitoneal  connective  tissue  anJ 
peritonoum.  This  aponeurotic  layer  is  distinguished  in  different  localitias  as:— 
;'I;  the  tnfnsn'rsdUs  fasrui  on  the  anterior  and  lateral  walls,  lining  the  deej' 
surface  of  the  trausversalis  muscle  and  continuems  above  with  the  fascia  clotliini: 
the  under  surface  uf  the  dia]:)hragm ;  (2)  the  iliac  fascia  on  the  |>osterior  wall, 
coverin^r   the?   jjsoas   and   iliacus   muscles:  (3)  the  anterior  layer  of  the  lumbar 
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thf  symjihysis  pubis.  Tn  the  erect  position  it  usually  makes  an  auju'le  of  aUmt  "' 
to  00  (le^'rees  with  the  horizontal.  The  two  portions  of  the  al»doHiinal  caviiy 
which  llie  brim  wtjuirates  meet  at  an  angle,  the  abdomen  proper  runninj:  aliu"?: 


GCALE   IN    INCHES 


SCALE  IN  CENTIMETRES 


Fi.. 


riO.  -  'I'mk  KnoNT  «»K  THE  HnDY.  yliowiiiij  thf  {4ulKlivi.si(»n.s  of  the  altdoiuiiml  cavity  :iu<l  iW  |»os.tii'i. 
tlie  oliii  r  vis«-iM;i.  (Krt)iii  m  i»hnti'jrr:i|ili  of  tin*  hoily  repn!Sfiitc<l  in  the  precetliujrfimirv.j  The  v.'-.rr-  ■ 
Kit:.  7''ii^  li.ivt-  '"mmi  traci'il  in  ml  on  this  fijiuiv.  'V\w  pliotograjih.s  for  these  twn  li^ruiv.s  aini  Inr  Ki_'.  7:- 
\v«'H-  taki'U  tVoiu  till-  saini*  l"niy.  uinKr  jHrcisely  similar  0(>n<litions  ;  (.■onst-queutly  the  n'l:iti<ni^  -■!  '•. 
•  In-juT  part-;  to  thi'  surface  aiv  t.-onvi-tly  uhtaine«l  by  supenniposinj;  thi*  i>iotinvs  a>  in  t)ii>  iHi»?i  ':■ '■ 
Till-  li\«i'  wcrupi'-s  a  .sli^'htly  h>w«'r  imsition  than  unuuI. 

viTtically  upwards  from   it,  w^hiL^t  the  ])elvic  cavity  slopes  backwanls  and  sliirl.ri} 
do  wu  wards. 

Tiio  pelvic  cavity  is  ln>uu<kMi  in  front  and  at  tlie  sides  by  the  portions  ni  xhv  :': 
tUMiiiuato  bones  brlow  the  level  of  the  iliopectineal  line.  These  l»ony  walls  are  pirri;« 
»l«»ihed,  in  fnnit  and  laterally,  by  the  obturator  internus  muscles,  aud  internal  x**  tlj^v 
l»y  the  ]>arietal  jK)rti»»n  rjf  the  pelvic  fascia,  as  low  down  as  the  white  line.     The  iHi-sttr;"!- 
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THE  PEJtITONEUM. 

TliL*  mran-euiciit  of  the  perilonuuui  is  so  complicatod,  ami  its  relations  In  ih- 
ii.lul.)iiiiii;il  c-uiiiurits  80  iutriijato  ami  detailed,  that  it  will  be  exixKlient  to  iK-istj-fme 
its  coiiij.lele  descrii)ti(ni  until  the  various  organs,  with  their  si)ecial  litTil^'iniil 
irlations,  have  becu  separately  considered.  Nevertheless,  it  will  be  necessjiry  in 
t^nvt^  ]h'iY  a  -^'cneral  account  of  the  disposition  of  the  menibraue,  and  to  refer  :< 
tht!  three  varieties  of  folds  which  it  forms  in  passing  from  orgau  to  organ,  or  fr«'iii 
Mu'se  to  tlur  nbdoniinal  wall. 

The  peritoneum  (tunica  serosa)  is  the  st^rous  sac  which  lines  the  alxlouiiuiil 
cavity  and  invests  most  of  the  abdominal  viscera,  to  a  greater  or  less  degree.  Lik- 
the  pleurje,  tlie  tunica  vaginalis  of  the  testicle,  and  other  serous  sacs,  its  walls  ai^ 
coiupo^^cd  of  a  thin  layer  of  fibrous  tissue,  containing  numerous  elastic  fibres,  aiii.! 
(•o\ored  ov(>r  on  the  side  turned  towards  the  cavity  of  the  sac  by  ilatteiin: 
eiidotlnjlial  tells.  Like  them,  too,  the  peritoneum  in  the  male  is  a  completHJy 
ch)st.'d  bag,  but  in  the  female  thi^  is  not  the  case,  for  the  abdominal  end  of  e.ich 
Kalloj»ian  tul)o  opens  into  the  sac,  whilst  the  other  end  of  that  tul)e  commuuicair':< 
with  the  interior  of  the  uterus,  and  thus,  indirectly,  with  the  exterior.  Normally 
the  membrane  s«^cretes  only  sufficient  moisture  to  lubricate  its  surface,  otherwise 
the  sac  is  perfectly  empty,  and  its  opposing  walla  lie  in  contact,  thus  practically 
obliterating  its  eavity. 

The  ns«f  of  these  lubricated  and  highly  polished  serous  linings,  found  in  tlie 

abdomen  and  certain  other  CKivilies. 
is  to  facilitate  the  movements  I't 
the  contained  vLscora  during  aiiy 
changes  in  size  or  form  which  they 
or  their  containing  cavity  may 
undergo.  As  a  result  of  this 
arrangement,  notwithstanding  the 
tonic  pressure  of  the  alKlumiual 
wall  on  its  contents,  the  stomach 
and  intestines  are  free  to  move 
with  the  greatest  ea.se  and  the 
least  degree  of  friction,  when  any 
change  takes  place  either  in  the 
organs  themselves  or  in  thfir 
surroundings. 

The  peritoneum  is  a  thin 
glistening  membrane,  which  may 
aptly  be  com][Mired  to  ot  coat  of 
varnish  applied  to  the  inner  asi>ei:t 
of  the  abdominal  walls,  and  to  the 
surface  of  the  contained  viscera, 
except  where  these  are  directly 
applied  to  the  walls  or  to  one 
another.  It  forms  thrtjughout  its 
entire  extent  a  continuous  and 
distinct  sheet,  but  it  is  unitAi'd  so 
intimately  to  the  viscera,  and 
follows  the  irregularities  of  th»:'ir 
l),^..^.vM.^,ATic  Mk.i.m  SErTK.N<)K  fkmalk  noi,Y,   ^..^Ug  ^  closcly,  that  it  api)ears 

tn  >h..w  till'  iMMitoiieuin  <iri  vt-rtu'iil   tracing'.     Tlie  great  nac       ./.      .       -ix^i  --i 

nf   (l.r    i..-rito:i.Miii    is    l.la.k   and  is   ivproM-ul.Ml  :w  U-ing    ^^   "rst   Sight    tO    be    a    SUpertlCWl 

i.:!i.ii  iiiv'T  tiiMii  ill  iiaiuiv  ;  the  .small  sao  is  very  iiarkiy  layer  of  thcse  walLs,  rather  than 
si,a.i..a  :  :i,..  ,K.ntnneuni  ..,.  .ectio„  is  sh.wn  as  a  white  ^  separate  membrane.      Out.^ide 

liiic  ;  .iiil  :i  whiti'  arrow  is  i»a>se<l  llir(»ut:]i  the  foraineii  of    .,       *       .  ,.  , 

\\insi..u  :,,.m  ih..-  -^im-m  int..  the  small  sac.  ^hc^  pcritoncum    lies    tho   cxtra- 

lx)ritoneal  connective  tissue — al- 
ready de."^cribe<l — which  connects  it  more  or  less  intimately  to  the  fascial  liniiit: 
»»f  the  aiidumiiial  walls  an<l  to  the  abdominal  viscera. 

If  we  tiaee  the  iH'ritoneum  as  a  continuous  layer,  beginning  in  front,  we  linJ 
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however,  to  tlie  stomach  :  (2)  the  lessei^  or  gastro-hepatic  omentum,  which  exten-ir 

from  the  lesser  curvature  ol  thr 
stomach  to  the  liver ;  and  (3^  iht? 
f/astro-s2denico7ne?itum, Vth\c\i  i»a>?*:> 
from  the  stomacli  to  the  spleen. 

(6)  Mesenteries  are  folds  of  i*rri- 
toneum  which  unite  portions  of  tht 
intestine  to  the  posterior  abdumina] 
wall,  and  convey  to  them  iheii 
vessels  and  nerves.  There  an 
several  mesenteries,  ej/.,  the  ///'.^o. 
tery  ^?rt)/?cr,  which  connects  tht 
jejimum  and  ileum  to  the  i>osteriMi 
abdominal  wall,  the  trails rcr^  w^s- 
colon,  the  pelvic  (or  "  supnouV' 
mesocolon,  and  oc<5asionally  others 
(c)  Ligaments  arc  peritoneal  foM 
w^hich  pass  between  abduniiii.i 
viscera  other  than  portions  of  ih- 
digestive  tube,  or  connect  tht^m  i« 
the  abdominal  wall.  As  example 
of  these  may  l)e  mentioned  most  <• 
tlie  ligaments  of  the  liver,  the  ?<» 
called  **  false  ligaments "  of  tli- 
))ladder,  and  the  broad  liganient 
of  the  uterus. 

This  term  is  also  applicil  to  seven 
small  folds  which  connect  portions  v. 
the  intestinal  tube  to  the  ixirictns  bu 
do  not  convey  to  tlicm  their  ve&s*.! 
and  nerves.  Tlie  gastro-plirenie  an- 
phreno-colic  ligaments  are  exaiiij^lcs  «■ 
these. 

THE  STOMACH. 

The  stomach  (ventriculus)  is  th 
large  dilatation  found  on  the  digw 
tive  tube  immediately  aftt^r  it  entei 
the  abdomen  (Figs.  743  and  744 
It  constitutes  a  receptacle  in  whic 
the  food  accunmlates  after  its  pjisj 
age  through  the  oesophagus,  and  i 
it  take  place  some  of  the  earli( 
processes  of  digestion,  resulting  i 
the  conversion  of  the  food  into 
viscid  soup-like  mixture,  known  i 
chyme.  The  chyme  as  it  is  forme 
is  allowed  to  escape  intermittent] 
Fi<:.  74:'..    ^roDnuAThLY  DI8TKNUK0  stmmach,  \ iewcd,  A,    through  the  pylorus,  into  the  sma 

from  Iront  :   R.  from  inner  or  right  si.lr  ;  and  C,  from  intestine,   whcrC   the    digestive  PP 

till'    outer   or   left    side.       (From    iihotographs  of  the  ^^q-,-.q       ci  *■'         A 

stomruh  shown  in  Fi-s.  71^9  an.l  744.    The  contents  of  the  CCSSCS  are  COnimueQ. 

.str>nia.h  were   rarefnlly  remove.l   tliron^'h  an  Jirtilicial  Although thcfomiof  the StOUiaC 

openin.br.  an<i  rephioe.!  with  geiatim'.  the  stomaeh  remain-    varies  Considerably  Under  diffen^i 

ing  ///  sit  a  thrcniihont  the  oi»erati<»n.      After  the.  jellv  ^^     a-*.-  •  i     -^     •         /» 

har.lene.l.  its  exa.t  orientation  Nvn.  carefully  noted,  ami  COudltlOUS,    m    gencml    it    IS    of  ^ 

I»iu^  in-liratin^'  the  v.-rtieal,  horizontal,  anil  tiansverse  irregularly   pyrilorm    shapC,   wilh 

l.lan.'>  having  hei-n  inst-rteil,  the    organ   was   removed  ^yj^Je    ^^  cardiaC   end    directed  bacl 

an.l  photo^aaphed.)  ^^,^^^^^  ^^^^  ^^  ^,^^  ^^^^^  ^^^,  ^  ^^^^ 

pyloric  end  which  runs  to  the  right  to  join  the  duodenum.     In  addition  to  {( 
its  tv'u  fmh,  the  stomach  i)resents  for  examination  the  following  parts:  (7>)  f/' 


(.'an  lift 


ciirvalnp' 
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addition,  that  its  long  axis  lies  in  an  almost  horizontal  plane.  With  distensi'iii 
there  coiues  a  general  enlargement  of  the  various  diameters,  an  elongation  of  the 
whole  organ,  with  a  consequent  passage  of  its  pyloric  portion  to  the  right  beneath 
the  liver,  the  development  of  the  antrum  pylori,  and  an  inclination  of  its  axis  from 
behind  downwards  and  forwards,  without  any  rotation. 

Natural  Form  of  the  StomaclL — As  mtvu  in  malo  Itodios  the  viscera  of  which  Lave  Viet-n 
hardened  by  the  intravascular  injection  of  forniaUn,  the  empty  stomachy  &»  already  stated,  j»K'si*-nt.'. 
an  atR'nuated  or  slender  pear-shaped  appearance,  and  is  sharply  bent  on  itself,  particularly  at 
the  junction  of  the  cardiac  and  pvloric  portions.  As  a  rule  it  is  somewhat  flattened  from  aU»v»' 
downwaitls  in  its  caixliac  portion,  but  pniservea  in  its  whole  length,  more  or  less,  an  irreffularly 
rounded  or  cylindrical  form.  It«  long  axis  is  directed,  in  the  cardiac  portion,  from  Dehiirl 
forwards  and  to  the  right  with  a  slight  inclination  doimwards ;  then  it  Ijends  almost  at  a  right 
angle,  and  in  the  pyloric  j)ortion  runs  to  the  right  towards  the  pylorus. 

Even  in  the  enij)ty  condition,  the  cardiac  portion  retains,  as  a  rule,  an  appearance  of 
rotundity,  and  never  assumes  a  completely  collapsed  and  flattened  form  ;  although  it  sometinits 
is  vt^ry  much  contracted,  and  approaches  the  tubular  form  of  the  pyloric  portion. 

The  collapsed,  Hat-walled,  and  flaccid  bag,  often  pictured  as  the  empty  stomach,  doe?  doi 
rej>resent  its  true  condition  during  life,  but  is  rather  the  result  of  post-mortem  softening,  re- 
laxation, and  pressure.  The  stomach,  like  the  bladder,  and  like  other  hollow  viscera  witL 
muscular  walls,  is  not  an  inert  bag,  but  an  extensile  living  oi^n  capable  of  exjiansion  and 
contraction,  which  adapts  the  size  ol  its  cavity  to  the  amount  of  its  contents.  When  food  entcis. 
it  expands,  the  expansion  being  proportionate  to  the  amoimt  of  food  that  enters  ;  and  when  the 
food  passes  away  or  is  al)8orbed,  it  contracts,  until  its  cavity  is  reduced  to  little  more  than  a 
stellate  lumen. 

In  the  gradual  passage  of  the  stomach  from  the  empty  to  the  distended  condition  we  niay 
rcMrognist^  three  stages.  First  stage, — ^This  commences  with  an  enlargement  of  the  fundus,  and  is 
followed  bv  an  expansion  of  the  whole  cardiac  portion,  wldch  passes  upwards  and  also  to  the 
left  towards  the  diaphragm,  displacing  the  coils  of  the  transverse  colon,  which  lie  here  when 
the  stomach  is  enipty.  The  pvloric  portion  for  3  or  4  inches  still  remains  contracted  and 
cylindrical.  In  this  condition  the  stomach  is  frequently  found  after  death.  Seronrf  sfatfe. — A- 
distension  gcn-s  on  the  lesser  curvature  opens  out,  the  pyloric  portion  (with  the  exception  of  it.- 
last  inch)  expands,  but  its  junction  with  the  cardiac  portion  usually  remains  distinct,  until  disten- 
sion is  almost  complete.  Uiird  stage. — A  further  general  expansion  of  the  whole  stomach  take? 
place  ;  the  dianieti'rs  of  both  cardiac  and  pyloric  portions,  as  well  as  the  length  of  the  organ,  art 
increasdl ;  and  the  great  curvature  presses  ibn^'ards  against  the  anterior  abdominal  wall  in  "front, 
where  the  restraining  influence  of  tlie  ribs  is  absent  The  pyloric  end  for  about  1  inch  (25  cm.i 
from  the  pylorus  remains  nari*ow  (constituting  the  pyloric  canal  of  Jonnesco),  but  to  the  left  ol 
this  it  bulges  forward,  forming  the  antrum  pylori,  which  is  most  distinct  at  the  great  cur\*«lurv. 
hy  the  increase  of  the  organ  in  length  the  antrum  is  carried  a  considerable  distance  to  the  right 
beneath  the  liver — even  further  than  the  pylorus  itself — so  that  the  terminal  part  of  the  stomach 
is  In-ut  backwards  and  to  the  left,  in  order  to  reach  the  pylorus,  which  latter  very  rarely  j»a»jee5 
more  than  one  and  a  half  or  two  inches  to  the  right  of  its  normal  j>osition,  namely^  in  the  empt>- 
condition,  within  half-an-inch  (12  mm.)  of  the  middle  line.  Fmallv,  as  it  filUs,  the  stomacli 
becomes  gradually  more  oblique,  so  that  in  the  distended  state  the  long  axis  of  the  i)oslerioi 
two-thinls  of  the  organ  is  directed  forwards,  downwards,  and  to  the  right,  and  forms  an  angle 
of  alwuit  40'  to  45*"  with  both  the  horiz(mtal  and  sagittal  planes  (Fig.  743),  whilst  it*  anterior 
thii-d  is  still  more  oblique. 

TluTi*  is,  however  (as  pointed  out  by  Jonnesco),  no  distinct  rotation  of  the  organ  on  its  long 
axis — ^uo  turning  of  the  great  curvatui'e  more  forwards,  nor  of  the  so-called  anterior  surfiice  nn>n: 
upwards. 

In  the  change  from  the  distended  to  the  empty  state  these  stages  are  reversed;  the  wholi* 
stomach  is  contracted,  or  drawn  in,  from  all  directions  towanis  the  lesser  curvature  ;  this  Litter 
is  bent  up(.>u  iti^elf  to  an  acute  angle,  and  the  long  axis  of  the  organ,  becoming  less  obUque, 
approaches  the  horizontal. 

Although  this  description  of  the  shaj)e  and  direction  of  the  stomach  is  at  variance  with  the 
generally  acxiepted  accounts,  it  is  l>asea  upon  the  examination  of  a  considerable  uumlx-r  of 
specially -hai-dened  botlies,  and  has  been  found  to  api)lv  so  generally,  that  it  is  advanced  here  as 
the  <M>ndition  most  fre<piently  found  in  the  male  immediately  after  death,  and  as,  in  all  probability, 
giving  a  near  approximation  to  the  conditions  present  during  life.  It  mnst,  however,  U- 
a«lmitted  that,  in  the  female,  as  a  result  of  tight  lacing,  the  stomach  is  often  found  to  aaeume 
an  abnormal  vertical  position  ;  but  this  condition  is  associated  with  displacement  of  other 
alKloiiiinal  organs  in  the  neighlx)urhood,  and  caimot  l)e  looked  u|)on  as  normal. 

[In  the  pri;seiit  wlition  it  has  been  thought  right  to  leave  the  above  description  of  the  stomach 
as  it  wa&  originally  written  by  Professor  Birmingham.  Subsequent  investigation  has  served  tu 
show  the  accuracy  of  his  views  in  so  far  as  the  various  stomach  forms  which  he  describes  are  a>n- 
ccrned,  and  the  sliape  which  he  ascril.)es  to  the  empty  cxmdition  of  the  organ,  and  which  he  was 
the  tirst  to  describe  has  been  proved  l>eyond  dispute  to  be  frequently  met  with  in  properly 
pre[)ared  subjects.  The  question,  however,  which  is  being  at  ]»resent  dfiscussed  is  whether  this 
stomach-form,  in  which  the  cardiac  part  forms  a  more  or  less  capacious  sac,  and  the  pyloric  part 
is  tubular  ami  thick-walled,  is  not  rather  to  be  associated  with  a  particular  stage  in  the  disestire 
act.     Fi-om  investigations  on  the  cat  by  means  of  Rontgen  rays.  Cannon  has  shown  that  daring 
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The  upper  (or  parietal)  surface  of  the  stomadi  is  moriB  convex  and  more 
than  thi>  lower.     It  lies,  when  the  organ  is  distended,  in  contact  with  the 
anterior  wall  ot"  the  stomach  chamber,  and  thus  comes  into  relatioa  with  ihi 
surface  of  the  left  IoIjg  of  the  liver  on  the  right,  the  vault  of  the  diaphrat;in  m] 
left^  and  the  anterior  abdominal  wall  in  front  (Fig.  739).     Wheo  the  aioiw 
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Fia.  740*— Thk  Vi&cKitfi  AND  Vp-asEtjn  ufi  tbk  Pi»»r!!iii«jH  A  mucins  al  Wju4» 

Tlift  stonmcTi,  Uver,  aod  most  <3f  the  intestines  Imvo  been  roiwoved.     Tlit  iJtriitoiieum  liiis  Wtr.  tirt--nriil  i 
right  kidney*  mul  aim  thn  foa«v  for  the  SpigeliiUJ  liibv.     la  Ukiu^  out  tiie  liver,  t!  i 

behind*     Thu  stomnub  bed  b  wull  shown,     (From  i^  Liody  haJ^ileiiHi)  tty  diromk^  (u*i>i  / 

empty,  on  the  other  hand,  the  transverse  colon,  aa  just  explained,  double  op 
it,  and  separates  this  surface  from  the  nx»f  of  the  chamber 

The  lower  (or  visceral)  surface,  more  Hattened  than  the  upper,  rt^in  ui^.n 
stomach  bed,  and  cornea  into  relation  with  the  following  partfi  :■ — 
fundus,  with  the  diaphragm  and  gststric  surface  of  the  spleen ;  iti  frtnik  m» 
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Btomach.  It  is  situated  at  the  upper  end  of  the  lesser  curvature,  to  the  right  of  the 
fundus,  and  nearer  the  upper  than  the  lower  surface  of  the  stomach  (Fig.  743,  B . 
The  cardia  is  very  deeply  placed,  and  lies  about  four  inches  behind  the  sternal  en«l 
of  the  seventh  left  costal  cartilage,  at  a  point  one  inch  from  its  junction  with  ihe 
sternum.     Posteriorly  it  corresponds  to  the  level  of  the  eleventh  dorsal  vertebra. 

Owing  to  tlie  fixation  of  the  oesophagus  by  its  passage  through  the  diaphragm,  and  the  clo*^ 
connexion  between  the  stomach  and  the  diaphragm,  near  the  cardia  where  the  peritoneum  b 
al^sent,  this  is  the  most  lixed  part  of  the  w^hole  organ.  The  object  of  this  immobility  is 
evidently  to  maintain  a  clear  passage  for  the  food  entering  the  stomach.  The  orifice  if^  oval 
rather  than  round,  with  its  long  axis  very  oblique ;  and  although  the  presence  of  a  valvular 
arrangement  at  the  caidia  has  been  advocated  by  several  authorities,  it  is  difficult  to  find  satis- 
factory proof  of  its  existence  in  hardened  bodies.  It  seems  more  probable,  on  the  whole,  ihat 
no  such  arrangement  naturally  exists  here.  On  the  other  hand,  the  muscular  mai^n-s  of  the 
a3sophagcal  opening  in  the  diaphragm,  and  the  circular  fibres  of  the  lower  end  of  the  oesophagiLS 
which  are  i)articularly  well  developed,  afford,  by  their  simultaneous  contraction,  an  effective 
means  of  closing  the  oesophagus  immediately  above  the  cardia,  and  thus  of  preventing  regurgita- 
tion of  the  contents  of  the  stomach. 

The  pyloric  orifice  or  pylorus  is  the  aperture  through  which  the  stomach  com- 
municates with  the  duodenum.  It  is  marked  on  the  surface  by  a  slight  constriction, 
most  evident  at  the  curvatures ;  and  in  the  interior  by  a  prominent  thickening  of 
the  wall — the  pyloric  valve  (valvula  pylori) — produced  by  a  special  development  of 
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Fit;.  747.— Iit>N<JiTrDiNAL  Section  through  the  Pyloric  Canal  and  Commenobmknt  of  the 
DroDEXUM  IN  A  New-born  Chiu).     (From  Stiles.) 

the  circular  muscular  fil^res,  known  as  the  pyloric  sphincter  (musculus  sphincter 
pylori).  When  examined  post-mortem  in  the  ordinary  way,  the  aperture,  vieweil 
From  the  duodenal  side,  is  somewhat  oval  in  form,  and  closely  resembles  the  external 
OS  uteri  (Cunningham).  When  seen  from  the  opposite  side,  it  presents  an  irregular 
or  stellate  appearance,  owing  to  the  fact  that  the  rugae  of  the  gastric  mucous 
membrane  are  continued  up  to  the  orifice. 

The  pylorus  rests  on  the  neck  of  the  pancreas  below  and  behind,  and  is  over- 
lapped by  the  liver  above  and  in  front.  Its  average  position  can  be  marked  on  the 
surface  of  the  body  by  the  intersection  of  two  lines;  one  drawn  horizontally  half- 
way between  the  top  of  the  sternum  and  the  pubic  crest  (Addison),  the  other  drawn 
vertically  a  little  way  (i  inch,  12  mm.)  to  the  right  of  the  middle  line. 

During  the  earlier  stages  of  gastric  digestion  the  sphincter  pylori  is  strongly  ocmtrad^'d 
and  the  aperture  firmly  closed,  but  it  opens  intermittently  to  allow  of  the  passage  of  properlT 
digested  portions  of  the  food.  As  digestion  advances  the  sphincter  probably  relaxes  somewlut ; 
but  in  liardene<l  bodies  a  really  patent  pylorus  is  rarely  or  never  fonnd,  which  would  Beem  to 
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piincrcas  is  puslied  downwards  from  the  liorizontiil  until  it  almost  assumes  a  vertical  p(»>iii<.i! 
The  narrowing  and  inversion  of  the  lower  margin  of  the  thoracic  framework  at  the  stTn 
time  constricts  the  stomacli  about  its  middle,  and  often  leads  to  a  bilocular  condition. 

Hour-glass  or  Bilocolar  Stomacli. — This  is  a  condition  of  the  organ,  by  no  nx^aii:'  nn 
in  which  the  stomach  ia  more  or  less  completely  sc'ijarated  into  two  division**— a  canliac  ai. 
a  pylorir — the  normal  arrangement  in  certain  rodents  and  other  animals.  As  a  rule  the  furai- 
division  is  the  larger,  hut  occasionally  the  two  are  nearly  equal,  or  the  j>yloric  iK>rtiou  tia 
I'xceed  the  cardiac  in  size.  Sometimes  the  condition  is  temi>orary,  and  the  result  of  a  viunirui 
contraction  of  the  circular  muscular  fibres  at  the  seat  of  constriction.  In  other  ca*fs  it  is  jm-; 
manent,  and  may  be  due  to  cicatricial  contraction  aft-er  gastric  ulcer,  or  to  some  other  jiatholf>gifi 
condition.  The  condition  is  more  frequent  in  the  female  than  the  male,  and  is  rarely  fdimd  : 
the  foetus  or  child. 


CJlarni  mouths 


Structuke  of  the  Stomach. 

The  stomach  wall  is  composed  of  four  coats — namely,  from  without  inwards:  1 
peritoneal,  (2)  muscular,  (3)  submucous,  and  (4)  mucous  (Fig.  749). 

Peritoneal  or  Serous  Coat  (tunica  serosa). — Th 
coat  is  formed  of  the  peritoneum,  the  relations  < 
which  to  the  stomach  have  already  been  descriUK 
It  is  closely  attached  to  the  subjacent  muscuL-i 
coat,  except  near  the  curvatures,  where  the  coi 
nexion  is  more  lax ;  and  it  confers  on  the  Ktom»o 
its  smooth  and  glistening  appearance. 

Muscular  Coat. — The  muscular  coat,  which  ; 
composed  of  unstriped  muscle,  is  thinnest  in  th 
fundus  and  body,  much  thicker  in  the  pylori 
portion,  and  very  highly  developed  at  the  pyloru: 
It  is  made  up  of  three  hicomplete  layers- -a: 
external  of  longitudinal,  a  middle  of  circular,  and  ii: 
internal  of  oblicjue  muscular  fibres. 

The  external  layer  (stratum  longitudinale)  am 
sists  of  longitudinal  fibres,  continuous  ^ith  thcH»e <.' 
the  oesophagus,  on  the  one  hand,  and  those  of  tlv 
duodenum  on  the  other  (Fig.  750,  A).  They  ar 
most  easily  demonstrated  on  the  lesser  cun*atur€ 
where  they  can  be  traced  down  from  the  right  jfid 
of  the  oesophagus.  Over  the  great  curvature  an< 
on  the  two  surfaces  they  are  jiresent  as  an  extremcl; 
thin  and  irregular  sheet.  Towanls  the  pylorus  th 
longitudinal  fibres  grow  much  thicker,  and  als- 
much  tougher  and  more  closely  united,  but  the; 
do  not  take  any  part  in  the  formation  of  the  pylori 
valve. 

A  rij)ecially-c<^»Tidensed  baud  of  these  can  Ixj  often  made  out  Iwth  on  tlie  front  and  l«ii 
at  the  antrum  ])ylori,  the  form  of  which  is  said  to  he  due  to  their  presence.  Thesi' Ijandd  ar 
known  as  the  ])yloric  ligaments  (ligamenta  pylori). 

The  middle  laytr  (stratum  circulare)  is  composed  mainly  of  circular  fibres,  conlinuou 
with  the  more  superficial  of  the  circular  fibres  at  the  lower  end  of  the  oesophagus  (Fij: 
7 no,  li).  Tiiey  do  not  commence  as  a  series  of  circular  bundles  surrounding  the  fundus 
as  usually  described.  On  the  contrary,  they  begin  as  a  set  of  U-shaped  bundles  whicl 
loop  over  the  lesser  curvature  at  the  right  of  the  cardia,  and  pass  downwai-ds  and  to  tb 
left  on  both  surfaces.  Further  to  the  right  these  looi)ed  fibres  are  succeeded  by  circle 
wliich  surround  the  organ  completely.  Traced  towards  the  narrow  end  of  the  stoniach 
the  circular  bundles  grow  thicker,  and  at  the  pylorus  they  midei^o  a  further  increa«»t 
giving  rise  to  the  pyloric  sphincter  which  surrounds  the  orifice  as  a  thick  muscular  riuj:. 

On  the  gastric  side  the  pyloric  sphincter  passes  gradually  into  the  thick  circular  fibn* 
of  the  pyloric  portion  of  the  stomach.  On  the  opposite  side  it  ceases  abruptly,  only  iij 
outer  iiart  being  continued  into  the  circular  fibres  of  the  duo<ienum  (Fig.  751). 

The  internal  layer  (fibrtc  obliqure)  is  composed  of  fil)res  which  are  ammgetl  on  the 
fundus  and  adjacent  parts  of  the  stomach,  in  much  the  same  manner  as  those  of  tht 
middle  layer  are  on  the  body  and  pyloric  portion  of  the  organ  (Fig.  750,  C).  <  V)ntiniioui! 
above  with  the  deeper  circular  fibres  of  the  lower  end  of  the  a^sophagus,  tliey  begin  as 
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lirju'tically  t-utircly  to  a 
pnulual  tliickeiiing  of  tlu 
<:in:iilar  iiniscular  iihms 
\vlii..'h  sto]>s  abrui»tly  at  thf 
pyl(»i"ic  oritice. 


Blood-vessels. — The  arteries  of  the  stomach  are  all  derivecl  ultimately  from  the  coeliac  ai>. 

Tlic  coronary  a^i^jt•s  from  this  trunk  direct     Having  reached  the  leaser  ciirvatun?  and  trlv«;u   li 

ail  a):;oi>hageal  bi-anch,  it  divides  into  two  large  branches,  which  run,  one  on  each  side,  along  :":iir 

curvature,  and  join   below  with   two  similarly  dit<ix)s«^l  ari-rrir- 
derived   fiom    the  jyylork  bianch  of  the   lurpauc     Froni  tin-  :%■, 
arches  thus  formed,  four  or  five  lai-ge  bi-anthi-s  jia.-^  to  i-ach  burf-  • 
of  the  fctomadi,  find  soon  piei-ce  the  miijscular  coat.     Ah^ng  tin?  ^-hX 
rurvature  several  smaller  branches  reach  the  stomacli  from  the  nVi' 
and  h[f(  yasfro-nyiploic  arteries,  which  are  branches  resjiectively  uftli- 
gastro-duodenal  and  the  sjdenic,  and  run  in  the  great  omentum  eke- 
to  it5  attachment  to  the  stomach.     Finally,  four  or  five  raif'ji  Irtir i, 
bmnches  of  the  splenic,  are  distribute*  1  to  the  fundus  of  the  rrtoinad, 
,;.  751.— DiAcuAM   TO  suow  which  they  reacii  by  i>assing  forwards  Initween  the  layeRi  of  tli^ 
FunMATiiJN     (»K     PYLOKi.s.  gastro-splenic  omentum.     At  tirst  the  arteries  lie  ben*-ath  the  jit-r:- 
r,    j^critciuMiin  ;    L,    Lon^'i-  toneum  ;  very  soon,  however,  thev  pierce  the  muscular  C'.«at,  wiii  .1: 
tuilinal  layer    of   muscular  they  supply,  and  reaching  the  submucoea,  break  up  to  form  a  cki^. 
liln-es ;    C.    (-iroular   layer;  networK  of  vessels.      From  these  arise  numerous  small    braii-.L--?. 
M.  Mucous  ratMiibrane ;  ^,  which  enter  the  mucous  membi-ane  and   form   caj>illarv  l•ll-Au^♦^ 
Villi.     It  will  he  ROfu  that  around  the  glands  as  far  as  the  surface. 

!.l'.ll?'^.:n';;  "'"'.';?_'':!'>'  'r.*^"!  The  veins  begin  in  the  capillary  plexuses  an.und  the  ^]:ii.i^: 
uniting,  they  form  a  network  in  tiie  submucosa,  fmm  whitii  .iriT. 
I)rauche3  that  pierce  the  muscular  coat,  and  finally  end  in  t":.- 
following  veins  :  the  riyht  gastro-rpijdoic,  which  joins  the  fruj-  r:'-: 
mesenteric ;  the  left  (jastro-epiplmc,  and  four  or  five  vt?in?  o.m - 
sponding  to  the  vasa  hrevia  arteries^  which  join  the  t?]»lenii.  ;  lu- 

vomvary  or  {lastHc  vein,  which  runs  along  the  lesser  curvature  towards  the  caitlia,  receivns  ir. 

tesuiihagral  branch,  and  then  turns  down  and  nins  beside  the  coronary  artery  to  join  tin-  j-.»m'. 

Inink  ;  and  tlie  pyloric  ran,  corresponding  to  the  same  name«l  artery,  which  also  joins  ilie  jHirtaL 

These  veins  contain  numerous  valve.**, 

which,  though  competent  to  prevent 

the  return  of  blood  in  the  cliild,  are 

rarely  so  in  the;  adult 

The    lymphatics    arise    in     tlie 

mucous  membrane  around  the  gastric 

glan^la ;    they   tlien    join    a    jilexus 

of     valved     vessels     in     the    sub- 
mucosa, fi-oni  wliich  the  chief  trunks 

]>ass  with    the   bhx^d-vessels   to  the 

curvatures,  bfing  joined  on  the  way 

by  tlie  eflVrent  ves.sels  of  a  subperi- 
toneal lymphatic  plexus.     They  are 

connected  with  the  8U])erior  ga.stric 

glands  along   the  lesser  curvatures, 

the  inferior  gastric  glamls  alonffthe 

grt-at    curvatiu'c,    and    the    splenic 

glands,  whicli  they  reach  witii  the 

vasa   brevia.     Finally,  the   efierent 

vessels  of  all  these  join  the  cceliac 

glantls. 

The  nerves  are  deriveil  from  the 

iwo pncuwofiastrics  and  fi\)m  the  solar 

]iU.i:iis    of    the    sympathetic.      The 

jnioiimogastric    nerves    pass    do\ni 

through    the   diaj)liragm   with    the 

(e.-ophagu>,  the  L?fl  Iving  on  its  fix)nt, 

tlie  right  <m  it^  back  ;  in  this  way 

they   rijach    the    u])per  and    lower 

siiri"ae»\s  of  tlie  stomach  respectively. 

Heri;  they  unite  wil  h  the  sympathetic 

lilu'es  from  the  ca'liac  jdexus  (an  olf- 

Hln:K)t  of  lliesular  jilexus),  which  pass 

to  the  Momacli  with  the  bran«:hes  of 

the  ca'liac  axis.     The  nerve  libres, 

which   arc  (.liii'lly    n<»n-medullated, 

i'uiiu  two  gaugliate'l  ]^h-xuses,  those  of  Aiierbach  and  Meissner,  in  the  muscular  and  tubmuo'T; 

coats  respectively. 

The  develo]>nient  of  the  stomach  is  descrilxtl  with  that  of  the  intestines  on  p.  1105. 


MuiiimUhE- 


MouMiM  of 

j;a.slric  ulaiiils. 

with  u'laiiil 

lulM-sal 

iHjttOIIl 

l»Cl\Vi;r>ii  two 
iiiainiiiillii' 


Moulli  of 
^asilrio  «lnml 


FUJ, 


75*J. — Thk  Mr»:nrs  Me.mbha>e  ok  Stomai'H.  A,  Xatnnl 
size  :  ]{,  Ma>;iiifivd  2.'i  iliaiiiettT^  lu  A  the  rn^«v  aiiii  :ir 
inauiinillatiMl  surface  au*  sliown.  In  B  the  irlaijil  iao-:.t'..> 
(lovoolar  jiastriiH'),  with  the  gland  tuWs  leailing  otT  from  ^m  m 
t>f  theiN,  ami  thf  riiljres  si-jiarating  the  months  (plict-  villowt- 
art*  Hfi'ii. 


INTESTINES. 

As  the  coats  of  the  reinaininc^  portions  of  the  digestive  tube  agree  in  maiiv 
inrticulars,  it  will  be  convenient  to  describe  the  general  structure  of  the  iutestin^ 
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LICaCRKUKNS   CL/ 


Subliiucosii    — 


lierkuliirii 
land 
tcithtria 

IllllCOSif 

Briiiiii'TK 
glaiKlM 


riiUHcuhir  tibivs 

Ii«>nj:itu«liiial  — t^ 
rnuMCular  fibres  ^    large 
IVritoiMiuiii 


LirU'rkiihu''^ 


Ciroiilar 

uniseular  fibres  . 

luiiiH-'ulur  tibres  ublc 
Peritoneum 


VUlt 


muscularis  mucosa,  which  is  not  visible  to  the  naked  eye.     The  mucous  niembraue  i* 
very  viiscuhir,  |)jirtieuliirly  in  tlie  small  intestine.     It  is  thicker  iii  the  duodeuum  tLiL 

iu  the  jejunum,  uii: 
thicker  in  thi&  Litur 
than  in  the  ik-uui. 

Throughout  U>tii 
the  suiall  and  laivc 
intestincK  the  6\x\- 
stunce  of  the  niucfia> 
membrane  is  eiostij 
innuiutr- 
smaJl  (iiiicpv 
scopic)  tuhiil^ir 
glund.s,  known  :i<  tLt* 
glands  or  follicles  of 
Lieberkiilm  (daiii- 
ulce  intestinale>).  in 
shajx'  they  are  miiiutt 
St  might  tubes-  liki- 
diminutive  te^t-tuU■^ 
— with  their  niouih> 
opening  on  the  sur- 
face, their  closed  vnd- 
lying  in  the  deepr 
part  of  the  nim>i»i* 
cojit,  and  their  cavitit*^ 
lined  by  eoluiuiur 
epithelium.  Tlu-v 
ojjen  on  tlie  surfacv 
between   the  villi  of 

the  sujall  intestine,  ami  are  present  also  on  the  valvidje  conniventes.      In   the  larire  jrut 
their  orifices  are  found  all  over  the  surface  of  the  nnicous  membrane. 


Hubmucosii 


I.uiiiiiiiiiliiial 
iiiiiMMiIar  tibi«*> 

I'lTitDlH.MUl: 


Vui.  7r»4. 


SMALL     INTeSTINC    x2 


furttiiii^  iiet> 
work  ill  Mub- 


Blocpd-Vfssel 


I)i.\«.:iiAM  b)  show  till'  struiture  of  the  small  and  large  iiite«tiue 
and  the  duodeuum. 


(■ertaiii  special  developnicntrt  of  the  niucous  coat,  found  in  pirticnlar  regions  ot 
tho  intestinal  tube,  must  next  be  considered:  these  are  the  (1)  villi;  (2)  valvuLi- 
couniveutcs ;  (o)  solitary  glands;  and  (4)  agminated  glands,  or  Teyer's  patches. 

Villi  (villi  intestinales). — If  the  mucous  membnme  of  any  part  of  the  small 
intestine  be  oxamineil,  it  is  seen  to  present  a  soft,  velvety,  or  Heecy  appearanw? 
f'Fig.  755,  B);  this  is  due  to  the  ])reaence  of  an  enormous  number  of  minute  pro- 
c^^sses,  known  as  villi,  which  cover  its  surface. 

Villi  are  minute  cylindrical  or  finger-like  projections  of  the  mucous  membrane 
(Fig.  754),  about  -3V)tl»  or  ^^th  of  an  inch  (1*2  to  1*6  mm.)  in  height,  and  Ixirely 
visible  lo  the  nakeil  eye,  which  are  closely  set  all  over  the  surface  of  the  mucous 
ineml)rane  of  the  small  intestine.  Beginning  at  the  edge  of  the  pyloric  valve,  they 
are  said  to  be  broader  but  shorter  in  the  duodenum,  and  to  grow  narrower  as  they 
are  followed  down  through  the  intestine  to  the  ileo-caical  valve,  at  the  edge  ot 
which  they  cease.  They  are  found,  not  only  on  the  general  surface  of  the  mucous 
membrane,  but  also  upon  the  valvulie  conniventes,  and,  while  they  are  not  present 
over  the  solitary  glands,  they  are  found  in  the  intervals  between  the  indi\idudl 
nodules  of  the  Beyer's  patches. 

They  are  connected  with  the  absorption  of  the  products  of  digestion  which 
takes  place  in  the  small  intestine. 

Valvulae  Conniventes  (plica*  circulares). — When  the  intestine  is  empty  and 
contracted,  its  mucous  membrane  may  in  places  be  thrown  into  eiTaceable  folds  or 
rugat,  which  disappear  on  distension.  But  in  addition  to  these,  there  are  found 
in  certain  portions  of  the  small  intestine  a  siTies  of  large,  permanent  folds,  which 
are  not  etlaccable ;  these  are  known  as  valvulje  conniventes  (Fig.  755).  They  an- 
usually  more  or  less  cres('entic  in  shape,  and  resemble  a  series  of  closely-placed 
shelves  running  transversely  around  the  gut.  They  rarely  form  more  than  two- 
thirds  of  a  circle;  sometimes,  however,  they  present  a  circular  or  even  a  spiral 
arrangement,  the  spiral  extending  little  more  than  once  round  the  lube,  as  a  rule. 
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Twu  EtolitAt-j.^  ^Ihiid^ 


the  small  intestine  they  are  found  on  the  valvulaj  conniventes,  as  well  as  ujK)n  ih 
general  surface  of  the  mucous  membrane  Ijetween  them. 

Peyer's  Patches,  or  Agminated  Glands  (noduli  lymphatici  aggregati,  tonsilk 
Fi'wriimtch  i^^testinales). — A  I^eyer's  imtch  consists  of  a  lai^ 
number  of  lymphoid  nodules  grouped  closely  toj^ther 
so  as  to  form  a  slightly  elevated  area,  usually  of  an 
oblong  form,  on  the  surface  of  the  mucous  membrane 
(Fig.  756).  In  length  they  vary  from  half  an  inch 
(12  mm.)  or  less  to  three  or  four  inches  (100  mm.;,  and 
in  width  they  commonly  measure  from  a  third  to  hall' 
an  inch  (8  to  12  mm.).  Their  number  is  variable,  but 
in  the  average  condition  about  30  or  40  are  found 
They  are  best  marked  in  young  subjects,  where  they 
form  considerable  elevations  above  the  general  surface, 
and  may  be  as  many  as  45  in  numlier.  After  middle 
life  they  atrophy,  and  in  old  age,  although  usually  to 
be  found,  they  are  indistinct,  occasionally  being  marked 
by  little  more  than  a  dark  discoloration  of  the  mucous 
membrane.  They  are  invariably  situated  along  ihe 
free  surtaci^  of  the  intestine  opi>o8ite  the  line  of  mesen- 
teric atttichment,  with  their  long  axis  corresponding' 
to  that  of  the  bowel.  Consequently,  in  order  to 
display  them,  the  tube  must  be  slit  up  along  its  attache^l 
or  mesenteric  border. 

Peyer  8  patches  are  entirely  confined  to  the  siuall 
intestine,  being  largest  and  most  numerous  in  the  ileum, 
solitary ,ia„.i  int.nn.-iiat.. fc.nn  particuhirly   iu   its   lowcr  part,   whcrc    they    usuaUv 

Fiw.  756.— Peyeu's  Patih  and  •'^ss^i"^^  ^^  oblong  shape;  m  the  lower  half  of  the 
Solitary  (ii^vNDs.  from  intestine  jejunum  they  are  small,  circular,  and  few  in  number; 
of  chiM  two  years  oM  (natural  jn  its  upper  part  they  are  rare ;  and,  although  thrir 
'''^*^''  ]>reHeuce  has  been  noted  in  the  lower  portion  of  the 

'■Tw':„.ai7^;a:^;:i"n"u.'T.p'j:  cluodeuum,  they  may  be  said  to  be  as  a  general  rule 
two  or  three  lyiiipiiatic  nciiiies ;  absent  froui  tMs  divisiou  of  the  intcstuie. 

tliey  an-   marked    ''intermejliate 

form."  Tlif  valvulie  conniventes  stop  at  the  mai-gins  of   Peyer^ 

i>atc'lu*s,  and  are  not  continued  acnx«*a  them  ;  but  \-illi  are  fnuiyl 
(►n  tin*  surface  of  the  jiatcht's,  in  the  intervals  In'tAveen  the  lymphoid  nofliiloB. 

Tlie  cliief  ImjwcI  lesion  in  typhoid  fever  is  found  in  Peyer's  patches  an<l  the  srilitary  gland*. 

When  tint  surface  of  a  Peyer's  ])atch  fi-oni  a  child's  intestine  (in  which  thesv  structures arv 
particularly  wi'll  developed)  is  caivfully  exaniine<l,  it  is  seen  to  l»e  made  up,  not  of  a  series ''f 
separate,  roundiMl  no<lules  grouped  together,  but  rather  of  a  nuinlxT  of  wavy,  irregular,  aii'i 
l>rancliing  ridges  conTiecte<l  with  one  another  by  cross  branches  (Fig.  756),  the  whole  reealliDC  in 
Tiiiniature  the  appearance  «)f  a  raiseil  man  of  a  very  mountainous  district  in  which  the  cnief 
chains  run  irregular  coui-ses,  and  are  joinm  tu  one  another  by  connecting  ridges. 

Small  patclh's,  internie«liate  in  form  Ix-tween  solitary  glands  and  Peyer's  i>atclie.s  and  coii5i?t- 
ing  of  two  itv  three  lymphoid  nodules,  aiv  als<»  usually  present. 

THE  SMALL  LXTESTINE. 

Tlie  small  intestine  is  the  ])ortion  of  the  liigestive  tube  which  is  pkiceil 
between  the  stomach  and  the  Ixiginnint^  of  the  large  intestine.  It  commences  at 
tlie  pyh)ru8,  where  it  is  continuous  with  the  stomach,  and  ends  at  the  ileo-csecal 
valve  by  joining'  the  large  intestine.  It  occupies  the  greater  portion  of  the 
alxlominal  cavity  below  the  liver  and  stomach  (Fig.  740),  and  is  found  in  the 
umbilical.  hy]>ot^'astric,  and  ])0th  lumbar  regions;  also,  but  to  a  less  extent,  in  the 
other  regions  of  the  abdomen,  ami  in  the  pelvic  cavity. 

Tn  length,  the  small  intestine  usually  measures  over  20  feet.  According  to 
Treves,  it  is  22.1  ft.  in  the  male,  2o  in  the  female,  whilst  Jonnesco  gives  the  avera^'e 
length  at  24  ft.  7  ins.,  or  7A  metres.  In  form  it  is  cylindrical,  with  a  diamft%r 
varying  from  nearly  two  inches  (47  mm.)  in  the  duodenum  to  a  little  over  an  inch 
(21  mm.)  at  the  end  of  the  ileum  ;  there  is  thus  a  gradual  diminution  in  its  size 
from  tln'  ]>ylorus  to  the  ileo-cax^al  valve. 
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into  lint'  with  the  sifcoiici  or  trniiiiial  half,  whicli  ia  always  directed  backwarrls.     Ht-LCc  li.- 
whole  of  tlie  lii-st  jKatioii  of  the  dualeimni  is  directed  l>ackward»  when  the  stomach  if<  full. 

The  second  or  descending  portion  (pars  desceudena)  begins  at  the  neck  of  the  -^aW- 
bliuhl«ir,  passes  down  behind  the  transverst^  colon,  and  ends  at  the  right  sidt?  ot 
the  third  or  fourlli  lnml>ar  vertebra.     In  length  it  measures  3i  or  4  inches  (><\  vy 

10  cm.). 

fn  front;  it  is  crossed  about  its  middle  by  the  l)eginning  of  the  transverse  colou 
(Fig.  758 ).  Above  the  colon,  it  is  hi  contact  with  tlie  narrow  end  of  the  gall-bladdrT 
and  below  it  with  the  coils  of  tlie  small  intestine.  Behind,  it  is  connected  by  are^jlar 
tissue  to  the  inner  part  of  the  right  kidney,  with  its  ureter  and  renal  vessels:  it 
is  also  related,  as  a  rule,  to  the  right  psoas  muscle  l>elow  the  kidney  (Fig.  757  . 
To  its  oulcr  or  right  side  lies  the  liver  (here  presenting  the  duodenal  imprectfi«'ii 
ai)ove,  and  often  the  ascending  colon  below.  To  its  inner  side  are  the  inferi^-r 
vena  cava  and  the  head  of  the  pancreas,  this  latter  overlapping  it  somewhat  in  frfmt. 

The  common  bile  duct,  after  passing  down  behind  the  first  p<»rtion  of  the 
diuxlenum,  descends  l>etween  the  head  of  the  pancreas  and  the  second  j»ort.ion, 
nearly  as  iar  as  its  middle ;  here  it  is  joined  by  the  pancreatic  duct,  and  the  iwn, 
piercing  the  wall  of  tlie  duodenum  obliquely,  open  by  a  common  orifice  on  iw 
inner  aspect,  about  3i  to  4  inches  (87  to  10  cm.)  beyond  the  pylorus. 

Peritoneal  relations. — There  is  no  peritoneum  on  tlie  jKJSterior  or  deep  surfitt 
of  this  ])art,  whilst  its  superiicial  or  anterior  surface  is  covered,  except  where  it  is 
crossed  by  the  colon  (Fig.  758). 

WhfU  tin?  b(.'«^'i lining  of  the  transvei-se  a>lou  is  completely  covereil  by  peritoneuiu,  aii«l  Ii..-  ; 
lucstiiUMy  i'ji  condition  which  often  seeius  to  ]>e  detrrniimMl  b}'  a  liver  lai^e  in  the  veilical  iliriv- 
tioif,  lli«-  whole  of  the  anterior  surface,  with  tlie  excej»tion  of  the  iusiguificant  aiva  Ix^wt-wi  tli- 
1  w<»  iMyt-i-s  of  lln^  traiisvei-se  mesocolon,  is  (-ovt-red  by  the  iX'ritoueuiiL 

( )ii  the  other  hand,  when  this  j>art  of  the  colon  has  no  m(«eiitery,  it  fifta  the  iHritoni-um  otf 
tliL-  Iroiit  of  tin*  duodenum,  and  leaves  a  considerable  "uncovered  area,"  which  is  unitt-cl  l-y 

an'uliir  lissin-  to  tin-  Iwick  of  the  colon. 

'i'he  third  or  inferior  portion  (j)ars  inferior)  begins  at  the  right  side  of  ihe  iliir.1 
or  fourth  lumbar  vertebra.  From  this  it  first  runs  more  or  less  transversely  to  the 
left  across  tlie  vena  cava  (Fig.  757)  for  one  or  two  inches,  and  then  pa^sses  very 
oi)li<iuely,  or  even  vertically,  upwards  in  front  of  the  aorta  and  left  psoas  muscle. 
Finally,  having  readied  the  lower  surface  of  the  pancreas,  it  bends  forwards,  aud 
j)Msses  into  the  jejunum.  Owing  to  the  different  directions  which  they  take,  wf 
can  recognise  two  divisions,  a  transverse  and  an  ascenduig  terminal,  in  this  portion 
of  the  duodenum  (Fig.  757). 

In  front,  it  is  crossed  (about  the  junction  of  its  two  divisions)  by  the  superior 
mesenteric  vessels,  and  also  by  the  root  of  the  mesentery  (Fig.  758).  On  ea<h 
side  of  this  it  is  covered  by  coils  of  small  intestine.  Behind,  its  horizontal  j»oriion 
li(*s  on  the  vena  cava;  its  ascending  portion  on  the  aorta,  the  left  renal  vesself'. 
and  the  left  psoas  muscle,  all  of  which  separate  it  from  the  \'ertebral  coluiiiii. 
Above,  it  is  closely  applied  in  its  whole  extent  to  the  head  of  the  pancreas.  The 
left  mle  of  the  a.^ending  terminal  part,  which  is  frei^  lies  in  contact  with  some  c^^il^ 
of  the  small  intestine. 

rerltoncal  relations. — The  third  portion  of  the  duodenum  is  covered  by  jieri- 
toneum  on  its  anterior  surface  throughout,  except  where  it  is  crossed  bv  the 
su[)erior  mesenteric  vessels  and  the  root  of  the  mesentery  which  contaiiiB'theni 
^Fig.  758;.  In  addition,  its  ascending  terminal  portion  is  also  clothed  by  Uu3 
memlnane  on  its  left  side;  and  here  are  usually  found  one  or  two  small  peritoneal 
pouches  kn(»wn  as  the  duodenal  fossse. 

The  altin.liiin'nt  of  the  root  of  the  mesentery  begins  above  quite  close  to  the  duodeno-jejunal 
tl«*xun",  on  tin-  front  of  the  (huxlenum ;  fi"om  this  it  runs  down  ou  the  anterior  aspect  of  \\x^ 
.•isr«iidin<j:  tciiiiinal  j)art,  and  finally  leaves  the  duodenum  about  the  union  of  the  two  divi.iir.'n.-* 

(if  its  t]iii"<l  jmrtiun. 

Duodenal  Fossae, — in  the  neighbourhood  of  the  ascending  part  of  the  thirl 
IM^rtion  of  the  duodenum  arc  found  three  well-known  fossa)  of  the  peritoueuiu  which  mo 
of  s.)me  surgical  interest;  these  arc  the  superior  and  inferior  duodenal  and  the  paradiu>- 
deual  fossie  (Fig.  759).     Other  rarer  forms  are  occiisionally  present. 
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Structure  of  the  Duodenum. — Tho  peritoneal  coat,  which   is   intx-miiku.  l 
iiin.M'ly  r-'.ii  ']•  .v.-rio^-i  in  'l»,-:iiil.  in  rx-nncxi-'U  «'iti»  tr:ii;ii  ".iiviai».iii  <.»f  tho  i-iinxU-ijuiii. 

'Ill','  muscular  coat  i-,  \\*:\\  -i'-vel-^j..-],  anl  i-  [.iii.rcfl  ly  tht*  hile  an«.l  imncreEil:-- ■.  :•. 
r»".iT.  ',Tii.;r'.'. ;-:  rMl)-  i',r  n'>  -jK't:i;il  'i'.'-':n;.iti"n. 

'ifi'j  submucosa  "iiiiir^  in.ni  tli;tt  ^if  tiif  rest  of  tho  .suiull  intestine,  in  iliar  it  ■. 
T.iin-.  ^-r^'-'Maiiy  in  rij«.-  ui>[M,'r  li;i!f  of  tlio  du'ulL-nuni.  thf  glands  of  Bmimer  (■jl.ii. r;/ 
.|iiirii.-ii;ii'j-/,  'lijf-r:  art.'  -niail  a'.-inotiiKular  L:laiuJ>,  cl">fly  rosenihlinir  the  pvluni-  I'li::- 
*>\  ill'.-  .-.lornafjli,  Nvliirli  lie  in  the  .-^ubiimcou.s  ojiit,  and  send  their  dnct.s  tliP'Wj';  ■'- 
riiii-,^-iilari».  nr.H-'i-^ji;  t.'»  opi.-n  *>\\  tin.-  ^n^ace  Itvtwtr-en  hieberkulm's  ^liintLs,  or  sonioiiij» '.l' 
t,}iTS«;  l'1j»h'N  tli'in-rlvr-*  iVvj:.  l-.)\).  They  ean  he  e.\[i'»^L-d  by  renjovin;^  tlie  j'i'r:M  : 
and  niu-^:ular  coats,  and  aUo  .s«jiiie  of  the  suhmiico«<ii.  when  they  apj)ear  its  littl'?  r  ■:. 
or  llatl'iM.d  nia.^vs  of  a  n.^ldi^h  ;_'ray  colour,  varyin;^'  in  size  from  ►  jth  to  -,*..th  of  .m  .'^:: 
in  dianictcr  cO  to  'l'()  mni.;.  They  form  an  almost  continuous  layer  as  far  as  the  i'>.i.  : 
of  the  bil»;  duct  :  beyond  this  they  dimini.-rh  pro;.'ressively,  and  completely  disajjj.iv.riii/ 
the  dtiod«:no-j»-jinial  ri<'xiirr'. 

The  mucous  membrane,  which  is  thicker  in  the  durvltnum  than  in  any  other  j-ar  : 
the  -mall  int'.stine,  is  covered  throiiulioiit  witii  bro;id  short  villi.  Jts  other  char.i:*.' 
i'tic.t  have  ber-n  already  fully  <lcscribcd. 

Various  Forms  of  Duodenum.— Tl I r.M- di lie rt-iit  types  of  duoih-nuni  bavi-  bet-n  d«s..iil.-- 
I .  Tin-  annular,  in  \vlii'  li  tin-  cuivr.s  si-paratin''  the  various  portions  aiti  ojk-ii,  and  rli-  :^ 
'  xiii'iiiiii*;-  n>nii-  r.iiily  •  los.?  to  oih'.  ain»iln"j-.     '-2.   riie  U-shaped,  in  whii-h  the  tran>ver!-»'  [i::.  ■ 
lie-  lliinl  jM.rlirin  i-  vi-rv  Imh;,',  and  tin-  a^'endin*;  portion  nearly  vertical  ;  an<l  (l^\  the  V-shipM 

•  hi'i'li-iiiiiii,  in  wlii'li  tlir.  trail-verse  p;iri  of  tin*  third  ixjrtion  i>  very  short  or  ab-^t-iit. 

Duodenal  Pouch.  -  A  diverticulum  i;f  the  dmnlemnn,  ari>ing  fi-oni  its  left  sidf  ju>t  .il'ii  -". 
o|Miiiii;:  i,t' ili«-  Mir  rlu'i,  and  rininin;;  into  the  i?iili>tanee  of  i\\\'.  pani-n-as,  is  iKvafiinU'dlv  i-.:lm 
It  i-.  po-.-il,|y  «-<iiMii(  ti-d  with  on*'  of  the  outi^uowths  r»f  th»*  duofienuni  from  which  the  •«.iiitr  ■■ 
1-  <h\i|iip.il  in  \\\t'.  I'luhryo. 

Vessels  and  Nerves.-  Tin-  duc^leinnn  renive.-j  its  hh^Kl  fi-om  the  snix-rior  and  iiit'-r:  . 
pan'r«-;iiiiii-dnorirn.il  art«-iii->,  hianclies  (4'  tin;  ya>lru-dut.Klenal  and  superior  iin-seiiteri'-  .(ii'-:.'- 
ri-sp«-«;livily.  Tin-  hl«Hit|  is  nlurned  hy  iln:  •■orr«->iK)n<lin^' vein.'^,  the  su]»erior  of  which  or-ii^  i':" 
iln-  >Mp«-rior  nn-.M-nirri'-,  and  the  inferior  into  tho  l.»r^'inniii«,' of  the  port^il  vein. 

Thf.  lymphatics  j»a.->  lo  a  .H-i  ol"  ^rjands  pla<<-d  idon^'  the  pancreatii'u-<.lnmlenal  arlrii*-?. ;.:. 
llii'n«f.  1m  lln'  (:(i;liar  ^'lamb. 

Tin-  nerves  mnn-  frmn  tin*  M)lar  [»lfxus  of  the  isynipathfti'-. 

Duodeno-jejunal  Flexure. — When  the  ascending  terminal  iiortion  of  tin 
duo(h'riuni  roaelies  the  under  .siu'face  of  tlie  i>anGrcas,  at  a  point  op[N>site  the  leli 
hidi^  of  the  lirsl  or  .second  lumbar  vertehra,  it  turns  aljruptly  forwards,  downwards 
ami  Lo  tlie  left,  and  i)a.s.ses  into  the  jejunum.  This  abrupt  ].>end  Ls  known  as  tb 
duodeno-jejunal  flexure.  Unlike  tho  rest  of  tho  duodenum,  whicdi  is  subject  t» 
eonsidera.i»le  variations  in  i)ositioii  in  dillerent  individuals,  tlie  duoilem>^jejuiiaI 
lloxnre  is  lixed  by  a  thin  band  of  unstripcd  muscle,  which  is  attached  above  to  the 
strong  c,onno(!Live.  tissue  around  the  codiac  axis,  as  well  as  to  the  left  cms  of  the 

•  liaphra^iu,  and  below  joins  the  muscular  coat  of  tho  duodenum  at  the  tiexun* 
This  band  is  known  as  the  suspensory  muscle  of  the  dnodenuxn  (uiuscnlus  sii>- 
penscu'ius  duo<hMii — Treil/;. 
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ihe  intostiiic.  The  root  is  attached  to  the  i>osterior  abdominal  wall  alt 
an  oblique  line,  extaidin<^  apprnxiinately  from  the  left  aide  of  the  >•-<:<? 
lumbar  vrrtt-bra  to  the  right  iliac  fossa  (Fig.  701).  In  this  course  its  li 
of  aitachnicnt  passt's  from  the  duoileno-ji.\j.uiial  flexure  down  over  t!ie  fn-iiT 
the  terminal  jjart  of  the  duodenum,  then  obli(iuely  across  the  aorta,  the  int'eri 
vona  cava,  the  ureter,  and  psoas  muscle,  to  reach  the  right  iliac  region. 

The  oppc»site  border  of  tlie  mesenti.'ry  is  frilled  out  to  an  cnunnous  degre*-. 
that,  while  the  root  measures  but  6  or  7  inches,  the  free  border  is  extendfij 
some  20  feet,  thus  resembling  a  fan,  one  border  of  which  may  he  twenty  or  thii 
times  as  long  as  the  other.  The  length  of  the  mesentery,  measured  from  its  r 
to  the;  attached  edge  of  th<.'  intestine  directly  opposite,  usually  measures  ;U 
longest  part  about  G  inches  (8  or  9  inches,  Treves  and  Lockwooi:!). 

Jiftircni  the  tiro  layers  of  the  mesentery  (Fig.  7o3)  are  contained  [o;  \ 
int«'stinal  branches  of  tlu;  superior  mesenteric  vessels,  accomjyanied  by  the  nies-nre 
nerves  and  lynqjliaties;  {h)  the  mesenteric  lymphatic  glands,  whicli  vary  from 
to  loll  in  numl»er ;  (c)  a  considerable  amount  of  fatty  connective  tissue,  continii-; 
with  tiie  extra-peritoneal  areolar  tissue;  and  (d)  the  intestine  itself. 

Tin*  p<-riiriiniiin  frnin  tlu'  riglit  ^^i'lo  of  tlu'  imtsfiit»'ry  p.vsos  out  on  t\w  po>terior  aid  'lui 
Willi  til  il(»tln.'  tin'  asi-rinlin^'  <^oloii,  and,  al)ov<*,  it  is  roniieotiMl  l>y  a  fold  with  lln*  t  i-aii>vi*r!^.-  u.- 
(■<)l(»ii.     That  of  tlio  Irft  si(l<>,  siiiiilarly,  passos  a<'i-<^«  tlu»  ]>ari»*lo8  to  the  de?c*'Ti'liiig  anil  \\ 

riil(.nis. 

The  iM«"Si-iitrr\'  lM'f,H]is  alM)v«.',  iiniiuiliatrly  iM-yoiid  tlu*  ciidiiif^  of  tlu*  diiixlenuiu — tliat  k 
tlu'  aiiuli*  <'f  till?  (hioil.-iio-ji'jinial  ilfxun — and  it  oiuls  Ufluw  in  tlu^  angle  WtwutMi  thr  ilriiti  .s 
a-ci'ii'liiii:,'  ndon.  It  is  wvy  sliciit  at  t-acli  olid,  but  si-x)ii  attains  the  average  lenprlh-  Its  I-t.^' 
])art  ^^M'.s  lo  llu'  iMniinii  df  tin*  small  iiitfatint'  situated  betwtM*n  two  iK)int.^  one  six  fcr'l,  tlii  fi' 
clrvi'ii  fiM'i.  iVnni  tin-  diiudt'iium  (Tivvt-sJ. 

Whilst.  tln>  r«»i»t  (il'tln.^  iiu'siMitcry  jiui-snes  at  itt^  attaoliment  an  ahno^t  Btraiglit  liin'  fr«>rn  un- 1 
In  tin-  I'tlicr,  if  out  across  a  vt'iy  short  distance  frcnn  the  iK»st('nor  abdominal  wall,  it  will  hi-iv 
t'nini«l  tn  iMriii  a  'svavy  (»r  undulating'  line.  Further  out  still  this  condition  beconiei*  iiion^and  njf 
inarkf-d  ;  aud  finally,  if  tin*  lM)wel  beremov»*d  by  cutting  through  the  mesentory  cloffeto  its  at t.* 
ni.-ut  to  tli«-  inttstinal  wall,  it  will  l»e^eenthat  its  fn^eedguis  not  only  undulating,  imt  is  frillni 
j)laiti.'d  In  an  i-xthiur  tU*^nr<\  Wlu'U  shown  in  this  way,  it  is  ffunid  that  llie  plait  in;,'  or  fjlii 
is  noi  (juiti-  indi-ri-jininatf,  but  that  the  main  folds,  of  which  there  an*  usu.'illy  six,  run  ait: 
nairly  to  tli«'  riirht  and  li-ft.  As  a  rule,  the  fiisi  fold  runs  to  the  left  from  the  ciurNli'UO-jVju; 
(li'xuri',  and  ir.M->  t"  a  r.nil  of  jriuniini  which  li«-s  under  the  tmnsvei-se  inesoculun,  anil  1il'1|»"- 
-u|i|ii»rt  till-  >li»nia<'li  ltlli^  cnil  has  Ih-imi  already  n-ferntl  to,  pago  10r)3).  Tin;  si^rond  f«ild  j'S- 
In  tli«'  ri.Lrbt,  tin-  iliiitl  to  tin*  left,  and  so  on  uj)  to  the  fifth  and  sixth,  which  an*  u>u:illy  >n- 
riniii  tlu*  marLfins  nf  tlu-se  jjriinary  folds  secondary  fields  project  in  all  direction.'*,  antl  fnmi  tin 
a,^ain  »-vrn  a  third  s»'ri«->  may  K-  fr»rnn'<l. 

This  oitl.T  is  nf  cnurM*  by  no  nu-ans  constant,  but  if  the  intt?stine  In*  ix^niovt^l  fi'i:»ni  a  hripKn 
bnrly  in  tin-  way  ^•u.^gi•st«•d,  withnut  disturbing  the  nii\'»entery,  it  will  K-!  found  to  K*  armn; 
\\  ith  mnrc  •.!■  K-ss  rugularity,  on  snme  such  plan  as  that  indicate*^!. 

Arrangement  of  Coils  of  Small  Intestine. — Although  the  greatest  variety 
^  •'  found  in  the  disi)OHition  of  the  small  intestine,  and  it  is  imi»ossible  to  state  in  w!- 
regions  of  the  abdomen  the  ditlerent  parts  of  the  tube  will  be  found,  still  it  m: 
be  sai«l  that  in  Ljeneral  the  jejunum  (as  might  l>e  ex[:>ected  from  the  i>osition 
whieh  it  begins)  is  ]dae.ed  a])ove  and  to  the  left,  in  reference  to  the  ileum,  whi 
latter  lies  inflow  and  to  the  right.  Again,  the  upper  part  of  the  jejunum  is  usual 
situate* I  to  the  left  id'  tlu^  duodeno-jejunal  flexure,  in  contact  with  the  mii: 
surfacre  (d'  the  |»;inon\i8  and  transverse  mesocolon;  and,  similarly,  the  terminal  pf 
<d'  the  ili'uni  ahm^st  idways  lit^s  in  the  iH^lvis,  from  which  it  i>asses  up  over  t 
right  side  of  tlu^  ]h  Ivio  brim  to  reacdi  the  ileo-ctocal  orifice.  Auotlier  portion 
tin-  small  intestine  is  not  uncommonly  found  in  the  ixjlvis;  this  is  the  i)art  wi 
the  longest  nu.>s(,'nt(M'y,  and  lies  l:)etween  two  points,  six  and  eleven  feet  respeclivt 
from  the  duodenum  (Treves). 

Differences  between  Jejunum  and  Ileum. — If  the  small  int<:'stiue  be  follow 
(b»\vn  from  iln*  duodenum  to  the  ciucum  no  noticeable  change  in  appearances 
l»e  tound  at  any  one  i>art  of  its  course,  to  indicate  tlie  transition  from  jejimum 
ileum  :  for  the  one  ])asses  insensibly  into  the  other.  Nevertheless,  a  gradual  clwu 
lakes  place,  an«l  if  tyi»icnl  parts  of  tiie  two,  namely,  the  upper  portion  of  t 
jejunum  ami  the  h)\ver  ]M»rtion  of  the  ileum,  Ikj  examined,  they  will  be  found 
present  characteristic  dilferenoes,  which  are  set  forth  in  the'foUowing  table: — 
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seen  projectiiit;  on  its  surface.  TVyer's  ])jitches  arc  jKirticularly  largo  and  iiiiiner 
tlie  ileum  :  tliey  ure  fewer,  smaller,  and  usually  circular,  in  the  jejuuiiiu.  Finall 
nniciMis  membranr  forms  valvuhe  conniventes,  which  are  rinieh  more  j)ii.>mine!it  i 
jejunum  :  they  are  smaller  and  fewer  in  the  uj)i)er  part  of  the  ileum,  and  usually  disil 

a  little  helow  its  middle. 

THE  LAK(;E  INTESTINE. 

The  ileum  is  succeeded  by  the  large  intestine  (inteHtiiuuii  ci*as8uni  ,  ^ 
begins  on  the  right  side,  some  :lh  inehes  below  the  ileo-cieeal  junction,  auil 
j)rises  the  following  })art.s  : — 

1.  'J'he  caecum,  a  wiile,  sliort  eul-de-sac,  consisting  of  the  portion  of  the 
bowel  below  the  ihio-cteeal  junction.  It  lit\s  in  tlie  right  iliac  region..  iin«i 
its  inner  and  back  part  a  worm-shaped  outgrowth,  the  vermiform  process,  i.- 
longed  (Fig.  701). 

1^.  The  ascending  colon  extends  from  the  ca.'cum,  up  in  the  right  side  c 
abdonu*n,  to  the  liver:  here  the  gut  bends  to  the  left,  forming  the  hepatic  fl 
which  connects  the  ascending  ctdon  to  the  transverse  colon 

3.  The  transverse  colon  is  a  long  loop  of  intestine  which  arches  aems 
abdominal  cavity  in  an  irregular  manner.  It  ends  at  the  lowtM-  extremity  i 
s])leen,  wher*^  it  turns  downward,  forming  the  splenic  flexure,  and  jkissok  iui 
descending  colon. 

4.  The  descending  colon  runs  down  on  the  left  side,  from  the  splenic  A 
to  the  iliac  crest. 

'}.  The  iliac  colon  extends  from  the  crest  of  the  ilium  to  the  hrim  of  the  }i 
where  it  is  succeeded  by  the  pelvic  colon. 

G.  The  pelvic  colon  is  a  large  loop  of  intestine  wiiicli  is  usually  found  i 
])clvis.  The  iliac  ami  pelvic  portions  of  the  colon  taken  together  are  comu 
described  as  tlu;  SHjuioid  jlrrvrc  of  the  colon. 

7.  The  rectum,  the  terminal  part  of  the  hirge  bowel,  succeeds  the  pelvic  ». 
and  ends  at  the  anal  orifice. 

In  its  course  the  lar'^e  bowel  is  arranged  in  an  arched  manner  around 
small  intestine,  which  lies  within  the  concavity  of  its  curve  (Fig.  739). 

in  Initfl/i,  the  great  intestine  is  equal  to  about  one-tifth  of  the  whole  intes 


.SiH'ciiUitioiis  Tii.-iiia  coli 

ApptfiMlicex  vpiploicar 
Vui.  762. — Laiksk  Jntf-stine. 

A  jtii've  of  Irnnsvi-rso  C'j1<mi  fniiii  a  rliiltl  two  yeai>  oltl.     The  thret*  chief  characteristics  of  the  larie  iulf 
5!accul:ilii>iis.  tii-uw-.  uimI  ai»iu*iiiliteh  epiploic;!* — are  s«howii. 

canal,  and  usually  measiires  between  5  and  5i  fec*t  (180  to  195  cm.).  Its  ?>/•< 
is  greatest  at  the  cjecum,  and  from  this — with  the  exception  of  a  diLatiou  a 
rectum — it  gradually  dccreas<^s  to  the  anus.  At  the  ctecum  it  nieasurt^s, 
distended,  about  :>  inches  (7.">  nnn.)  in  diameter;  beyond  this  it  grad 
diminishes,  and  niciisures  only  1^.  inch  (:»7  nniL)  (►r  less  in  the  descending 
iliac  divisions  of  the  colon. 

The  largt*  intestine,  with  the  exception  of  the  rectum  and  vermiform  apjit? 
may  he  easily  distinguished  from  the  regularly  cylindrical  small  iut<33tiue  h 
tiie  pn^sence  of  three  longitudinal  bands— the  tsenisB  coli — running  along  itssii 
(Fig.  702^:  :'A)  by  the  fact  that  its  walls  are  sacculated;  and  (c)  by  the  pre; 
(»f  numerous  little  peritoneal  processes,  known  as  appendices  epiploicse,  projo 
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Nerves. — The  nerves  come  from  the  superior  mesenteric  plexus,  an  oflTshoot  of  the  soli: 
plexus,  and  from  the  inferior  mesenteric,  a  derivation  of  the  aortic  plexus.  The  arrangement  i- 
similar  to  that  of  the  nerves  of  the  small  intestine. 


Frenolui^j 

of  ilwj--_ 
coHc  viiivt* 


Anterior  i«nia  coli 


U  pper  if^ftment  of 
'ilwx^jlic  vulve 

FrpnnlTiiii  of  the 
vaiVQ 

>ii(lve  or  valve 
Tiif«'rior 
Acifment 


Fkj.  763.— C^cum  showing  Ileo-c-Scal  Valve. 


THE  C^.CUM  AND  APPENDIX. 

Caecum. — After  leaving  the  pelvic  cavity,  as  already  described,  the  terminal 
portion  of  the  small  intestine  passes  upwards,  backwards,  and  to  the  right,  and 
opens,  by  the  ileo-csecal  orifice,  into  the  large  intestine  some  2.J  inches  from  it 

lower  end.  The  portion  of  the 
large  gut  which  lies  below  the 
level  of  this  orifice  is  known  as 
the  csBcnm  (caput  caecum  coli,. 
In  shape  (Fig.  763)  it  is  a  wide, 
unsymmetrical,  or  lop-sided  cul- 
de-sac,  furnished  with  the  taeni* 
and  sacculations  usually  found  in 
the  large  intestine.  Its  lowerend 
or  fundus  is  directed  downwardi 
p^nrtofnlum  and  inwards,  and  usually  resu 
on  the  front  of  the  right  pscias 
muscle,  close  to  the  brim  of  the 
pelvis ;  whilst  the  opposite  end 
is  directed  upwards  and  out- 
wards, and  is  continued  into  the 
ascending  colon. 

Its  unsymmetrical  form  is  du*-  to 
The  caecum  Las  been  distended  with  air  and  dried,  and  a  portion    the    fact   that    the    outer   and    inntr 
of  its  anterior  wall  has  been  removed.  portions  of  the  organ  undergo  an  un- 

equal development  in  the  child.  Tbr 
inner  (or  inner  and  jjosterior)  section  lags  behind,  whilst  the  outer  (or  outer  and  anterior 
division  grows  much  more  rapidly,  and,  projecting  downwards,  soon  comes  to  form  the  lowrr 
end  or  fundus  of  the  caicum.  As  a  result  the  orij^nal  extremity  of  the  gut,  with  the  vermi- 
form process  springing  from  it,  is  hidden  away  behind  and  to  the  inner  side  of  the  fundus. 

In  length  the  distended  caecum  usually  measures  about  2^  inches  (60  mm.. ; 
whilst  its  breadth  is  usually  more,  and  averages  about  3  inches  (75  mm.). 

Position. — It  is  situated,  when  normal,  almost  entirely  within  the  right  iliac 
region  of  the  abdomen,  immediately  above  Poupart's  ligament ;  but  its  lower  end 
projects  inwards  in  front  of  the  psoas  and  reaches  the  hypogastrium  (Fig.  769". 
On  the  other  hand,  it  is  sometimes  found,  even  when  quite  healthy,  high  up  in 
the  right  lumbar  region  (owing  to  the  persistence  of  the  fcetal  position),  or  hanging 
over  the  pelvic  brim  and  dipping  into  the  pelvic  cavity  to  varying  extents. 

In  the  great  majority  of  cases  the  caecum  is  completely  covered  by  peri- 
toneum on  all  aspects,  and  lies  quite  free  in  the  abdominal  cavity.  In  a 
small  proportion,  namely,  about  6  or  7  per  cent  of  bodies,  the  posterior  surface 
(probably  as  a  result  of  adhesions)  is  not  completely  covered,  but  over  a 
greater  or  less  portion  of  its  extent  is  bound  down  to  the  posterior  alxiominal 
wall  by  connective  tissue. 

Relations. — Behind,  the  caecum  rests  on  the  iUo-psoas  muscle ;  generally,  too, 
on  its  own  vermiform  process  and  the  external  iliac  artery.  In  front,  it 
usually  lies  in  contact  with  the  anterior  abdominal  wall ;  sometimes,  however, 
when  the  ciecum  is  empty,  the  small  intestine  intervenes.  Its  outer  side  is 
placed  immediately  above  the  outer  half  of  Poupart's  ligament  (Fig.  769),  whifct 
the  irmer  side  has  the  termination  of  the  ileum  lying  in  contact  with  it.  On  the 
inner  and  posterior  aspect,  but  more  on  the  former  than  the  latter,  the  small 
intestine  joins  tlie  caecum.  On  the  same  aspect,  and  usually  about  IJ  inches 
(:>!  nnn.)  lower  down,  the  vermiform  process  comes  ofiF. 

The  interior  of  the  caecum  corresponds  in  general  appearance  to  that  of 
the  lar<:(i  intestine;  but  it  presents  two  special  features  on  the  posterior 
part  of  its  inner  wall,  namely,  the  ileo-csdcal  orifice,  guarded   by  the   ilao-oKal 


1 


•1i 


J 


Str^'it-r't  '::  :he  IlcG-r^ccal  Valve.— E.^:.-.  rr.j-_r-:    f  -.L-t  -i:---:  i-  -'  rz..-^ 


1.  ^  :-r  :...!:.:. -r  ::■  T-iii.h  t!.^  :!r--;::i  --Lirr^  -.r  i-vi^::: 
•■■■.:..:    '..'.-        -- i-"'    '^t-^i-::-    il  :---  ■''■■'    m   t:.  -   ■- 1^- 

^  •  .rti  :-:.'--  •.■-■  T  r-v -:.t  a  r-t;in:  -.f  r:.-  •.•>r'.iil  ■  .>r. :•-:.*:.-. 

i                        mmt^^  _T-.i:  :..i;-  rir.-  ■■ :' •■■■:i.'M-:s.  'xh-iiiri  T*...-iti":i  w::;.:il  :'.-  *.> 

^:.  -■   ^    .1  ■■^.  >  r-»-rf ■•■■•'.'.■  j.-r-  •■■■.D-'i  tr'.n.  »::-"h  .i  rvtiirii.  ilth ■.::_' 

,-|                               -..        ■:>;-..;  ::  >-:..-.[    "::.-;  !^r"- ir- r-i:..\-l,  an  i  tL'-ii  ■ii-tru-i-r'i  wi:'i  :!::i  i.  :^ 

Jl                                   ...     '  I.     .f.  -       .,:         -r.:    ;.i— -:^    ri.r:-!;/!!    thr:  valvr,  ai.'l    r-.i'.I:-»  th».-  suiill   ir. 

..VI                              .-..!..        ■  :.-:-,    ::.r.-     M-..K..    '>':.\\.    i'..-:    t:ii: .i.rri'y    r.f    r^r.'.h    a    i*-?:.    aprlii-l    wL- 

'^J«i  -Trr.-;   ir»r  •irrriv.-'i  of  tlit-ir  n-it-jril  tuprNjrt'.  cannot  t- 

.-  ;.*-     :  •].-.■  -.  lI- ■-.  -i-s  --i-.-ii  iii  tii^:  'iri'-"l  OMn-iition,  vaik-s  o.r.iii- 
}    .  ■..-::■-   ...  ■'.,:.  -  V  .-.'  ::;.;-::     *  :     ..  !  -•.•■:.  tl.-r  a:-j»:L':»-  -t  r-«..lL  h.ia  U-eiL  r*"  "P:-1.      E 

if  .-■-.■.    '  .  ■■..-■  :      r  :-!!i.._'  ::.*■    -rr-:.  ;;.r  .lijli  e-Xiirniiiinj  tli»r  jvirts  uii'l-rr  sii- L  ai 


Development  of  Caecmn  and  Appendix — Tlir  ••.♦-cjim  fiiM  aj-iM-an:  in  thr  trnil-ry.^,  a: 

•  .■  r::*;,   V     .•:,    :■    r    -i!../.'.        'j:  •\:':i  '-f  th'-  w.-JI   of  thr  j»riuiiiivc  ^'ut  'niM-t:ut-.  i: 

'!  .  ;:■:-:  =  *.:•«  :   ;: '■.  -.:.:!!  -iii ;  Itij.-  ;r.r--:ii:-:^.     At  ihi- time  iht:  oiit^TMWth  i^  "f  tlir  s;ii 

jj  •  !■.:■.  .„\.   -.r.  „:.  :    :-   r:  i- ri- ;illv  . ..  .,;!  i..  rli-  int^r.-tin*-  in  «lianiftt=-r.     Al-.^iit  tht.-  •.•k-vrnil 

l|»  V.  i  ,;•:    :■."  ;  ::„•■■  ;ii:  1  -!!;.ili  r.-   •■:;.-  ii'-  -tJil  "f  til*'  T-iiUir  \ri«ltli,  it  IjA.-  int.Tvas*.-*!  Very  •.•••n-i-. 

V.  ir.  ;-i.„;T:i    t-.\.j  ^^^'■:\  T"  m:.--;*   tiv-  tjji.v-  tli».- *Ii.init;t*-r  I't'  llio  .■»inall  iuit-.stini-,  and  ihu.- 

'  •  I-  .  i''.:-'.\-  .1-  .•>::j  .L-.  in  ili-:  m-I  :>   ;  1..:.it  -rv.rn  at  I  hi-  farly  date  llit^  basil  jKjrtkm,  lor  aK> 

!:;ii  '■:   i:-  ii-::j*I),  i-  <|ii'.-  .r-  ^.\i<|.:  ;i-  tli-r  intrr.-tint-,  wliiL-i  the  ri'maining  I'uur-til'tli.s  uf  t' 

iT'.v'::     t!..-   iii:iii»:  uj-i-.-ri-Jix     :-  '.:;Iy  aV.int  onr-half  or  onc-tliipl  tlio  tliaiurti-r  of  tl 

I:-. In  tl,;-  it  !-  -i»-ii  tliat  iliv  'li-r.il   p'Tiii.Ti  of  tlio  oiil{:n>wth,  wliicli  Milicsi-nUr-nily  K-c-jn 

■.  •rifiil'.iiii  j.nn.---.  l..-^'iii-  lo  l.i^'  iN-liin'l  i:v»:n  at  tliid  early  jn'riod  «.«f  it»  deVflMiaiitr-nt. 

Til':  li-i-.il  ]i«.iri"ij  •-.  .iitiiiii.-  i«.  •■xpand  witli  the  gut;  thr  distal  jwrt  pr»iw.s  rajddly  « 

iti  I'ij-:h.  i.'it  «/thri\\i-.-  '-nl-uv-  V'-ry  .-I'lwiy,  .-i^  that,  towaitls  the  end  of  foetal  lift*,  the 

!  h.-i    ;iii:iiii.'l  u  ri,u\'ii\  -h.'iiM',  thi!  w  id-r  i-iid  j'-ining  tlii'  a.-scending  colon,  the  narrow  enil  Xi\ 

y!:i'\\i.i\\\  .'iij'l   ii;i"iii^'  iiit«i  tli*;  virniiifMrm  iiimr.--;.     This  Jorni,  known  as  the  infantile 

'  .I'Miii.  i-.  i''.iiiii"I  lor  -..nif  limr  all«rr  hiith,  r»r  even  may  (in  ^  or  3  per  cent  of  canf>; 

lli['»M;.^li«.ilI   111.-. 

A-  .Mrl\  ,1-  til'-  -i.Mli  or  .-.-Ni-iith  month  of  fa*tal  life  the  wall  of  the  terminal  |.»ortion 

.iji;ill    iiit«--iiii--  adIii-M-  t^i  iln?  iiim-r  ^i«lL•  of  the  cjecuni  for  some  distamv  lielow  the  ilo 

,  oiiti.N-.     And  ilii-  "oiiin-xi.in,  whivh  i.s  reinlt-n-tl  moi-e  intimate  by  the  ]tassage  of  two  i 

|M-i  ii'.iii-nrn,  oim-  nu  tin-  fi'Mii,  tli*-  otln-r  on  thr  ].»ack,  ludween  the  two  mrts,  yiirifonudly  n 

iIm-    ulj.-ifjijiiit  ^'lowih  of  ih«:  i.ariini,  and  det«Tmine?  very  largely  its  adult  furni.    Ff>r,*wl 

«:f.  iiiM  Ih-u'Ifi- i'> 'xpaiid,  tin-  inner  a-^iMM.t  is  j  nv  vented,  hy  its  connexion  with  the  term: 

of  ilii-  ilfiiiii,  If. Ill  rnhir^dii;;  a>  fn-t-ly  a>  thi-  iv.-t  of  the  wall ;  in  con:ieqiienee  of  this  ih 

'■'4  p'»"  ^Tow...  Mii'l  ix|»;iiid.-  iiMir.li  nioif  !aj)idly,  jut  blueing  the  h»p-side<l  apjiearaiiee  alre«'iily  r 

1",  .umI  .-•m-ii  riiiiir.-  t<.  fi'iiii  the  l«.w«->t  part  or  fu ndus  of  the  cecum,  and  the  greater  jwr 

.1-  ;  wliil  I   tin-  oiii^iii.il  ajMX,  with  tin*  vermiform  ap]M*ndix  epi-inging  from  it,  anehore 

Will-,  lo  ill.-  •-iic|  of  tli«-  ili-um,  i.s  lhru.«-t  to  one  sidr,  and  finally  lies  on  the  imu-r  and  pi 

;i  j.f.  1  ni  ill.-  i  ji'iiiiii,  a  lilili*  way  hclow,  and  usually  posterior  tt»,  the  end  of  the  ileum. 

'I'll.-  |...  iii*. II  <>\'  I  In-  raMiim  vari<-s  at  diffrpMit  j>eri«Kls  of  ftutal  life.  Al)Oiit  thr  elt-vt 
Iw.Hili  \\.-.K  ii  liis  iiiimi-«liatrly  iM-m-ath  the  liver,  and  to  the  left  of  the  middle  line; 
i'l.i'lii.ilJv  ir.nrl,-  h.  ill.-  ri;j[ht,  iio.<siiig  iht*  <l«-scending  duoilenuni,  and  is  found  lying 
ii;dii  .i«l.-.  jii,t  iM'iiratli  tin*  livrr,  at  tin-  fourth  mo]ith.  From  this  it  di-scends  slowlv 
.III II It  jMi  ii  I.. II,  w  liii-Ii  ii  usually  {ij)proarln's  tuwanLs  the  end  of  f(Dtal  life,  hut  it  may  not  a 
11  It  li  II.  until  .-^oini-  tiin<>  .ilirr  hirili.  An  im[H'rf«-ct  descent  gives  rise  to  the  IiiniKir  potfi 
^  III.'  ' MM  iini.  Ml  all  r\. ■«--.-  in  ihis  din-rtiou  tn  the  ]M'lvic  ]KJsition  (referred  to  oii  p.  1076). 

TypoH  of  Caecum.     Tlmf  rhief  types  of  ciecuni  may  be  distinguished — Xlm/fital  type^ 
r  Ml  :'Ii.i|n'  and   ntaily  >ymmi-tii('aK  with  the  lower  end  gnuluully  i^ossing  into  the  ven 
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tlie  ileo-cnecal  orifice.  These  are  the  relative  positions  of  the  two  (»ritiees,  as  ^:h 
from  the  interior  of  the  ca?cuiii ;  \riewed  from  the  exterior,  the  l»ase  of  the  ap]ieii<lix 
is  within  |  inch  of  the  lower  border  of  the  ileum.  This  apparent  difterence  is  du*- 
to  the  fact  that  the  ileum  adheres  to  the  inner  side  of  the  caecum  for  a  distancf-  ot 
nearly  I  inch  before  it  opens  into  it. 

Sometimes  the  orifice  of  the  appendix  has  a  crescentic  fold  or  valve  (valvuU 
processus  vermiformis)  placed  at  its  upper  border  ;  but  it  is  probal^ly  of  very  littW 
functional  importance  when  present,  for  the  aperture  of  the  appendix  is  usually  -.- 
small  that  its  cavity  is  not  likely  to  be  invaded  by  the  contents  of  the  cu^cuni. 

The  vermiform  process  is  completely  covered  by  jieritoneuni,  and  has  a  cnu- 
sidcrable  mesentery,  the  meso-ajypendix  (mesenteriolum  processus  vmiiifonnis;. 
wliich  extends  to  its  tip  as  a  rule,  and  connects  the  process  to  the  under  surface  .'I 
that  part  of  the  mesentery  proper  which  goes  to  the  lower  end  of  the  ileum. 

Tlio  appi  iidix  is  relalivt'ly,  to  the  rest  of  the  large  intestine,  longer  in  the  child  at  hinh  tl:=.:. 
in  the  aclult,  the  proportion  ]>eing  about  1  to  16  or  17  at  birth  and  1  to  19  or  20  in  lin- 
acUilt.  (The  differenc^e  is  certainly  not  as  gi-eat  as  slated  by  Ribbert,  wlio  makes  the  ppr»jxtrti"r: 
1  U)  10  at  ]»irth  and  1  to  20  in  the  adult.)  The  pi-ocess  attains  its  greatest  length  ana  dianj-^r 
during  adult  and  niid«lle  age,  and  atropliies  slowly  after  that  time.  It  is  saiti  ttj  K*  .-litli:!; 
lunger  in  the  male  than  in  the  female. 

Total  occlusion  of  its  cavity  if*  found  in  3  or  4  \wit  cent  of  Uxiies ;  it  is  then  c<^»nverttMl  iiit«.  i 
Gbrous  cord.  Partial  occlusion  is  present  in  25  j>er  cent  of  all  cases,  and  in  more  than  50  jHrr  •:*-vr. 
i){  thosi'  ovur  GO  veal's  old,  whiLst  it  is  unknown  in  the  child.  This  frequency  (»f  occlu.^itni.  iIj-j 
I»hysiologi«al  atrojdiy  which  takes  place  after  middle  life,  the  great  variations  in  length, aipl  crhfT 
signs  of  instability,  have  been  considei-ed  to  point  to  the  retrogressive  character  of  the  apjNrU'iii. 

A  verniiforni  procei^  is  found  only  in  man,  the  higher  apes,  an<l  thr  womUit,  allhongli  in 
ct-rtain  ifKlents  a  somewhat  similar  arrangement  exists.  In  carnivorous  animals  the  Ciecum  ie  V'  ry 
slightly  develop».*d  ;  in  herbivonms  animals  (with  a  simple  stomach)  it  is,  as  a  rule,  extrem»-ly  liir;.v. 
It  has  been  suggested  that  the  vermiform  process  in  man  Ls  the  degi-neratetl  n^niains  of  tli* 
luM-bivorous  ciucum,  which  has  been  rejilaced  by  the  camivonms  form.  AnotluT  and  ikt-rli/ii- 
more  probable  view  regards  the  appendix  as  a  lymphoid  organ,  having  the  wime  fnnciion^  .-i- 
IVyer's  ]>atclies,  and  like  these  undergoing  degeneration  after  middle  life  (Berry). 

In  the  fa^tus  and  child,  as  well  as  in  the  adult  with  the  infantile  type  of  c^eeiini,  the  apjviiiii 
springs  from  the  true  a])ex,  not  fr-om  the  inner  and  p<.)9terior  aspect. 

Foreign  bcnlies,  although  re]>ut(Ml  to  find  their  way  very  easily  into  the  a])]H*ndix,  are  nmly 
ft)und  there  after  death.  On  tin*  other  hand,  concretions  or  calcuH,  formed  of  mucus,  fjecrs,  ;*::i 
v/irious  sills,  are  often  pres»Mit  (Berry). 

Structure  (Kig.  767). — The  serous  coat  is  complete,  and  forms  a  perfect  investn.irit 
for  the  j)roccss.     The  muscular  coat,  unlike  that  of  the  rest  of  the  large  intt.'stiin',  ha>  i 


Via.  767.— Sthuctubb  of  the  Veuuiform  Appkndix. 
A.   From  a  child  two  years  oM.  B.  From  a  male,  age  56. 

It  will  be  obstrve<l  that  the  subiuiicosa  is  almost  entirely  occupied  by  lymphoid  uodulos  and  patoht-s.  T:» 
liiusnilaris  inuoosie  is  very  faint,  and  lies  quite  close  to  the  bases  of  Lielierkiilin's  glands.  Tin*  Iudu'^ 
tinUnal  layer  of  muscular  fibres  forms  a  continuous  sheet 


continuous  ami  stout  layer  of  longitudinal  fihres,  which  {wsses  at  the  root  of  the  process 
into  the  three  ttenite  coli  (Fig.  768).  The  layer  of  circular  fihres  is  well  developed.  TIk' 
submucosa  is  almost  entirely  occupied  by  large  masses  of  lyuiphoid  tissue  surrounded  I'V 
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towards  the  ctecum,  along  the  lower  border  of  the  terminal  \K\Yt  of  the  ileum,  its  pj 
will  generally  nni  into  a  fossa  situated  in  the  angle  Initween  the  ileum  and  cjeeum  ll 
768,  A),  wliich  is  known  as  the  ileo-cjueal  fossa.  The  fold  which  bounds  the  fossa  in  fr 
is  the  ileo-Ciecal  fold  (the  "bloodless  fold  of  Treves").  It  passes  from  the  ileum  lo 
front  of  the  nieso-appendix,  which  latter  forms  the  posterior  wall  of  the  fossa. 

Ileo-colic  Fold  and  Fossa. — Similarly,  if  the  finger  be  run  out  along  the  ui»i<r  \*)x 
of  the  ileum  towards  the  cjecum,  it  will  usually  lodge  in  a  smaller  fossii,  the  ile*:>-colie,  »l 
is  hounded  in  front  by  a  small  perit(nieal  process,  the  ileo-colic  fold  (Fig.  768,  A),  contaiL 
the  anterior  ciecal  artery. 

THE  COLON. 

Ascending  Colon  (colon  ascendens). — This  section  of  the  grciit  gut  bej 
about  tlie  level  of  the  intertubercular  plane,  oi)po8ite  the  ileo-caical  orifice,  wl 
it  is  continuous  with  the  ciecum.  From  this  it  runs  upwards  and  somewhat  ha 
wards,  with  a  slight  concavity  to  the  left,  until  it  reaches  the  under  surface  of 
liver,  where  it  bends  forwards  and  to  the  left,  and  passes  into  the  hei^atic  flex 
(Fig.  769).  In  its  course  it  lies  in  the  angle  between  the  quadratus  lumloi 
behind,  and  the  more  prominent  psoas  internally  (Fig.  742). 

It  is  situated  chietiy  in  the  right  lumbar  region,  but  it  extends  .slightly  i 
the  hypochondrium  above;  and,  although  it  usually  begins  about  the  level  of 
intertuiuTcular  line,  still  with  a  low  position  of  the  caicuni  it  will  extii^nd  furt 
down,  and  may  occupy  a  considerable  part  of  the  iliac  region. 

Its  UiKjth  is  about  8  inches  (20  cm.),  and  it  is  wider  and  more  prominent  tl 
the  descending  colon.  It  generally  presents  several  minor  curves  or  liexures.  j 
it  often  has  the  apj)earance  of  l:)eing  pushed  into  a  space  which  is  too  sh<»rt 
accommodate  it. 

Relations. — In  front,  it  is  usually  in  contact  with  the  aMoniinal  wall,  but 
small  intestine  frequently  intervenes,  particularly  above  (Fig.  739).  To  its  in 
side  lie  the  coils  of  the  small  bowel  and  the  psoas ;  to  the  outer  side  is  the  lau 
wall  of  the  abdomen.  Its  posterior  surface,  which  is  free  from  jKiritoneum  a 
rule  (Fig.  742),  is  connected  by  areolar  tissue  to  the  iliacus  muscle  as  far  \\\ 
the  crest  of  tlie  ilium,  to  the  quadratus  lumborum  above  this,  and  finally  to 
lower  and  outer  part  of  the  right  kidney. 

In  the  great  majority  of  cases  only  the  tw^o  sides  and  the  anterior  surface 
covered  by  peritoneum,  the  posterior  surface  being  destitute  of  a  serous  coat  (1 
74l').  In  a  small  proportion  of  bodies,  however,  the  ascending  colon  is  pri.»vii 
with  a  comi)lete  peritoneal  coat  and  a  mesentery,  but  this  latter  is  so  short  tha 
admits  of  but  a  slight  amount  of  movement  in  the  gut. 

Likii  the  (.'leciuii,  the  asceudiiig  colon  is  frequently  found  distendetl  witli  gas  or  fivcw  a 
(li'alh,  hence  in  part  it^  large  size  and  pruininence  as  compared  with  the  descending  colon,  wl 
is  «^'uncrally  cniiJty. 

Hepatic  Flexure  (llexura  coli  dextra). — The  hepatic  flexure  is  the  bent  pi 
of  the  large  intestine  between  the  end  of  the  ascending  colon  and  the  beginn 
of  the  transverse  colon  (Figs.  758  and  769). 

When  the  ascAMuling  colon,  lying  on  the  front  of  the  kidney,  reaches  the  ud 
surfa(-e  of  the  liver,  it  bends — usually  acutely,  sometimes  obtusely — forwards! 
to  the  left,  and  on  reaching  the  front  of  the  descending  duodenum,  passes  into 
transversi^  coh^n. 

The  flexure  is  jdaced  between  the  descending  duodenum  internally  and 
lower  thin  margin  of  the  liver,  or  the  lateral  abdominal  wall,  externally;  altovi 
corresponds  to  the  cr)lic  impression  on  the  liver,  and  behind  it  rests  on  the  kidi 
Its  peritoneal  relations  are  similar  to  those  of  the  ascending  colon. 

Transverse  Colon  (colon  transversum). — This  is  the  long  and  arched  portioi 
tiie  Lirge  intestine  which  hes  between  the  hepatic  and  splenic  flexures.  It  l»ej; 
where  ili(i  colon  crosses  the  descending  duodenum  at  the  end  of  the  hepatic  flex 
(Fig.  TOO;.  From  this  it  runs  transversely  to  the  left,  and  for  the  first 
inches  is  comparatively  fixed,  being  united  to  the  front  of  the  descending  d 
denum  and  the  head  of  the  pancreas  either  by  a  very  short  mesentery  or  by  ar© 
tissue.     Immediately  beyond  this  a  long  mesentery  is  developed,  wMch  aUowa 
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Its  lenfjfh  is  usually  from  4  to  6  inches  (10  to  15  ciil),  and  its  width,  whidii- 
h'ss  tliJiTi  that  ol'  thi^  asct^ndiii^  colon,  ahout  U  inches  (37  mm.). 

Relations. — The  descending  colon  first  lies  in  contact  with  the  outer  asjiect  nt 
the  left  kidney;  luduw  this  it  is  placed,  like  the  colon  of  the  opiX)site  side,  in  tht^  anj- 
hi'tween  the  i)s<)as  and  quadratus  hnnhorum  muscles.  Behind,  it  rests  uimiq  lli*- 
InwiT  part  of  the  dijiphragni  ahove,  and  on  the  quadratus  luml.»orum  Inflow,  h 
fnnit  (and  scanewhat  to  the  outer  side  also,  except  when  the  howel  is  dist»'mW 
are  ])lae»d  nuniennis  coils  of  small  intestine,  which  hi<le  the  colon  completely  fmm 
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7»)0.      TmK  AnnOMINAI.  VlStKUA  AKTKIt  THE    REMOVAL  OK  TIIK  JEJUNTM    AND  IlEI'M    (froiii    .1    IilH>liiirr:.pl 

•  •f  th<'  >;uiio  IkhIv  as  <l»'i»i<'te<l  in  Kijr.  7'^10-  The  transwrse  colon  is  iimoli  moiv  repilnr  th.in  u*Vi,U. 
lioth  tlie  liver  ami  cu-cmii  exU-iul  lower  down  than  normal.  The  suMivisions  of  the  aUlomiual  tavi:j 
aiv  iiuli«:;ite«l  Ijy  dark  liiu-s. 

view,  and  compress  it  ai^'ainst  the  posterior  al)dominal  wall.     To  its  inn^r  s\d€  lir 
the  lower  part  of  the  kidney  aliove,  the  ps(vaR  l)eh)w. 

In  thi^  ^n-eat  majority  of  bodies  only  the  front  and  sides  of  the  desoendiri.. 
colon  are  covrrinl  l>y  peritcmeum  (Fi^;.  770);  the  ^losterior  surface,  Inniig  de^lituti 
of  a  stTous  (!oat,  is  c-onmu'ti'd  to  the  posterior  wall  of  the  aMomen  by  ariMila; 
tissue.  In  a  small  ]iroportion  of  ca.ses,on  tlie  other  hand,  the  serous  ci>at  is  cmiu 
jih'te,  and  the  colon  is  furnished  with  a  short  me8enter)\ 

Vy  to  tlh^  tmirtli  or  lit'tli  iiionth  of  Aotal  life  the  dowending  colon  ha*  a  coinplote  iiiveptnifii 
of  ju'iitoinMim  ami  a  lon^  inesiMitory.  After  the  fifth  month  the  mesentery  adheres  to,  and  h-' 
Mi-iids  with,  the  ]»aii»tal  jMTitoneum  on  the  jwsterior  altdominal  wall,  and  is  coinplftely  l«t  ;i 
a  niU'.  'J'lie  jK'rsi.stcnre  of  tliirt  mesentery,  m  a  greater  or  less  degree,  explains  the  occasions 
]»n-M'noe  of  a  (t»'>LViidiii^'  me.sorolon  in  the  adult. 

Sigmoid  Flexure  and  Rectum.— It  was  formerly  customary  to  divide  the  remaining  ]^r\w 
of  tlic  lai'i^^e  iiitrntiiie  into  Kigiiioid  ilexure  and  n^ctum.  Tlie  former  was  said  to  begin  at  rh 
riTst  of  ihr  ilium,  to  lit;  in  tlie  iliac  fossa,  and  to  end  at  the  brim  of  the  pelvis.  Or,  in  lau- 
yrai-s,  the  "sigmoid  rnhm'  was  desiiilKMl  as  "that  part  of  the  colon  which  is  attached  to  iL 
l«'ft  iliac  fossa,  fnmi  tlir  iliac  rn-st  to  tlie  brim  of  the  true  i)elvi8"  (Symington).  Its  upjierpar 
was  siii<l  to  be  coverxMl  by  j)eritoneum  on  the  anterior  and  lateral  surfaces  only,  it«  lower  par 
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on  its  anterior  and  two  lateral  surfaces.     Occasionally  (10  per  cent  of  cases)  it  is  com- 
pletely covered,  has  a  short  mesentery  (1  inch,  2  to  3  cm.),  and  is  slightly  moviilJr 

In  its  course  it  pa&ses  down  over  the  iliac  fossa  near  its  middle,  generally  forming  a  run- 
with  its  concavity  din^cted  inwards  and  upwards,  and  having  rebelled  a  point  H  or  2  indi^-  ; 
to  5  cm.)  above  Poupart's  ligament,  it  turns  inwards  across  the  psoas  towards  the  jH-dvic  ravity. 
Occasionally  the  iliac  colon  occupi(sj  a  lower  position  than  usual,  and  runs  along  the  det*p  Mirf«i.>- 
of  Poupart^s  ligament,  immediately  behind  the  anterior  abdominal  wall. 

Pelvic  Colon  (colon  pelvinum).  —  This  corresponds  to  the  portion  of  the 
"sigmoid  flexure"  which  lies  in  the  jxilvis,  together  with  the  so-willed  "  first  j»an  -f 
the  rectum."  The  pelvic  colon  is  a  large  coil  of  intestine,  which  l)egins  at  the  iniuT 
border  of  the  left  psoas  muscle,  where  it  is  continuous  with  the  iliac  c«dou.  aud 
ends  at  the  level  of  the  third  sacral  vertebra  by  passing  into  the  rtKitum  pn^j^r. 
Between  these  two  points  it  has  a  well-developed  mesentery,  and  forms  a  large  anl 
variously-shaix^d  coil,  which  usually  lies  in  the  cavity  of  the  i)elvis  (93  j»er  cent). 

Whilst  the  loop  of  the  pelvic  colon  is  very  irregular  in  form,  the  following:  may 
l>e  given  as  perhaps  its  most  common  arrangement.  Beginning  at  the  inner  njiirdri 
of  tlie  left  psoas,  it  first  plunges  over  the  brim  into  the  i)civis,  and  cro«s4?s  ihi^ 
cavity  from  left  to  right;  it  next  bends  backwards  and  then  rctiirns  alnn;r  ;;.. 
])()sterior  wall  of  the  pelvis  towards  the  middle  hne,  where  it  turns  d<»\vn  ami  }*;i>-^- 
into  the  rectum  (Figs.  769  and  770). 

Relations. — In  its  passage  into  the  pelvis  it  crosses  the  external  iliac  vcr»>-lv 
in  running  from  left  to  right  across  the  cavity,  it  rests  on  the  bladder  or  uttTi.r 
according  to  the  sex  ;  whilst  al)Ove  it  he  the  coils  of  the  small  intestine. 

It  is  completely  covered  l)y  peritoneum,  and  is  furnished  with  an  t^\tcii>iv. 
mesentery — the  pelvic  mesocolon — which  permits  of  considerable  movenu^nt. 

Sometinies,  when  longer  than  usual  (Fig.  770),  the  pelvic  colon,  in  retuniiug  fntui  tli»'  ri.':.: 
side  of  the  jielvis,  crosses  the  middle  line,  going  even  as  far  as  the  left  wall,  and  ihrii  luni- 
b.ick  a  second  time  towards  the  middle  of  the  sacrum,  where  it  joins  the  rectum  at  ihv  i>'..! 
level,  thus  making  an  S-shaped  curve  within  the  pelvis.  On  the  other  hand,  wluu  ti- 
luop  is  short  (a  not  infivijuent  occurrence),  all  its  curves  ai-e  abridged,  and  it  fail:*  to  ti- 
over  to  the  right  side,  but  runs  more  or  less  directly  Imckwards  after  ent<?ring  the  ptdvis. 

From  what  has  been  said  it  will  be  seen  that  the  loop  of  the  iHilvic  colon  i:*  sul.j^-.  t  t  • 
numerous  and  considerable  variations,  which  are  chiefly  dependent  upon  its  length  and  tlinT  =t 
its  mesentery,  and  also  upon  the  stiite  of  emptiness  or  distension  (»f  it^self  and  of  the  fitlu-r  i"--!' .; 
vi.scera.  When  the  intestine  is  long  the  loop  is  more  complex  ;  when  short,  more  sinijih*.  \\']\*-v. 
the  bladder  and  rectum  are  distemied,  or  wnen  the  pelvic  colon  itself  is  much  dintendol,  it  :« 
una)>le  to  tind  accommodation  in  the  true  pelvis,  and  consequently  it  paj^si's  up  into  ili- 
alKlominal  cavity,  almost  any  part  of  the  lower  half  of  which  it  may  occupy.  Hut,  a>  a\r^.^>\) 
stated,  in  the  great  majority  of  cases  (92  \}er  cent,  according  to  /onnesco)  it  i.-*  found  ali-'T 
dr-atli  lying  entirely  witliin  the  pelvic  cavity. 

In  length,  the  pelvic  colon  generally  measures  about  16  or  17  inches  (40  k' 
42-5  cm.),  but  it  may  be  as  short  as  5  inches  (12  cm.),  or  as  long  as  35  iutlii-:« 
(84  cm.). 

The  pelvic  mesocolon,  which  correspcmds  to  Ixjth  the  sigmoid  mesocolou  and  thi-  lu^-y-- 
rectum,  is  a  fan-shaprd  fold,  short  at  each  extremity,  and  long  in  its  middle  j)ortion  fFi^--'.  7».?.* 
and  770).  Its  root  is  attached  along  an  inverted  V-sha])ed  line,  one  limb  of  whicli  runs  u]»  rL-^ 
to  the  inner  border  of  the  left  psoas,  as  high  as  the  bifurcation  of  the  common  iliac  art»'r>-  t 
often  higher);  here  it  l)en<ls  at  an  acute  angle,  and  the  second  limb  descends  over  thr  M-rsI 
promontory  and  along  the  fi-ont  of  the  sacrmn  to  the  middle  of  its  third  pii^c^,  wh«-ro  th. 
mesentery  ceases,  iind  the  pelvic  colon  i)asses  into  tlie  i-ectum.  When  the  })elvic  ookai  as.v.ii* 
into  the  abdominal  cavity  this  mesentery  is  doubled  up  on  itself,  the  side  which  wa.^  nanira]!i 
l>OHterior  }>econiing  anterior. 

Intersigmoid  Fossa  (recessus  intersigmoideus). — When  the  jMslvic  colon  with  its  mesi'nv:*' 
is  raised  uj)waids,  a  small  orifice  will  usually  be  found  beneath  the  mesent«'ry,  corri-?]"»iii- 
ing  to  the  ap«*x  of  the  V-shaped  attachment  of  its  root  to  the  posterior  al»doTninaL  w.i!:. 
This  orifice  loads  into  a  fossa  which  is  directed  upwards,  and  will  often  a^lmit  the  U-t 
joint  of  tliL*  little  finger.  It  is  known  as  the  inter»ujrnoid  fomi,  and  is  due  to  the  iniivrfi.t 
bK'.uding  of  the  iiie.>entery  of  the  descending  colon  of  the  foetus  \*ith  the  parietal  jieritont^n:i- 
In  the  f(etiis  this  nie&entery  is  well  developed,  and  ext^'uds  from  the  n*gion  of  the  vertflira". 
column  out  towaixls  the  descending  colon.  After  a  time  it  begins  to  unite  with  the  underlyin:: 
jKirietal  peritoneum  ;  but  in  the  region  of  the  intersigmoid  fossa  the  union  its  rarely  jHrrfivi. 
lience  the  presence  of  the  fossci. 

In  the  child  at  birth  only  the  terminal  mrt  of  the  pelvic  colon  lies  in  the  p<*lviA  Thi- 
is  chiefly  owing  to  tlie  small  size  of  the  pelvic  cavity  m  the  infant  Beginning  at  the  eni 
of  the   iliac  colon,  the  pelvic  colon  genei-ally  arches  upwards  and   to   the   right   acntw  iLt 
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sacculatious,  too,  which  are  so  characteristic  of  the  large  intestine,  cannot  properly 
l»e  said  U)  be  present. 

The  rectum  begins  at  the  termination  of  the  pelvic  mesocolon,  namely,  about  the 
level  of  the  third  sacral  vertebra,  and  ends,  where  the  bowel  pierces  the  pelvic  flc-jr. 
opposite  the  lower  and  back  part  of  the  prostate  in  the  male,  or  at  a  point  li  inche? 
(3*7  cm.)  in  front  of,  but  at  a  lower  level  than,  the  tip  of  the  coccyx  in  Ijoth  seiei 
It  first  descends  along  the  front  of  the  sacrum  and  coccyx,  following  the  cur\e  of 
these  bones;  beyond  the  coccyx,  it  rests,  for  about  1^  inches  (3*7  cm.),  on  the  Utk 
part  of  the  pelvic  floor,  here  formed  by  the  union  of  the  two  levat«»re8  ani ;  mi 
finally,  having  reached  the  lower  part  of  the  prostate,  it  bends  rather  abruptly 


TiAt«^niI  inflexionn 


tTntH-r  rpctal  valve 


[jevator  imi 
Out  J  in*  of  empty  hitnUiiif 

(if  iirr)st:il"  Unrthni 

Ki«;.  772. — DisTKNDED  Rectum  in  situ. 
From  a  foniKilin-liardeiK-d  iiiiilc  IkhIv,  age  oG.  Tlie  peritoneum  and  extra-peritoneal  tissue  Lave  befiircmo^c^l. 
after  sawiuir  tlie  pidvis  along  a  plane  i>a.ssing  through  the  iipper  part  of  the  Jsymphysii*  pubis  in  frvi: 
and  tho  lower  pari  of  the  .•se.ond  saoral  vertebra  behind.  The  bladder,  which  was  empty  and  cniitnolt- 
has  also  been  remove.l.  but  its  form  is  shown  by  a  dotted  line.  The  rectum  was  very  much  di-teLJco„ 
anil  almost  couipletcly  oix-upiod  the  pararei:tal  fossa?. 

backwards  and  downwards,  and,  piercing  the  pelvic  floor,  passes  into  the  ana. 
canal  (ing.  774). 

Its  general  direction  is  downwards,  but  this  varies  at  its  two  extremities,  teiDj; 
downwards  and  backwards  above,  downwards  and  strongly  forwards  below. 

Curvatures.— The  rectum  is  far  from  straight,  notwithstanding  its  name, 
whicli  describes  its  condition  fairly  accurately  in  most  animals,  but  not  in  man,  in 
whom  it  is  curved  in  both  the  antcro- posterior  and  the  transverse  planes. 
\' lowed  //v///i  the  sUh^  it  forms  a  gentle  curve,  with  the  convexity  teck- 
wards,  which  extends  from  the  beginning  of  the  rectum  to  the  back  of  the 
prostate,  and  fits  into  the  hollow  of  the  sacrum  and  coccyx.  At  the  back  of  the 
])r()3tate  a  second  curve  is  formed  where  the  rectum  joins  the  anal  canal;  this 
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the  front  only;  su  that  the  greater  part  of  the  rectum 
pelvic  i>eritoneiiiii,  as  it  were,  and  is  capal>le  of  expau<liii| 
being  in  any  way  hampered  hy  its  partial  peritoneal  coat 

From  the  front  of  the  rectum  the  peritoneum  is  carrii 
the  bladder  in  the  male,  forming  the  tioor  of  the  recto-vei 
(excavatio  recto-vesicalis,  Fig.  823).     In  the  female  it 
of  the  posterior  wall  of  the  vagina,  forming  the  floor 
(excavatio  rectn-uterina  Douglavsi,  Fig.  818).     Whilst  at 
it  passes  from  the  front  of  the  rectum  on  to  the  ]>osterior 
the  bottom  of  a  large  f<;ssji,  seen  at  the  aides  of  the 
is  empty,  and   known  as  the   pararectal   fossa.      Witli 
encroached  upon  by  the  enlarging  bowel,  and  scxm  is  oblii 

The  level  at  which  the  reflection  of  the  peritoneum  ta 
the  rectum  is  of  considerable  practical  im])ortance  in  con 
this  region.    As  a  general  rule  this  reflection,  tliat  is,  the  1 
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Kxt«M-n.il  iliac 

Kxtonial  iliac^  yt^r-   ' 

ftltiTv""    ■^*i 


y     ObllU?rfl 
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Fn;.  773. — The  Peritoneum  ok  the  I>elvk!  C 

The  pelvis  was  sawn  airo.vs  obluiuely  iu  a  thin  mule  subject  aged  60.     Owini 

jM'lvir  organs  are  visible  through  the  peritoiieuin.  though  not  quite 

Tlic  bladder  and  rectum  are  both  empty  and  coutracted  ;    the  i>an 

result,  are  very  well  marked. 

pouch,  is  ])laced  at  a  distance  of  1  inch  (2-5  cm.)  alwve  t 
al)out  :^  inches  aijove  the  anus,  but  the  level  is  subject 
being  as  a  rule  relatively  much  higlier  in  well-developed  i 
whilst  it  IS  usually  lower  in  enuiciated  lx>die3,  owing  to  the 
forming  the  pelvic  floor. 

Tlie  Ixittoiii  gf  tliH  roclo-vfsiejil  f()ssa  m.iv  r»'jich  d»nvn  in  ftii  e: 
('2-ri  cm.)  of  tlu«  aims,  whil.<t  it  ir>  not  at  all  rare  U)  find  it  within  2  : 
on  tlie  otlier  hand,  it  may  ])0.  con-sideraldy  higher  than  normal,  80i 
tano**  uf  4  or  4 A  inches  (lOO  to  11-2  vm.)  fnjni  the  anusj.  It  should 
^'om-raliy  l«-lifvc(l  to  be  somewhat  rai&<'d  by  distention  of  the  ivci 
hy  irmptyin/,'  then-  vise  rra,  allhough  this  isVlenied  by  Jonnesc-o. 

In  thi*  child  at  Idrth,  the  peritoneum  extends  down  to  the  l)aj»t 
and  is  thus  lower  in  relation  to  the  bladder ;  but  this  may  Ixj  par 
/»OM*tir>n  of  this  organ  iu  tlie  dvild. 
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Ab  a  rule  it  will  be  found  that  2  inches  (5*0  cm.)  of  the  front  of  the  rectum,  exclusive  of  the  anal 
canal,  are  entirely  free  from  peritoneum,  and  it  is  this  and  the  adjacent  j>ortion  of  the  bowel  wliich, 
being  free  from  the  restraining  influence  of  the  peritoneum,  is  most  distensible,  and  is  known  as 
the  rectal  ampulla.  Including  the  anal  canal,  3J  inches  (8-7  cm.)  of  the  rectum,  vieasured  along 
the  front  of  the  tube,  have  no  serous  covering.  On  the  other  hand,  the  back  is  fi-ee  from  peri- 
toneum for  5  or  6  inches  (12*5  to  15*0  cm.)— or  sometimes  much  more — above  the  anus. 

It  is  also  of  interest  to  notice  that  the  connexion  of  the  peritoneum  to  the  rectum  varies  in 
its  character  at  different  parts  : — Above  and  in  front  it  is  closely  adherent,  and  can  be  i-emoveil 
only  with  the  greatest  difficulty ;  at  the  sides  and  below  the  connexion  is  much  looser.  As  a 
result,  the  peritoneum  can  be  stripped  off  the  rectum  in  its  lower  third  or  half  without  much 
difficulty,  whilst  in  ite  upper  portion  this  is  not  the  case — an  arrangement  which  admits  of  the 
free  expansion  of  the  rectal  ampulla. 

General  Relations  of  the  Bectum  (Figs.  771  and  772). — Behind,  the  rectum 
rests  on  the  front  of  the  sacrum  and  coccyx,  and  below  these  upon  the  posterior  part 
of  the  pelvic  floor — here  formed  by  the  meeting  of  the  two  levatores  ani  in  the  ano- 
coccygeal raphe.  When  much  distended  it  also  comes  into  relation  on  eacli  side  with 
the  lower  part  of  the  pyriformis  and  the  sacral  plexus.  The  bowel  is  separated 
from  these  stmctures  by  a  very  considerable  amount  of  connective  tissue,  arranged 
(apparently  in  several  layers)  around  the  tube.  In  this  tissue  the  two  chief 
branches  of  the  superior  haemorrhoidal  vessels  lie  behind  the  upper  part  of  the 
bowel,  but  lower  down  they  are  placed  in  relation  to  its  sides. 

At  its  sid^s  above  are  the  pararectal  fossae  and  their  contents  (pelvic  colon,  or 
ileum) ;  below  this  the  rectum  is  in  contact  with  the  coccygei  and  levatores  ani 
muscles,  which  rim  backwards  to  the  coccyx  on  each  side  of  the  bowel  The 
branches  of  the  superior  haemorrhoidal  vessels  are  also  found  running  down  on 
its  muscular  coat,  as  far  as  the  middle  of  the  rectum,  where  they  pierce  the  wall 
of  the  bowel 

In  front,  the  rectum  is  separated  from  the  bladder,  to  within  an  inch  of  the 
prostate,  by  the  recto-vesical  pouch  of  peritoneum,  which  usually  contains  some 
coils  of  small  intestine.  Below  the  reflection  of  the  peritoneum  the  front  of  the 
bowel  is  in  contact  with  the  base  of  the  bladder,  the  vasa  deferentia,  vesicuhe 
seruinales,  and  the  back  of  the  prostate  gland  (Fig.  772),  from  all  of  which  it  is 
separated  by  the  recto-vesical  layer  of  the  pelvic  fascia.  In  the  female  (Fig.  777) 
the  rectum  is  separated  from  the  posterior  surface  of  the  uterus  and  the  upper 
end  of  the  vaginfi  by  the  pouch  of  Douglas  and  the  intestine  which  it  usually 
contains.  Below  the  peritoneal  reflection  it  is  in  direct  contact  with  the  posterior 
vaginal  wall,  to  which  it  is  connected  loosely  above,  but  more  closely  below. 

The  lower  portions  of  the  rectum  and  bladder  in  the  male  are  separated  by  the 
recto-vesical  fascia  only,  over  a  narrow  triangular  area  which  measures  about  an 
inch  (25  cm.)  in  vertical  height.  The  base  of  this  triangle  corresponds  to  the 
reflection  of  the  peritoneum  from  one  organ  to  the  other,  and  the  apex  to  the 
base  of  the  prostate,  whilst  the  sides  are  formed  by  the  vasa  deferentia,  which  lie 
very  close  to  one  another  except  above,  near  the  l)ase  of  the  triangle,  where  they 
diverge  rather  abruptly  (Fig.  772).  Through  this  triangle  the  operation  of  tapping 
the  bladder  from  the  rectum  is  performed. 

The  vesiciila?  seminales,  unless  when  of  a  small  size,  slope  outwards  and  backwards 
round  the  front  and  sides  of  the  distended  rectum  (Fig.  772),  which  they  thus  embrace, 
as  it  were,  within  their  grasp. 

The  ureters,  as  they  run  inwards  towards  the  base  of  the  bladder,  lie  close  in  front  of 
the  vasa  deferentia,  and  are  not  far  separated  from  the  distended  rectum  (see  Fig.  772). 

The  portion  of  the  rectum  below  the  level  of  the  peritoneal  reflection  is  surrounded 
by  the  rectal  fkacia,  a  layer  of  connective  tissue  which  is  derived  from  the  visceral 
layer  of  the  pelvic  fascia. 

In  tlie  child  the  rectum,  or  at  least  its  upper  part,  is  relatively  larger,  and  it  pursues 
a  much  straighter  course  than  in  the  adult.  As  pointed  out  above,  its  peritoneal  covering 
likewise  descends  lower  at  birth,  and  reaches  as  far  as  the  base  of  the  prostate. 

THE  ANAL  CANAL. 

Anal  Oanal  (pars  analis  recti — third  part  of  the  rectum  of  the  old  descrip- 
tions).— In  order  to  reach  the  exterior,  it  is  necessary  for  the  low^t  e^\i<i  <^1  \X>l^ 
73  a 
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bowel  to  pierce  the  floor  of  the  pelvis.  This  it  does  by  pa 
interval  left  biitween  the  mesial  borders  of  the  levatore 
As  it  })as8es  between  them,  the  two  muscles  pinch  in  the 
tion  of  its  lateral  walls  obliterate  its  cavity,  reducing  it  tc 
This  passage,  through  which  the  rectum  communicates 
"  anal  canal "  (Symington). 

Furmerly  this  terminal  portion  of  the  tube  was  described  as  tli< 
and,  like  the  rest  of  that  bowel,  it  was  supposed  to  form  a  reser 
l'ijece,H.  Symington  pointe<l  out  that  this  was  not  the  case.  He  si 
of  tlie  same  nature  as  the  re<st  of  the  rectum,  but  that  it  was  a  mer 
liowel  discharged  its  contents,  the  relation  between  the  two  l>eing 
between  the  urethra  and  the  bladder  in  the  female.  It  is  proba 
rectum  is  distendwl,  the  upper  part  of  the  anal  canal  is  often,  if 
wi^lge-shaped  lower  end  ol  tlie  contained  faecal  mass,  whilst  the  < 
Kupiwrtedby  the  rectal  valves  and  the  levatores  anL 

The  anal  canal  begins  where  the  rectum  proper  tei 
level  of  the  levatores  ani  muscles,  opposite  the  lowe 
When  the  distended  rectum  is  cut  across  near  its  lower  < 
and  the  cavity  examined  from  the  interior,  a  distinct  i 
inner  border  of  the  levator  ani  (pubo-rectalis,  or  sphincter 
each  side,  indicating  the  upper  limit  of  the  canal.  It  is  s 
also  be  felt  during  life  by  the  finger  introduced  into  the 
the  anal  canal  euils  at  the  anus,  or  anal  orifice,  by  opening 

Its  length  is  usually  from  1  to  li  inches  (2-5  to  3*7 
the  lx)wel  is  empty,  and  less  when  it  is  distended.     Its  i 
when  closed  varies  between  i  and  J  inch  (12  to  19  mm.). 

The  direction  of  the  anal  canal,  as  already  pointed  out 
wards,  often  forming  an  angle  of  nearly  45°  with  the  1 
usually  somewhat  nearer  to  the  vertical. 

Relations. — It  is  surrounded  by  both  the  external 
and  above  also  by  the  borders  of  the  levatores  ani,  t 
muscular  cylinder  around  it  (Fig.  771).  On  each  sidi 
rectiil  fossa  with  its  contained  fat,  which  allows  of  the 
during  the  passage  of  fieces.  Behind  is  placed  a  mass 
muscular  tissue,  known  as  the  ano-coccygeal  body  (Symi 
1  Kit  ween  it  and  the  coccyx.  Finally,  in  front,  it  lies  clo8( 
urethra  and  the  base  of  the  triangular  ligament  in  the 
urethra  can  be  easily  felt  by  the  finger  introduced  into  th 
in  thin  l»odies.  In  the  female  it  is  separated  from  the  vaj 
mass  of  fatty  and  muscular  tissue  known  as  the  "  perineal 

Structure  of  the  Rectum  and  Anal  Canal.— The  wa 
of  four  coats,  viz. : — 1.  The  outer  coat,  formed  in  part  of  pent 
and,  where  the  peritoneum  is  absent,  of  connective  tissue  whi 
several  layers.  In  this  connective  tissue  the  hsemorrhoidal  v< 
tlio  wall  of  the  tul>c.  In  it  also,  at  the  back  and  sides  of  the  r 
a  number  of  rectiil  lymphatic  glands. 

2.  Tlie  muscular  coat,  which  is  much  thicker  than  in  any 
tine,  is  composed  of  two  stout  layers  of  unstriped  muscle — an 
inner  circular — like  that  of  the  intestine  generally.  The  Ic 
present  all  round,  are  chieriy  accumulated  on  the  front  and  bac 
where  they  form  two  broad  bands ;  at  the  sides  they  are  re 
deepest  fibres  of  which  are  folded  in  and  take  pjirt  in  the  formi 

Where  tlie  rectum  pierces  the  lioor  of  the  pelvis,  the  outer  layer  c 
to  the  deeper  i)(»rti()u  of  the  levator  ani,  partly  by  tendinous  fil 
fihange  of  muscular  fibres,  between  the  levatores  and  the  muscuh 
interchange  of  fibrejj,  however,  is  denied  by  Peter  Thompson  and  ] 
tudinal  fibred  piiss  between  the  external  and  internal  sphincter  n 
to  j(»in  the  skin  around  the  anuA  The  folding  of  the  rectum  from 
is  brought  al)Out  and  maintained  by  the  shortness  of  the  fibres  of  tl 
(if  the  bowel. 

In  saggital  sections  of  the  pt^vis  near  the  mesial  plane  there  cai 
hand  of  re<I,  longitudinally -ari»T\geA,  m\wi.vL\ax  ^Xyrcft^vrhich  descenc 
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of  the  coccyx  to  blend  with  the  longitudinal  fibres  on  the  liack  of  the  rectum.     This  band  is  the 
recto-coccygens  muscle.     It  is  composed  of  striped  fibres  above,  but  becomes  unstriped  below. 

Some  unstriped  muscular  fibres  which  are  found  descending  in  the  subcutaneous  tissue  of  the 
lower  part  of  the  anal  canal,  to  join  the  skin  around  the  anus,  have  been  described  by  Ellis  as  the 
cormgator  cutis  ani  According  to  Roux,  they  are  some  of  the  longitudinal  fibres  of  tlie  rectum 
which  have  i>assed  through  the  internal  sphincter  to  tjie  submucous  tissue,  and  tlien  descended 
to  the  skin. 

The  circular  Jibirs  form  along  the  whole  length  of  the  tube  a  continuous  layer,  which 
is  doubled  inwards  to  assist  in  the  formation  of  each  rectal  valve,  and  is  thickened 
below  to  form  the  internal  sphincter  of  the  anus.  The  internal  sphincter  (sphincter  ani 
interniis),  as  just  pointed  out,  is  formed  by  a  great,  and  rather  sudden,  incrcfise  of  the 
circular  muscular  fibres,  which  begins  at  the  upper  end  of  the  anal  canaJ.  It  surrounds 
the  canal  for  about  an  inch  (2-5  to  30  cm.),  and  terminates  i  or  ^  inch  (6  or  7  nmi.) 
above  its  lower  aperture  (Fig.  775). 

3.  The  snbmncons  coat  is  composed  of  loose  areolar  tissue,  which  allows  of  a  free 
movement  of  the  mucous  layer  on  the  muscular  coat,  and  which  also  admits,  under 
certain  abnormal  conditions,  of  a  prolapse  of  the  mucous  membrane  through  tlie  anal 
orifice.     The  hacmorrhoidal  plexus  of  veins  is  contained  in  this  layer. 

4.  The  nincous  coat  must  be  considered  separately  in  the  rectum  and  anal  canal. 
That  of  the  rectum  is  redder  in  colour  than  the  mucous  membrane  of  the  colon,  jis  a  result 
of  its  greater  vascularity.  It  is  also  thicker,  and  owing  to  the  looseness  of  the  underlying 
submucosa,  is  thrown  into  numerous  irregular  rugse  when  the  rectum  is  empty;  these 
disappear  when  the  bowel  is  distended,  and  there  then  become  evident  three  (sometimes 
more,  sometimes  less)  crescentic  folds,  which  are  much  less  noticeable  in  the  empty  state, 
and  which  have  been  already  referred  to  as  the  rectal  valves.  Lymphoid  nodules  and 
glands  of  Lieberkuhn  are  present ;  but  these  latter  are  not  so  numerous  as  in  the  colon, 
although  their  calibre  is  greater. 

The  mucous  membrane  of  the  anal  canal  presents  in  its  upper  half  a  number  of 
vertical  ridges  known  as  the  columns  of  Morgagni ;  between  the  lower  ends  of  these  are 
found  a  series  of  small  semilunar  folds  which  are  disposed  horizontally  around  the 
passage  and  are  called  the  anal  valves  (Fig.  775).  Above  the  level  of  the  anal  valves 
the  canal  is  lined  by  a  modified  mucous  membrane  resembling  that  of  the  rectum  ;  the 
portion  below  the  valves  {i.e.  the  lower  12  to  16 
mm.  of  the  canal)  is  covered  by  modified  skin,  con- 
tinuous with  that  around  the  anus. 

The  mucous  membrane  f)f  the  rectum  presents  a 
characteristic  punctated  appearance,  which  is  due  to  the 
presence  of  a  considerable  numl)er  of  rounded  depres- 
sions, such  as  might  be  made  by  firmly  pressing  a  finely- 
pointed  i^ncil  against  the  membrane.  These  rectal 
pitSy  of  which  we  can  find  no  previous  description,  are 
tubular  in  form,  and  have  an  accumulation  of  lymj)lioid  > 
tissue  at  the  bottom  of  each  ;  the  whole  appearance  *' 
l)eing  such  as  might  V>e  i)roduced  if  a  sniaU  solitary 
glana  were  drawn  down  from  the  surface  into  tlie 
int4*stinal  wall. 

Rectal  Valves,  or  Valves  of  Houston  (pliccx^ 
transversales  recti). — These,  sometimes  termed 
the  valves  of  Kohlrausch,  are  crescentic  shelf- 
like folds  which  project  into  the  cavity  of  the 
rectum  ou  its  lateral  aspects  (Fig.  774).  They 
are  composed  of  an  infolding  of  the  mucous, 
submucous,  and  greater  part  of  the  muscular 
coats,  and  their  form  is  preserved  by  the  relative 
shortness  of  the  anterior  and  posterior  bands  of 
longitudinal  muscular  fibres.  They  are  pro- 
duced, as  pointed  out  above,  by  the  projection, 
into  the  interior  of  the  bowel,  of  the  creases 
on  the  exterior  wliich  result  from  the  lateral  infiections  of  the  rectum.  In  the 
majority  of  cases  three  are  present  (there  may  be  four,  five,  or,  it  is  said,  even 
more),  but  often  the  lowest  of  the  three  is  small  or  absent ;  or  all  the  valves  may 
be  ill-developed  and  indistinct.     When  mesial  sections  of  the  empty  rectum  are 


774. — DiAcKAM  UK  REcTrM,  showing 
Houston's  valves  in  inU*rior. 

The  diagram  is  a  reduced  tracing  of  Fig.  772. 
After  removal  of  the  prostate,  etc.,  un 
aperture  wa«  mwle  in  thf  anterior  wall 
of  the  rectum,  through  which  two  rectal 
valven  can  be  seen  corresponding  to 
lateral  inflections  on  the  extenor.  The 
levator  ani  is  also  shown,  and  its  relation 
to  the  l>eginning  of  the  anal  canal  is 
suggested. 
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oxainiuoil.  the  valvt-H  are  not  easily  seen,  as  they  tlien  project  l»ut  sligl 
and  are  almost  CMmipletely  liidden  amongst  the  numerous  rugte  of  tlie  nni 
coal.  Thin'  are  nmfst  evident  in  a  distended  rectum  which  has  been  harJi 
in  i>i(a\    tht^y  can  also  be  seen   during  life,  per  anvm,  with  the  aid  of  a  n 

spec  u  bun. 

A>  Ji  rule  two  valves  are  found  on  the  loft  and  one  on  the  right  side;  this  lull 
generally  the  largest,  and  is  situated  a  little  alM)ve  tlie  level  of  the  ]K.Titi»neal  refli-c 
viz.  3  or  :\\  inelies  (7")  to  ^'7  em.)  al)ove  the  anus  :  the  other  two  valves  jin.?  found  » 

1  to  li  inches  ('2')  u 
cm.)  higher  up  ami  1 
down  res |  uret i  vel y .  Th i •  v 
are  distinctly  niarkcH-1  ii 
fa?tu.s(see  Kiir.  77'>),Jind 
to  con.stitute  an  essential 
of  the  hnniun  rectuui. 
use  heiiiir  to  snpjMirt 
contents  of  the  rectum,  v 
they  break  u])  illto^el:nl 
each  HUp]H>rted  bv  a  i 
(seep.  lOSD).  They  an- 
to  interfere  sometimes 
the  intiixlnction  of  an  ei 
tuhe. 


oii^itiiili^ial 
film-*  itt 
K-ctLkm 


!♦•  valor  iinr^i 

Illtfn.:il.'-^  I 


Anal  ratjaJv 


-  \ii;il  val\i'»i 


The  reitum  in  aiii 
^'i-nerally  is  iVtM-  fnim 
lati-ral  inth'etion>  fK->'i 
alM»Vf,  and  tin-  i-iinditi>»ii  i 
in  man  is  rvi«h-ntly  an  .nl: 
tion  to  the  en -it  attitiulr. 
([u;ulni}ieds  the  i-fintciit?' n 
ivctum  do  not  i»ress  nuiln! 
the  .•4]»hincler,  owin^'  ti. 
linii/niit.il  jMisiiidii  of  thr  ImkIv.  Willi  the  {is.sunii)tiun  »»f  tlie  erect  attitude,  on  thi*  itlln-r  I 
tin-  whulc  wriLTJil  nf  tin-  c.'nni«-nl>  wouM  he  llimwn  on  the  sphinctei-s,  wen*  it  not  fi»r  tin-  );i 
fnl(liii«r.s  ;iiul  tiif  result  in*'  shelves. 


Fn..  775.     TiiK  I.ntkui«ih  ok  thk  Axal  <!axal  ano  Lowku  Taut 
OK  UKiirM, 

Showing  the  (•oliiums  of  M»ir;:;ii;ni  iunl  llu*  niial  valves  lii-tweeii  their 
lower  vinls.  Tlie  troliiiiiiis  wiTf  more  uuiiicroii.<)  in  this  sjK'oiiiu*n 
tlnn  le-iiul. 


Columns  of  Morgagni  (columme  recti  Morgagni). — The  mucous  niembrai 
the  anal  canal  ])resents,  in  its  upi)er,  and  part  of  its  middle  thirds,  a  nunilier  ( 
10)  ui'  ji'/'i/Kf/nuf  vertical  folds,  separated  hy  grooves,  and  known  as  tlie  columi 
Morgagni  (Kig.  77r>;.  They  are  usually  J  to  \  inch  (8  to  12  mm.)  iu  length, 
\  ineh  .*)  to  <)  nun.;  in  width,  an*!  they  extend  down  to  within  h  or  j|  inch  (1 
7  nun.;  of  the  anal  aperture.  They  are  formed  by  infoldiugs  of  the  mu< 
nieniljrane,  ctmtaiiiing  in 
their  interior  some  un- 
slripcd  muscle  ilerivt^l 
from  the  muscularis 
mucosa*,  an^l  also,  as  a 
rule,  an  artery  and  a  vein. 

Very  often  theeontaineil 
vein  presents  an  enlar;,^'- 
meut,  <»r  a  knoh-like  tor- 
tuous |»lexus  in  the  lower 
part  of  the  eolvnnn  :  l.»elow 
this  the  {)lexus  is  enntinueil 
(h)wn  heneath  the  mucous 
membrane  of  the  lower  zone 
of  the  anal  canal  into  the 
anal  veins  (see  j>.  lOl^r)).  This  portion  has  accr)rdingly  been  dcseribotl  as  the  ha* 
rhoiilal  zone  of  the  anal  canal.  Sometimes  the  columns  of  Morgagni  are  very  indisti 
oceasionally  no  tiiiee  of  them  can  be  found,  although  in  the  fa^tus  (Fig,  7^6)  the; 
usmillv  well  marked. 


Fk;.  770. — Tmk  Anai.  Canal  axi>  I^»wki{  Pakt  ok  F{e(ti'm  in  i 
Fitxrs. 

.\.  ai^nl  1  to  (t  months  ;  ]{.  (>  months  ;  aiul  C,  9  inouths.  In  «.ioh  lh( 
cjiiKil  is  ilistiiu'tly  markril  oil'  from  the  rvotum  jiropcr  ;  tho  cohui 
Moigaj^iii  :uul  tin*  n-ctal  valves  are  distiuct.      R.V,  Keiaal  valve*. 


THE  ANAL  CANAL.  1095 

Anal  Valves  (of  Morgagni). — If  a  probe  be  passed  downwards  along  the 
groove  which  separates  two  adjacent  columns  of  Morgagni  (Fig.  755),  its  point 
will  usually  catch  in  a  small  crescentic  fold  which  joins  the  lower  ends  of  the  two 
columns.  These  little  folds,  which  resemble  in  miniature  the  segments  of  the 
semilunar  valves  of  the  heart,  are  the  anal  valves.  They  project  inwards  and 
upwards,  and  behind  each  is  found  a  little  pocket-like  Binns  (sinus  rectalis). 

These  valves  were  first  described  by  Morgagni.  Recently  the  view  has  been  advanced  by 
Ball  that  they  are  the  remains  of  the  embryonic  cloacal  or  anal  membrane  ;  and  he  exulains  the 

E  rod  notion  of  "painful  fissure  of  the  anus"  by  the  tearing  down  of  one  of  them  during  defjecation 
y  hardened  masses  of  faeces. 

The  epidermis  is  continued  in  a  thin  and  modified  form  from  the  exterior  up  along  the  anal 
canal  as  far  as  the  margins  of  the  anal  valves ;  and  the  view  is  pretty  generally  held  that  only 
this  lower  portion  of  the  anal  passage  is  formed  from  the  proctodseum  in  the  embryo.  The 
junction  of  the  skin  with  the  mucous  membrane  is  indicatea  by  a  fine  wavy  line  ("white  line" 
of  Hilton — ano-cutaneous  line  of  Hermann)  which  runs  around  the  bowel  at  the  level  of  the 
valvea  The  mucous  membrane  of  the  region  immediately  above  the  anal  valves  is  of  a  more  or 
less  transitional  nature ;  glands  are  absent  from  it,  and  over  the  columns  of  Morgagni  it  is  said 
to  be  covered  with  stratified  epithelium,  the  superficial  cells  of  which  are  flattenexi,  whilst  in  the 
Ij^rooves  between  the  columns  the  epithelium  is  columnar.  In  the  upper  zone  of  tlie  anal  canal 
the  mucous  membrane  gradually  approaches  to  the  rectal  type,  but  tne  Lieberkiihn's  glands  and 
lymphoid  nodules  are  few  and  scattered. 

Anns  or  Anal  Orifice. — At  the  inferior  aperture  of  the  anal  canal,  the 
modified  skin  of  its  lower  zone  passes  into  the  ordinary  skin.  A  little  way 
outside  the  orifice,  hairs,  sebaceous  glands,  and  large  modified  sweat-glands 
(glandulse  circumanales)  appear. 

Action  of  the  Sphincters. — In  connexion  with  the  anal  canal  are  found  three  muscles — 
namely,  the  paired  levatores  ani,  the  external  sphincter,  and  the  internal  sphincter — the  action 
of  which  may  be  briefly  referred  to  here. 

Levator  Ani. — The  fibres  of  the  levator  which  arise  from  the  pubis  (pubo-coccygeus  or 
sphincter  recti  portion)  pass  backwards  on  each  side  of  the  b^inning  of  the  anal  canal,  and,  in 
great  part,  meet  behind  the  passage.  These  two  muscular  banas — ^which  are  but  a  little  distance 
apart  at  their  origin,  and  are  actually  imited  behind  the  bowel — are  closely  approximated 
during  the  contraction  of  the  muscles,  like  the  limbs  of  a  clamp,  and,  pressing  on  the  sides  of  the 
anal  canal,  they  assist  in  closing  the  upper  part  of  that  passage,  whilst  at  the  same  time  drawing 
it  slightly  towards  the  pu)>e8.  There  is  little  doubt  that  the  levator  ani  in  this  way  acts  as  one 
of  the  chief  sphincters  of  the  bowel ;  and  it  should  be  noticed  that  it  is  placed  where  its  action 
would  be  most  effective,  namely,  opposite  the  point  at  which  the  rectum  is  narrowed  or  "pinched 
in  "  to  form  the  anal  canaL  In  addition  to  its  sphincter  action  the  muscle  supports  the  expanded 
bowel  immediately  above  the  anal  canal,  and  in  this  way  sustains  the  weight  of  the  fsdcea  when 
the  rectum  is  distended.  It  is  probably  relaxed  during  defsecation,  except  perhaps  at  the  com- 
pletion of  the  act     The  muscle  is  under  the  control  of  tne  will 

The  external  sphincter  forms  a  muscular  cylinder  around  the  lower  two-thirds  of  the  anal 
canal,  with  (except  in  the  case  of  some  of  its  inner  fibres)  an  anterior  and  a  posterior  attachment. 
When  the  muscle  contracts,  its  fibres  are  tightly  stretched  between  its  two  attachments,  and  the 
space  between  them  is  reduced  to  a  narrow  antero-posterior  slit  By  this  action  the  anal  canal  is 
flattened  from  side  to  side  and  closed,  so  that,  whilst  the  levator  ani  is  the  sphincter  of  the  upper 
aperture  of  the  anal  canal,  the  external  sphincter  closes  its  lower  and  greater  part  It  is  unaer 
the  control  of  the  will,  but  under  ordinary  circumstances  it  is  in  a  state  of  tonic  contraction. 

The  internal  sphincter  is  merely  a  thickening  of  the  circular  muscular  coat  at  the  lower  end 
of  the  bowel  It  is  continuous  with  the  circular  fibres  of  the  gut,  not  only  in  «tructure,  but 
probably  also  in  action,  its  chief  use  bein£^  to  empty  the  anal  canal  completely,  after  the  passage 
of  each  faecal  mass.  Owing  to  the  fact  tnat  the  canal  is  an  antero-posterior  slit,  not  a  circular 
orifice,  and  that  the  internal  sphincter  forms  a  muscular  ring  around  it,  acting  alone,  it  is  scarcely 
competent  to  keep  the  sides  of  the  canal  in  apposition,  and  probably  it  acts  ratlier  as  a  detrusor 
than  a  true  sphincter  of  the  anal  passage. 

VesseLl. — The  rectum  and  anal  canal  receive  their  blood  supply  from  three  chief  sources, 
namely,  the  three  hsemorrhoidal  arteries;  to  these  another  less  important,  tliough  constant, 
source  may  be  added — the  middle  sacral  artery. 

1.  The  superior  hsmorrhoidal,  the  principal  artery  of  the  rectum,  is  the  prolongation  of  the 
inferior  mesenteric  trunk  (Fig.  634,  p.  840).  At  first  it  descends  in  the  root  of  the  pelvic  meso- 
colon until  the  rectum  is  reacYied.  Here  it  divides  into  two  chief  branches  wliich  run  downwards 
and  forwards  around  the  sides  of  the  rectum — the  richt,  usually  the  larger,  lying  more  behind, 
the  left  more  to  the  front,  and  the  two,  as  it  were,  embracing  the  bowel  bJetween  them  (Fig.  771). 
From  these  two  arteries  come  off  secondary  branches  (about  five  to  eight  in  all),  which  pierce  the 
muscular  coat  about  the  middle  of  the  rectum,  and  then  descend  in  the  submucosa  as  a  series  of 
longitudinally -running  "  terminal  branches  "  as  far  as  the  anal  valves,  above  the  level  of  which 
one  is  usually  found  beneath  each  column  of  Morgagni.  These  terminal  branches  give  off 
numerous  twigs  in  their  course,  which  form  a  hsemorrhoidal  plexus  in  the  submucosa  by 
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aiiaritomoshi*,'  with  one  another,  and  also  with  branches  of  the  middle,  and,  in  the  lowtrr  part «. 
tlui  bowel,  of  the  inferior  hajmorrhoidal  artery. 

±  The  middle  hemorrhoidal  arteries,  two  in  number  —  one  on  each  side  —  are  umm:; 
bi-ancht^a  of  tliu  anterior  division  of  the  internal  iliacs;  they  run  down  on  the  riiil*^  wall  . 
the  lowtr  jiart  of  the  rectum,  and  after  giving  off  branches  to  the  bladdt-r,  s«-niiiial  Vi■^;^  ■- 
prostMe  (or  va;^'ina,  acconling  to  the  sex),  eacli  breaks  up  into  four  or  livo  sniiill  bram  Iif->,  ^.•u. 
of  which  supply  tlie  muscular  wall  of  the  lower  part  of  the  rectum,  whilst  the  otluTs  i»icr-i-  -.1 
niusiiular  coat  near  the  ui)per  end  of  the  anal  canal,  and  join  in  the  submucoj^'i  with  tut  pKxi 
formed  by  the  superior  hiemorrhoidal  artery  already  descril^ed. 

3.  Tlie  inferior  hemorrhoidal  arteries,  generally  two  or  thrive  in  number  on  t-ach  side,  ari 
at  variable  levels  fi-om  tlie  iutenial  pudic  arteries,  wliilst  these  latter  are  sitiiat^.-d  on  the  o;r 
side  of  the  ischio-rectal  fossic.  They  pass  inwaixls  and  dowuwaitls  through  the  Un  in  il 
foisSie,  and,  near  tlie  wall  of  the  anal  canal,  break  up  into  branches,  soniu  of  wliieh  are  di>ii 
buted  to  the  levatores  ani  and  the  sphincters,  whilst  others  piei-ce  the  sphim.t+irs  antl  break  up 
the  submucusa  into  a  close  network  which  supplies  the  lower  part  of  the  anal  canal,  and  o>r 
municates  above  with  the  plexus  formed  by  the  superior  and  middle  hieiuorrhoiiial  arteri^ 
The  inferior  hiemorrhoidal  artery  is  distribuUd  chiefly  on  the  back,  and  the  middle  hifnidrrh-ii 
chieily  on  the  front  of  the  lower  part  of  the  boweL 

4.  One  or  more  small  l)ranches  of  the  middle  s&cral  artery  reacli  the  l)«ick  of  the  rettu] 
where  they  are  distribut^'d  chiefly,  if  not  solely,  to  the  muscular  coat^ 

Anastomosis  of  the  Hemorrhoidal  Arteries.— The  superior  and  middle  hseuiorrlK'iilal  art>ri 
anastouK^e  freely,  not  only  in  the  hsemorrhoidal  plexus  of  the  submucosa,  but  also,  a,*  a  rub-. ' 
a  few  largi;  branches  on  the  exterior  of  the  bowel :  some  perforating  bmnches  of  the  mil-: 
sacml  also  join  the  plexus  in  the  submucous  layer  at  the  lower  part  of  the  rectum,  as  do  nunu-in 
small  bninches  from  the  inferior  haimorrhoidal  arteries  which  pierce  the  sphincters,  lu  addiii-. 
small  branches  of  these  several  arteries  unite  with  one  another  in  the  muscular  coat.  It  shut 
be  remarked  that  the  superior  haimorrhoidal  artery  supplies  both  the  muscular  and  niuto 
coats  above,  whilst  it  is  confine^l  to  the  latter  in  the  lower  few  inchei*  of  the  gut,  the  muw;'.K 
cuats  hei-e  being  supplied  by  the  middle  and  inferior  haemorrhoidal  vessels. 

Veins  of  the  Rectum  and  Anus. — These  form  two  chief  plexuses  of  large  ve-^sels  devi.iiJ 
valves,  namely,  the  internal  hiemorrhoidal  2)lexus  situated  in  the  submucous  coat,  and  t 
external  hiemorrhoidal  plexus  in  the  outer  coat  The  internal  hemorrhoidal  plexus  t^keft  uri^ 
near  the  margin  of  the  anus  in  a  number  of  small  (anal)  veins,  which  are  radially  disp^^ 
l>eneath  the  skin  of  the  anus,  and  communicate  below  with  the  rootlets  of  the  inferior  hitiuc 
rhoidal  vein  over  the  ext<irnal  sphincter.  These  anal  veins,  traced  upwards,  join  together,  ai 
are  joined  bv  othei's  from  the  surrounding  jmrts  to  form  larger  and  often  tortuous  vess4:ls,  wbi' 
a-^cend  in  the  columns  of  Morgagni,  wliere  they  fi-equently  present  ampullary  enlargenien 
varying  in  size  up  to  that  of  a  small  jxia,  which  are  said  to  be  the  8tarting-].>oints  of  hiemorrlioi' 
Passing  upwards,  the  veins  are  knowii  as  the  "terminal  veins"  ;  they  communicator  freely  wi 
one  another,  forming  the  jjlexus,  and  unit*j  into  still  larger  vessels,  which  pierc^i  the  miWr.l 
coat  about  the  middle  of  the  rectum,  and  join  the  two  branches  of  the  superior  hjoniorrhoidal  vti 

Fioni  the  lower  part  of  the  internal  haimorrhoidal  plexus  niunerous  vessels  j>asij  thK-ui 
the  external  sphincter  to  join  a  venous  network  on  the  outer  surface  of  that  musf.de,  fn 
which  the  inferior  hemorrhoidal  veins  arise.  This  network,  as  pointed  out  above,  also  O'l 
municates  with  the  internal  hiemorrhoidal  plexus,  thiough  the  anal  veins  which  descend  fr 
the  latter  l.)eneath  the  skin  of  the  anal  canal,  to  the  exterior  of  the  sphincter. 

The  various  veins  which  pass  out  through  the  walls  of  the  rectum  unite  fively  on  ; 
exterior  to  form  a  rich  venous  plexus  (external  hemorrhoidal  plexos),  through  which  tlie  tLi 
h;emorrhoidal  voftseb*  are  brought  into  free  communication  with  one  another.  Pai>sing  off  fix 
this  ])lexus,  the  superior  hemorrhoidal  vein  joins  the  inferior  mesenteric,  which  opens  into  t 
port.il  vein ;  the  middle  huemorrhoidal  joins  the  internal  iliac,  a  tributan'  of  the  vena  rav 
jind  the  inferior  haimorrhoidal  joins  the  internal  pudic,  a  tributary  of  the  internal  ili 
Thus,  on  the  rectum,  a  free  anastomosis  is  established  between  the  veins  of  the  jiortal  a 
syste.mic  circulations. 

Lymphatics. — Most  of  the  lymphatics  of  the  rectum  join  a  number  (four  or  five)  of  ni' 
glands  found  in  the  connective  tissue  coat  of  the  bowel  along  the  sujwrior  haMuorrboi' 
vein  and  its  two  branches,  whence  they  i)a8s  to  the  sacral  elands  on  the  fi-uut  of  the  sarru 
Some  {>(  Ihuse  from  the, lower  part  of  the  anal  canal  join  the  cutaneous  lymphatics  round  ! 
.inus,  and  pa>s  with  them  to  the  oblique  set  of  superficial  inguinal  glamls.  A  few  of  i 
lyni])liatii->  frum  the  lower  jvortion  of  the  rectum  are  said  (by  Quenu)  to  Join  the  internal  il 
glands,  but  these  are  inconstant  according  to  Gerota. 

Nerves.  The  nerves  uf  the  rectum  come  partly  from  the  8ymi)athetic  and  ]>art]y  from  1 
cerebro-spinal  .sy.-^tem.  The  sympathetic  fibres  are  derived  on  the  one  hand  from  the  infer 
mesenteric  plexus,  ;iud  on  the  other  fi-oni  the  right  and  left  divisions  of  the  hypogastric  j»lt3 
{i.e.  the  pelvic^  plexus<*s),  the  former  accompanving  the  sui)erior  hemorrhoidal,  the  latter  I 
middle  lijeniiirrfioidal  vessels,  to  the  rectum.  I'he  cerebro-spinal  fibres  arise  from  the  avco] 
third,  and  lourih  siicral  nerves  soon  after  these  leave  the  sacral  foramina  (and  constitute  i 
*'j»elvic  hphiiich nil's"  of  Ga^kell).  They  run  forward  in  the  pelvic  ctmnective  tisfiiue,  a 
joining  the  ]>el\  ic  plexuses,  i-Lach  the  si<le  of  the  rectum.  Fibres  of  the  inferior  ha*morrboi< 
bnuich  of  the  internjil  ])udic  nerve  (thiiti  ami  fourth  sacral) are  also  distributed  to  the  lower  p 
of  the  anal  ciiujil  as  well  as  to  the  external  sphincter. 

It  ha^s  been  shown  by  exjieriments  on  animaLs,  that  the  cerebi-o-spiual  nerves  (from  i 
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second,  third,  and  fourth  sacral)  convey  motor  impulses  to  the  longitudinal  fibref ,  but  inhibitory 
impulses  to  the  circular  muscular  fibres.  In  like  manner  the  branches  from  the  Bvm  pathetic 
convey  motor  fibres  (derived  from  some  of  the  lumbar  rami  communicantes)  to  tlie  circular 
muscle,  and  inhibitory  fibres  to  the  longitudinal  muscle  of  the  rectum. 

The  reflex  centre  which  governs  the  action  of  the  sphincters  and  the  muscular  fibres  of  the 
rectum  ("  defsecation  centre  )  is  situated  in  the  lumbar  region  of  the  cord,  and  appeai-s  to  be 
capable  of  carrying  out  the  whole  act  of  defaecation  even  when  sjjparated  from  the  lirain. 

Variations. —The  best  known  anomalies  found  in  connexion  with  the  rectum  are  those 
classed  under  the  term  imperforate  anus  or  atresia  ani  The  atresia  may  be  simply  due  to  a 
partial  or  complete  persistence  of  the  anal  membrane  (see  p.  46),  which  separates  the  procto- 
dseum  from  the  hind-gut  in  the  embryo  (atresia  ani  simplex) ;  or  the  hind-gut  may  be  deficient 
in  its  lower  part,  when  there  is  a  considerable  interval  oetween  the  proctodaiuni  and  the  gut 
(defectus  recti  partialis,  vel  totalis) ;  or  the  rectum  may  open  into  the  vagina,  the  uterus,  the . 
bladder,  or  the  ureters,  when  usually  no  anus  is  evident ;  or  finally  the  cloaca  may  persist. 
Other  forms  are  also  described,  but  the  foregoing  are  those  most  commonly  found. 

For  the  development  of  the  rectum  and  anus,  see  pp  33  and  45. 

THE  PERITONEUM. 

An  introductory  sketch  of  the  peritoneum  was  given  on  p.  1048  ;  subsequently, 
when  describing  the  abdominal  viscera,  an  account  of  its  detailed  relations  to 
each  of  these  was  included.  We  shall  here  consider  the  membrane  and  its  folds  as 
parts  of  one  continuous  whole ;  and  we  shall  also  describe  its  arrangement  as  seen 
on  horizontal  and  vertical  sections  of  the  abdomen — a  favourite  method  of  studying 
the  peritoneum. 

As  already  explained,  the  peritoneum  is  the  serous  membrane  which,  on  the 
one  hand,  Unes  the  abdominal  cavity,  and  on  the  other  forms  a  more  or  less 
complete  covering  for  the  contained  viscera.  The  portion  which  lines  the 
walls  of  the  cavity  is  known  as  the  parietal  peritoneum  (peritoneum  parietale), 
that  which  clothes  the  viscera  as  the  visceral  peritoneum  (peritoneum  viscerale). 
The  membrane  is  connected  to  both  walls  and  viscera  by  a  layer  of  areolar  tissue — 
the  extra  or  subperitoneal  connective  tissue — which  is  considerable  in  amount  in 
certain  regions,  whilst  it  is  reduced  to  a  mere  trace  in  others,  particularly  on  the 
viscera.    (The  subperitoneal  tissue  is  described  at  p.  1045). 

The  peritoneum  is  described  as  consisting  of  two  sacs — a  greater  and  a  lesser. 
The  former  Unes  the  greater  portion  of  the  abdominal  cavity,  and  invests  most  of 
the  abdominal  viscera ;  the  latter  Ues  chiefly  behind  the  stomach,  and  is  much  more 
restricted  in  its  distribution.  It  must  be  clearly  understood  that  these  two  sacs 
are  not  two  separate  cavities,  but  simply  subdivisions  of  one  great  cavity  ;  for  the 
lesser  is  merely  a  recess  of  the  greater  sac,  from  which  it  has  become  partly  shut 
off  by  changes  that  take  place  in  the  position  of  the  adjacent  viscera  during  their 
development.  If  the  great  sac  be  compared  to  a  bag,  the  lesser  sac  might  be  repre- 
sented as  a  pocket  lying  behind,  and  opening  into  it  by  a  narrow  orifice — the  foramen 
of  Winslow — on  its  posterior  wall. 

Speaking  generally,  the  great  sac  lines  the  walls  of  the  abdominal  cavity,  and  it  also 
covers  the  various  organs  which  receive  a  peritoneal  investment,  exccj>t  the  back  of 
the  stomach,  the  Spigelian  and  caudate  lobes  of  the  liver,  the  left  suj)rcireiial  capsule, 
the  upper  surface  of  the  pancreas,  and  also  parts  of  the  spleen,  left  kidney,  and  transverse 
colon  ;  all  of  which,  as  well  as  the  parietes  behind  the  Spigelian  lobe,  are  clothed  by  the 
small  sac. 

The  great  sac  of  the  peritoneum  is  placed  between  the  parietes  in  front  and 
the  abdominal  viscera  behind.  It  is  composed  of  two  layers,  an  anterior  which 
lines  the  anterior  abdominal  wall,  and  a  posterior  which  covers  the  viscera;  but 
this  posterior  layer  is  carried  forwards  by  the  viscera,  so  that  the  two  layers  come 
in  contact,  and  the  cavity  of  the  sac  is  practically  obliterated. 

The  anterior  layer  of  the  great  sac  covers  the  anterior  abdominal  wall  com- 
pletely, from  the  diaphragm  above  to  the  pelvis  below.  Over  the  greater  part  of 
its  extent  the  connexion  of  the  peritoneum  to  the  wall  is  by  a  small  amount  of 
flatty  extra-peritoneal  connective  tissue;  but  below,  near  the  pubie  region,  the 
fat  is  more  abimdant,  and  the  connexion  between  the  two  becomes  much  looser. 
This  is  to  allow  of  the  peeUng  off  of  the  peritoneum,  which  takes  place  here  during 
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distension  of  the  ])lad(ler.  As  the  bladder  enlarges  it  pa 
abdominal  wall,  off  which  it  strips  the  peritoneum,  so  tl 
condition,  it  may  be  in  contact  with  this  wall,  without 
toneum,  for  a  distance  of  two  inches  (5*0  cm.,  or  occasiona 
(Fig.  810). 

Running  up  in  this  fatty  tissue  are  found  five  cord-l 
in  the  middle  line,  and  two  at  each  side.  These  are  (a)  th 
the  allantois  of  the  fcietus — which  in  the  adult  is  a  slende 
to  the  umbilicus  above,  and  to  the  ai)ex  of  the  bladde] 
becomes  much  stouter.  External  to  the  urachus,  and  sc 
773),  will  be  found,  in  the  same  fatty  tissue,  (b)  two  i 
obliterated  hsrpogastric  arteries  (arteria3  umbilicales).  Ti 
become  more  slender,  and  approach  the  urachus,  along  ^ 
nected  to  the  umbilicus.  Below,  they  grow  thicker,  and  c 
along  the  side  wall  of  the  pelvis  to  the  internal  iliac  i 
(c)  Further  out  still,  the  deep  epigastric  arterieB  are  se( 
inwards  fr<jm  the  external  iliac  truuk  on  each  side. 

When  the  anterior  abdominal  wall  is  examined  froi 
that  tlicse  five  structures  which  lie  on  the  front  of  tl 
membrane  inwards  towards  the  abdominal  cavity  in  the 
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Fk!.  777.— Dia<ikammatic  Mksial  Skction  of  Female  Kody,  ^^  ^^^^  i 
to  show  the  peritoueuni  on  vertical  traciug.  Tlie  great  sac  mner  pa: 
of  the  peritoneum  is  black  and  'is  represent^l  as  being  SlXindUll 
much  larger  than  in  nature  :  the  small  sac  is  very  darkly  ^r  cmral 
sliatieil  ;  the  i>eritoneiim  in  .section  is  shown  as  a  white  as  the  f 
line  :  and  a  white  arrow  is  i)as.sed  through  the  foramen  uf  femoralii 
Win.slow  from  tlie  great,  into  the  small  sac.  vas  defe 

this  latl 
liyj)ogastric  artery  its  inner  part.  The  significance  of  tliose  foes 
with  the  applied  anatomy  of  tno  inguinal  and  femoral  regions. 

Near  the  middle  line,  above  the  umbilicus,  the  i>erito] 
the  anterior  abdominal  wall  and  diaphragm  to  the  pari 
the  form  of  a  cresentic  fold,  the  falciform  ligament  of  th< 
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forme  bepatis,  described  with  the  liver),  which  connects  the  liver  to  the  abdominal 
wall.  This  fold  lies  somewhat  to  the  right  of  the  middle  line,  and  extends  almost 
as  low  down  as  the  umbilicus.  It  consists  of  two  layers  of  peritoneum,  between 
which,  in  the  lower  border  of  the  fold,  runs  the  round  ligament  of  the  liver — the 
remains  of  the  umbiUcal  vein  of  the  foetus. 

Posterior  Layer  of  the  Great  Sac. — After  clothing  the  anterior  abdominal  wall,  in 
the  manner  just  described,  the  anterior  layer  of  the  great  sac  is  continued  back  on 
the  under  surface  of  the  diaphragm,  until  this  latter  begins  to  descend  behind  the 
liver,  when  it  is  reflected  from  the  diaphra;^m  on  to  the  upper  aspect  of  the  liver, 
and  here  the  anterior  passes  into  the  posterior  layer  of  the  great  sac.  The  ]>osterior 
layer  first  clothes  the  upper  aspect  of  the  liver,  then  turns  round  its  anterior  border, 
and  is  continued  back  on  the  under  surface  as  far  as  the  attachment  of  the  lesser 
omentum,  where  it  quits  the  liver  and  passes  down,  as  the  anterior  layer  of  the 
lesser  omentum,  to  the  lesser  curvature  of  the  stomach. 

The  line  of  reflection  from  diapliragni  to  liver  is  interrupted  near  the  mesial  plane  by  the 
falciform  ligament  The  portion  lying  to  the  right  of  this  fold  forms  the  upper  layer  of  the 
coronary  ligament ;  that  to  the  left  of  it,  the  upper  layer  of  the  left  lateral  ligament  of  the  liver. 

The  ext4?nt  to  which  the  peritoneum  of  the  great  sac  passes  back  on  the  under  surface  of  the 
liver  varies  according  as  it  is  traced  at  the  right,  the  left,  or  the  middle  j)ortion  of  the  liver.  It 
clothes  the  right  i)ortion  as  far  back  as  the  lower  edge  of  the  uncovered  area  of  the  liver,  where 
it  is  reflect^l  on  to  the  posterior  wall  of  the  abdomen  and  the  top  of  the  right  kidney  (constitut- 
ing tlie  he])ato-reiial  ligament),  as  the  lower  layer  of  the  coronary  ligament  On  the  left  portion 
it  is  continued  Ijack  as  far  as  the  posterior  border  of  the  left  lobe — or  even  a  little  way  on  to  its 
upper  surface  —  whence  it  passes  to  the  diaphragm  as  the  inferior  layer  of  the  left  lateral 
ligament  The  middle  region  of  the  under  surface  it  clothes  only  as  far  as  the  portal  fissure  and 
the  fissure  of  the  ductus  venosus ;  from  these  the  peritoneum  is  carried  down  as  the  anterior  layer 
of  tlie  lesser  omentum  to  the  lesser  curvature  of  the  stomach,  where  we  shall  return  to  it  directly. 

The  ]>eritoneum,  which  passes  back  on  the  under  surface  of  the  diaphragm  to  the  left  of  the 
liver,  is  continued  down  on  the  ixwterior  aMominal  wall,  behind  the  fundus  of  the  stomach  and 
the  spleen,  until  the  left  kidney  is  reached.  It  covers  the  upper  and  oufer  part  of  the  kidney, 
and  IS  then  carried  forward  as  the  lieno-renal  ligament  to  the  spleen,  around  which  it  passes 
— clothing  its  renal,  phrenic,  and  gastric  surfaces — as  far  as  the  nilum  (Fig.  779) ;  from  tliis  it 
is  carried  to  the  stomach  as  the  anterior  layer  of  the  gastro-splenic  omentuin.  Similarly,  the 
under  layer  of  the  left  lateral  ligament  is  continued  dovm  on  the  back  part  of  the  diaphragm  to 
the  GDsophagus,  the  anterior  and  left  sides  of  which  it  clothes.  It  also  forms  a  little  told  at  the 
left  of  the  cesophagiis,  known  as  the  gastro-phrenic  ligament  (see  p.  1057  and  Fig.  780). 

At  the  right  side,  the  portion  of  the  peritoneum  which  forms  the  under  layer  of  the 
-coronary  ligament  is  carrii^  down  over  the  right  kidney  (and  lower  part  of  the  suprarenal 
capsule)  to  the  duodenum  and  hejjatic  flexure,  over  both  of  which  it  passes. 

We  shall  now  follow  down  the  posterior  layer  of  the  great  Siic — which  we 
have  already  traced  to  the  stomach — as  seen  in  a  sagittal  section  (Fig.  770). 

Having  reached  the  lesser  curvature  of  the  stomach,  it  passes  down  over  the 
front  of  that  organ,  clothing  it  completely  as  fur  as  the  great  curvature.  From 
this  it  descends,  in  front  of  the  transverse  colon  and  small  intestine,  forming  the 
anterior  layer  of  the  great  omentum — a  large  apron-like  fold,  containing  the  lower 
part  of  the  small  sac  in  its  interior,  which  hangs  down  from  the  stomach.  Arrived 
at  the  lower  border  of  the  great  omentum,  the  membrane  returns  on  itself,  and 
passes  upwards  towards  the  posterior  abdominal  wall,  forming  the  i)osterior  layer 
of  that  omentum.  On  the  way  it  meets  and  passes  behind  the  transverse  colon, 
clothing  its  posterior  aspect  at  the  same  time  (Fig.  777),  and  is  then  continued, 
as  the  posterior  layer  of  the  transverse  mesocolon,  up  to  the  posterior  abdominal 
wall,  which  it  reaches  at  the  anterior  border  of  the  pancreas  (Fig.  777). 

From  the  anterior  border  of  the  pancreas  it  is  continued  downwards  again, 
clothing  first  the  lower  part  of  that  organ,  then  the  front  of  the  third  portion  of 
the  duodenum,  and  l^low  this  the  posterior  abdominal  wall  From  this  latter, 
however,  it  is  soon  carried  forwards  again  by  the  branches  of  the  superior  mesen- 
teric vessels,  pa&sing  to  the  small  intestine.  Kunning  out  along  these,  it  forms 
the  upper  (or  more  correctly,  the  right)  layer  of  the  obliquely-placed  mesentery 
(Fig.  777) :  on  reaching  the  small  bowel  at  the  border  of  the  mesentery,  it  invests 
that  tube,  giving  it  its  serous  coat,  and  then  returns — as  the  under,  or  left,  layer 
of  the  mesentery — to  the  posterior  abdominal  wall,  on  which  it  runs  down,  covering 
the  great  vessels  near  the  middle  line,  and  the  psoas  muscles  and  ureters  at  each 
side,  to  enter  the  pelvis.     The  mesentery  is  described  at  p.  1071. 
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Pelvic  Peritoneum. — The  detailed  arrangement  of  th 
cavity  is  somewhat  complicated,  and  is  fully  describee 
several  pelvic  organs.     A  general  account  will  suffice  hen 

Having  passed  over  the  brim  all  round,  it  enters  1 
walls  as  low  as  the  pelvic  floor,  across  which  it  pa8S< 
Behind,  it  invests  completely,  and  forms  a  mesentery  (j 
pelvic  colon,  as  far  down  as  the  third  sacral  vertebra, 
rectum  pro])er,  and  the  complete  investment  of  the  bowel 

As  the  end  of  the  pelvic  colon  is  approached  the  t 
become  shorter,  and  when  th(^  rectum  is  reached,  they  sepi 
surface  uncovered,  whilst  the  bowel  is  clothed  in  front  i 
down,  the  membrane  leaves  the  sides,  and  finally,  at  a  poi 
o  inches  (7*5  cm.,  see  p.  1089)  above  the  anus,  it  leavei 
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778. — The  Peritoneum  op  the  Pelvic  ( 


Tlie  pelvis  wa>i  <awn  across  obliquely  (as  in  Fig.  772)  in  a  thin  male  subject 
of  fat  the  various  pelvic  organs  are  visible  through  the  peritoneum 
represeutc'il  here.  The  bhul«ler  and  rectum  were  both  empty  and  coi 
rectal  fossiP,  as  a  result,  are  very  well  marke«l. 


and  in  the  male  is  carried  on  to  the  back  part  of  the  bla 
seminal  vesicles  and  vasa  delerentia),  forming  the  Hoor 
(excavatio  recto-vesicalis,  recto-genital  pouch)  found  b 
th^'u  covers  the  u])])er  surface  of  the  bladder,  and  passin 
walls  of  the  jvelvis,  constitutes  the  so-called  false  ligamenti 
apex  of  the  ]>ladder  it  is  carried  on  to  the  anterior  al>dom 
thus  forming  the  superior  or  anterior  false  ligament  of 
vesicalis). 

In  the  female  (Fig.  777),  tlie  ])eritoneum,  on  leaving 
posterior  wall  of  the  vagina,  tlie  ui)per  portion  of  which  i 
continued  up  over  the  ])Osterior  surface  and  fundus  of 
its  anterior  surface  as  far  as  the  junction  of  the  cervix  ai 
it  passes  from  the  uterus  to  the  bladder,  which  it  partly  i 
is  then  carried  on  to  the  anterior  abdominal  wall.  Be 
and  tlie  uterus  and  vay;\na  iu  tout,  is  situated  the  ik 
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berina  Douglasi,  recto-genital  pouch),  the  entrance  of  which  is  limited  on 

ie  by  a  fold  passing  from  the  cervix  of  the  uterus  around  the  sides  of  the 

towards  the  rectum ;    these  are  the  folds  of  Douglas  (plicae  recto-uterinse 

si,  recto-genitaP  folds),  and  they  contain  in  their  interior  the  ntero-sacral 

ts  (musculi  recto-uterini),  two  bands  of  fibrous  tissue  with  plain  muscle 

ntermixed,  which  pass  from  the  cervix  of  the  uterus,  backwards  on  each 

the  rectum,  to 
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779. — DiAORAMMATIC  TRANSVERSE   SECTIONS   OF   ABDOMEN,   tO    show   the 

peritoneum  on  transverse  tracing.  A,  at  level  of  foramen  of  Winslow, 
B,  lower  down.  In  A,  note  one  of  the  vasa  brevia  arteries  passing  to 
the  stomach  between  the  layers  of  the  gastro-splenic  omentum,  and  also 
the  foramen  of  Winslow  leading  into  the  lesser  sac  which  lies  behind  the 
stomach. 

re  the  bladder,  on  each  side  of  the  urachus,  is  found  the  internal  inguinal  fossa  already 
to  (j>.    1098).      Both  of  these  fossae  are  practically  obliterated  by  distension  of  the 

larly,  there  is  seen  at  each  side  of  the  empty  rectum,  on  the  posterior  pelvic  wall,  a  large 
3n,  which  may  be  known  as  the  pararectal  fossa  (fossa  pararectalis.  Fig.  778).  When  the 
is  empty  and  contracted,  these  fossae  are  filled  by  intestine ;  during  distension,  the 
ncreasing  in  width,  expels  the  intestine  and  practically  obliterates  the  fossae. 

insverse  Tracing  of  the  Peritoneiim. — If  the  peritoneum  be  followed  trans- 
around  the  abdomen,  just  above  the  level  of  the  iliac  crest,  where  the  com- 
>ns  produced  by  the  small  sac  are  absent  (Fig.  779,  B),  few  diflSculties  will 
mntered.  From  the  anterior  abdominal  wall  it  passes  round  on  each  side  to 
ik,  lining  the  lateral  and  posterior  walls.     Passing  inwards  on  the  poat^rioi: 
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wall,  it  mt'Cts  the  colou — ascending  on  the  right  side,  dei 
which  it  is  carried,  in  each  case  covering  the  bowel  in  f 
and  leaving  the  posterior  surface  hare,  as  a  rule.  Sonietii 
is  coniidcte,  and  a  short  mesentery  is  tbnned.  It  is  ne: 
the  i)soas  muscles,  the  ureters,  and  the  great  vessels,  on  t 
the  superior  mesenteric  artery  and  vein  running  dow 
From  both  sides  it  passes  forwards  on  these  vessels,  lb 
layers  of  the  mesentery;  and  finally,  having  reached  t 
completely,  and  tlu^  two  portions  become  continuous  on  t 

A  transverse  tracing  at  a  higher  level  would  inclu 
therefore,  be  well  to  study  this  portion  of  the  peritoneui 
tracing. 

Small  Sac  of  the  Peritoneum  (l)ur8a  omentalis).— 
out,  is  a  diverticulum  of  the  great  sac  which  lies  behind 
organs,  and  which  communicates  with  the  great  sac  hy 
foramen  of  Winslow.  If  the  great  sac  Ije  compared,  as  a! 
the  anterior  layer  of  which  clothes  the  anterior  and  lat 
and  the  ])osterior  layer  the  viscera  lying  on  the  posterior 
(.'orrespond  to  a  ])ocket  lying  y)ehind  the  upper  part  of  1 
into  its  cavity  by  a  narrow  mouth,  on  the  right  side,  ju 
this  opening  the  pocket  passes  to  the  left  behind  the  less 
s])leen,  u\)  behind  the  Spigelian  lol>e  of  the  liver,  and  < 
and  into  tin'  great  omentum. 

As  in  the  case  of  the  great  sac,  it  will  of  course  be  undei 
the  small  sac  and  the  boundaries  of  the  foramen  of  Winslc 
We  shall  first  consider  this  opening,  and  then  trace  the  1 

Foramen  of  Winslow  (Fig.  779,  A). — This,  the  constr 
from  the  great  into  the  small  sac  of  the  ])eritoneum,  is  foum 
l)ortal  fissure  of  the  liver  l>y  running  the  finger  along  the 
bljulder  towards  its  neck,  when,  with  little  difficulty,  ii 
margin  of  the  lessi>r  omentum  and  into  the  foramen.  It 
free  right  border  of  the  lesser  omentum,  passing  up  from  tht 
t(>  the  i>ortal  lissure,  and  containing  between  its  two  lay* 
artery,  and  bile  duct.  Bihiml,  lies  the  inferior  vena  ci 
peritoneum.  Ahoir,  is  placed  the  caudate  lobe  of  the  live 
l»art  of  the  duodenum,  and  the  hepatic  arter}',  the  latter  ri 
right  l>eneath  the  foramen,  before  turning  up  into  the  lei 
be  rememl.iered  that,  normally,  the  various  boundaries  of 
and  that  its  cavity  can  only  be  said  to  exist  as  such  whei 

If  we  follow^  the  small  sac,  in  through  the  foramen 
ex[»ands  immediately  beyond  this  narrow  opening  (Fig.  7' 
beliind  the  lesser  omentum,  and  running  up  Miind  the 
as  far  as  its  upi>er  end ;  and  its  lower  portion  i)assing 
and  on  into  the  great  omentum,  where  it  lies  in  front  of 
extends  practically  to  the  lower  margin  of  the  omentum— 
Ciinnot  as  a  rule  be  demonstrated  in  the  adult. 

As  the  small  Siic  is  com])Osed,  like  the  great,  of  two  < 
and  a  i>osterior,  it  will  l)e  necessary  to  follow  each  of  thei 
anterior  layer  of  the  small  sac  clothes  the  Spigelian  lobe ; 
the  posterior  margin  of  the  portal  fissure,  and  the  fissure 
the  lesser  curvature  of  the  stomach  as  the  posterior  la; 
Continued  on  from  this,  it  clothes  the  inferior  (or  viscei 
as  far  as  the  great  curvatun*,  with  the  exception  of  tht 
Ih'Iow  and  to  the  left  of  the  cardia  (Fig.  743,  B),  but  i 
in  contact  with  i\u)  <esoj)hagus  itself,  the  back  and  ri^ 
covered.  On  the  left,  it  is  reflected  from  the  back  of  thi 
the  dee]>er  layer  of  the  gastro-splenic  omentum. 

From  the  great  curvatunn  of  the  stomach  it  is  con 
/)osfcerior  layer  (of  t\\c  auteTioi  foVvi?)  ot  Uve  great  omenti 


THE  PEBITONEUiL 


1103 


tlie  oiuentum  it  meets  and  becomes  continuous  with  the  posterior  layer  of  the 


sac. 


of  1(1***  f 


The  posterior  layer  of  tlia  small  sac,  iu  imssing  through  the  foratiieii  of  Wiiislow, 
clptlies  the  frout  of  the  vena  tuiva  (Fig.  779,  A) ;  beyond  this,  it  covers  the  cceliac 
AXiB,  and  passes  up  to  hue  the  ahglit  depression  on  the  poaterior  ahdoininal  wall 
(diaphragm),  against  ^vhi^li  the  Spigehan  lohe  rests.  Then,  passing  over  to  the  left, 
itr  covers  the  upper  surface  of  the  pancreas,  tlie  top  of  the  left  kidney  and  suprarenal 
CAipsule,  and  the  inner  part  of  the  gastric  fiurface  of  the  spit  en  (Fig.  7^0).  From 
the  anterior  Lortlor  of  the  pancreas  it  is  prolonged  forwards  and  downwards — bb  the 
anterior  or  upper  layer  of  the  transverse  mesocolon — to  the  transverse  colon  (Fig.  777). 


*I&ft  ot  small  Aii^ 


rmtiCTitiiJii(ciit) 


L«ft  Idti'ml  tlj^iimQni;^  of  Ur«r 


f  «rt  ill  aiuaa 


I'imijju  «.*uUe  U^inent 


L«ft  frtkil  ofir/mMYmttti  n^emsxohm 
i^plentc  ftenire  of  colun 
'rniitVf'rae  irtiTAprnlnti  (cut) 
J  loot  of  tncwiitprj  fciil) 

Fm.  780,— TaK  Piurru^tEAL  RiLAtioNa  of  the  DroDENrM,  Pasciikas,  Si'lkms,  Kxokst^  ctcv 


1 1  next  clotlies  the  upper  aspect  of  this  gut,  and  is  then  continued  down  as  the  anterior 
lnyer  of  ttit*  posteriipr  fold  of  the  great  omentum,  almost  to  its  lower  l)order,  where 
it  liecoiiies  contiuuouji  w^ith  the  anterior  layer  of  tlie  small  sac,  already  descrihett 

The  transverBe  tracing  at  the  level  of  the  foramen  of  Winslow  is  shown  in  Fig, 
778,  A  J  and  can  he  easily  followed  without  any  further  description  than  is  there 
given. 

Thi*  ftillowjiig  mjflilional  delaili^  niiiy  W  mentitmwl  :^TIi«*  sumll  am:  i»  divide*!  l«y  a  coaBtnc- 
tUm  into  two  jmrlH-  au  iipjit^r,  lytng  btdiiiid  the  h'm*n-  orin.^nttuu  and  8pi|iehATi  lolx",  und  u  lowiT, 
pLiC4?il  Iwbiud  tjje  Dli'Ujadi  and  irilliin  lln^  gnnt  <>njeitt*iiij.  Tli*?  wnsiUuni'm  iwduLr  tu  Uiu  juji^Higu 
nf  tli^^  r4ii>nifir\'  mi*!  hi-imiic  (ir(Hri*^.H  ll^lwaT^l  JutKind  ilu'  hiw.  ;  t!iu  ronrH^r  wnids  ifMind  it^  Il4\ 
)*'uh\  thr  flitter  rijuiid  iti^  ni^hl  ;  n\u]  racli  ruisry  up  a  ftdd  of  ptTitnin^iim,  whicb  jnojcdj*  ^tmtigly 
into  tUt  jsiic,  Mid  jiartiatly  divides  it  into  two.  Tliin  aai  in*  ^liowu  by  tutting  tU(Oi'hHi'ruiin'iiliini 
alaDg  tht?  lc»er  curvature  of  tht;  etomacU  laid  ItMjking  iut**  the  cavity. 
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Where  the  small  sac  runs  up  behind  the  Spijjelian  lobe,  it  forms,  as  pointed  out  at  page  11 
ihu  left  boundary  of  the  uncovere<l  area  of  tlie  right  lobe,  and,  consequently,  a  third  or  left  h 
of  the  coronary  ligament. 

A  special  diverticulum  of  the  small  sac  runs  out  to  the  right,  behind  the  beginning  of 
(luixienum,  to  clothe  the  l);ick  of  that  tube  for  about  an  inch  (Fig.  780). 

The  splenic  arti^'ry  reaches  the  spleen  by  passing  to  the  left^  1)ehind  the  posterior  layt-r  of 
small  nac,  which  also  extends  to  tliat  organ  (Fig.  779,  A). 

The  lesser  omentum  is  described  at  page  1116;  it  need  only  be  pointed  ( 
now  that  it  is  composed  of  two  layers,  the  anterior  derived  from  the  great  s 
and  the  posterior  from  the  small  sac,  both  of  which  are  extremely  thin — sol 
times  even  cribriform. 

The  great  omentum  is  a  large  apron-like  fold  of  peritoneum,  usually  more 
less  loaded  with  fat,  which  is  suspended  from  the  great  curvature  of  the  stoma 
and  hangs  down  in  front  of  the  intestines  to  a  variable  extent.  When  theabdon 
is  carefully  opened  without  disturbing  the  viscera,  it  is  rare  to  find  the  gr 
omentum  evenly  spread  over  the  front  of  the  intestines.  More  commonly  it  is  folc 
in  between  some  of  the  coils  of  intestine,  or  tucked  into  the  left  hypochondriui 
or  i)erhaps  it  is  carried  upwards  in  front  of  the  stomach  by  a  distended  transve 
colon.  It  extends  between  the  great  curvature  of  the  stomach  above  and  1 
transverse  colon  below,  not  taking  the  shortest  course  from  one  of  these  to  the  oil 
but  hanging  down  as  a  loose  fold  between  the  two.  The  lower  part  of  the  sm 
sac  is  continued  down  within  it  (Fig.  777). 

I'he  great  omentum  may  be  said  to  consist  of  two  folds,  each  formed  of  t 
layers,  one  derived  from  each  sac  of  the  peritoneum.  The  anterior  or  descending  f 
begins  at  the  great  curvature  of  the  stomach,  where  it  is  formed  by  the  meeting 
the  two  hiyers  from  the  superior  and  inferior  surfaces  of  that  organ  respective! 
from  this  it  descends  to  the  lower  border  of  the  omentum,  where,  turning  ba 
upon  itself  (Fig.  777),  it  passes  up  as  the  posterior  or  ascending  fold.  This  r« 
upwards  imtil  it  meets  the  transverse  colon ;  here  its  two  layers  separate  to  ench 
and  cover  that  colon — and  the  omentum  properly  so  called  ceases.  Its  two  lay€ 
liowever,  unite  at  the  upper  surface  of  the  colon  (Fig.  777)  to  form  the  transve! 
mesocolon,  wliich  is  contin\ied  upwards  and  backwards  to  the  anterior  border  of  t 
pancreas.  Here  the  layers  of  the  transverse  mesocolon  again  separate — the  upp 
derived  from  the  small  sac,  running  backwards  and  upwards  over  the  upper  surtf 
of  the  pancreas  to  the  posterior  abdominal  wall ;  the  lower,  derived  from  the  gK 
sac,  passing  downwards  along  the  back  of  the  abdomen,  as  already  explained. 

The  great  omentum  is  continuid  to  the  right  for  a  short  distance  (25  mm.)  along  the  lower  bon 
of  the  duodenum.  At  the  left  end  it  shortens  very  much,  and  is  directly  continued  into  i 
gastro-splenic  omentum  ;  the  spleen,  as  it  wei-e,  being  introduced  between  the  two  layers  instt 
of  the  a)lon. 

Functions  of  the  Great  Omentum.— Numerous  uses  have  been  assigned  to  the  g^ 
omentum  ;  the  chief  seem  to  l>e  :  (1)  To  act  as  a  movable  and  easily  adjustable  packing  mat«rri 
capable  of  filling  all  temporarily-produced  spaces  in  the  abdomen.  In  this  respect  it  may 
compared  with  tlie  Havei-sian  fatty  pads  in  joints.  (2)  It  probably,  to  some  extent,  prevents  t 
pa.s.^e  of  tlie  small  intestine  up  into  the  stomach  chamlx?r,  and  helijs  to  keep  them  fw 
getting  entangled  there.  (3)  It  is  a  stoi-ehouse  of  fat.  (4)  It  is  said  to  be  "  the  great  prutecl 
against  poiitoneal  infectious  invasions."  Being  freely  movable,  it  can  jwuis  to  almost  any  part 
I  lie  abdomen,  and  there  "build  up  barriers  of  exudations  to  check  infection  "  (Byron  Robuisui 

Mr.  Lockwood  has  made  the  interesting  ol.)servation  (in  connexion  with  the  contents  of  ht-mi 
that,  in  bodies  under  forty-five  yeai-s  of  age,  the  omentum  can  rarely  be  dravi'n  doift-n  below  i 
level  of  the  pubic  spine  ;  in  older  Ixxlies  the  reverse  is  the  rule. 

The  gastro-splenic  omentum  ia  a  short  fold  composed  of  two  layers,  the  anteri 
or  more  superficial  being  derived  from  the  great  sac,  the  posterior  or  deeper  from  t 
small  sac  (Fig.  779,  A).  It  is  attached  by  one  margin  to  the  wide  end  of  the  stoma 
(just  below  the  line  of  the  great  curvature),  and  by  the  other  to  the  gastric  surfa 
of  the  spleen  just  in  front  of  the  hilum.  Between  its  two  layers  the  vasa  bre\ia 
the  splenic  artery  pass  from  the  spleen  to  the  stomach.  Below  and  in  front,  i 
layers  are  continued  into  the  corresponding  layers  of  the  great  omentum ;  abo 
and  behind,  they  separate  at  the  "uncovered  area"  of  the  stomach  (Fig.  780). 

Minor  Folds  of  Peritoneum. — The  phreno-colic  ligament,  passing  from  t! 
s])lenic  flexure  of  the  colon  to  the  diaphragm  opposite  the  10th  or  11th  ribs,  h 
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been  described  in  connexion  with  the  splenic  flexure.  ITie  mesenterj'  of  the 
appendix,  and  the  folds  and  fossae  around  the  ileo-ca3cal  region,  are  included  in  the 
account  of  the  caecum,  as  are  those  around  the  duodenum  in  the  description  of  that 
viscus.  The  lieno-renal  and  hepato-renal  ligaments  have  been  referred  to  incident- 
ally above. 

Development  of  the  Intestinal  Canal  and  Peritoneum. 

As  already  explained  on  p.  32,  when  the  embryo  begins  to  take  definite  shape,  and  to 
be  marked  off  from  the  general  surface  of  the  blastodermic  vesicle  by  an  infolding  of  its 
margins — resulting  in  the  formation  of  the  cephalic  or  head  fold,  the  caudal  or  tail  fold, 
and  the  lateral  folds — a  portion  of  the  cavity  of  the  vesicle  is  cut  off  by  these  folds,  and 
more  or  less  completely  enclosed  within  the  body  of  the  embryo,  to  form  the  primitive 
Alimentary  canal  This  is  simply  an  imperfect  tubular  cavity,  sitmited  beneath  the 
notochord,  and  bounded  towards  one  end  by  the  head  fold,  at  the  other  by  the  tail  fold, 
and  at  the  sides  by  the  lateral  folds.  The  anterior  portion  of  this  cavity,  situated  within 
the  head  fold,  is  known  as  the  foregut,  and  from  it  are  developed  the  back  part  of  the 
mouth,  the  tongue,  pharynx,  oesophagus,  stomach,  and  the  greater  portion  of  the  duodenum, 
together  with  the  organs  formed  as  outgrowths  from  th(;se.  Similarly,  the  posterior  tubular 
portion,  contained  within  the  tail  fold,  constitutes  the  hindgut,  and  from  it  are  formed 
the  rectum,  except  its  anal  end,  and  a  portion  of  the  colon.  The  middle  division,  known 
as  the  midgnt,  gives  rise  to  the  rest  of  the  digestive  tube,  and  is  at  first  widely  open 
below,  where  it  is  continuous  with  the  cavity  of  the  yolk  sac.  Soon,  however,  it  is 
gradually  closed  in  by  the  approximation  of  the  four  folds  which  meet  around  the  margins 
of  the  umbilical  orifice,  and  the  communication  between  the  alimentary  canal  and  the  yolk 
sac  is  thus  reduced  to  a  narrow  passage — the  vitelline  or  viteUo-intestinal  duct.  This 
duct  joins  that  portion  of  the  primitive  tube  which  subsequently  forms  the  lower  part  of 
the  ileum,  and  a  remnant  of  it  is  sometimes  found  in  the  adult,  when  it  is  known  as 
Meckers  diverticuliiin  (see  p.  1073). 

At  tliis  stage  the  primitive  canal  has  the  form  of  a  nearly  straight  tube,  blind  at  both 
extremities,  and  conununicating  only  with  the  cavity  of  the  yolk  sac.  It  is  lined  through- 
out by  the  endoderm,  tlie  cells  of  which  form  the  epithelial  lining  of  th(»  adult  canal ; 
outside  this  it  is  invested  by  the  splanchuopleure,  or  splanchnic  layer  of  the  mesoderm, 
and  is  separated  from  the  somatopleure  or  body  wall  by  the  ccelom  or  body  cavity,  which 
later  on  gives  rise  to  tlie  pleural,  pericardial,  and  peritoneal  cavities  of  the  body.  At  the 
back,  the  splanclmic  mesoderm  which  surrounds  the  canal  passes  dorsalwards,  to  become 
continuous  with  the  general  mesoderm  l)eneath  the  notochord,  thereby  forming  a  fold 
which  connects  the  primitive  alimentary  tube  to  the  dorsal  wall  of  the  embryo,  and 
constitutes  the  primitivo  mesentery.  This  is  at  first  of  considerable  thickness.  At  a 
later  pericKl  it  becomes  reduced  to  a  thin  slieet  of  mesodermic  tissue,  covered  on  each  side 
bv  a  layer  of  flattened  endothelial  cells,  which  susj>ends  the  primitive  alimentary  canal 
within  the  iKxly  cavity  of  the  embryo. 

At  each  end  of  the  embryo,  an  ingrowth  of  tlie  ectodenn  tiikcs  place,  which  meets 
and  finally  becomes  continuous  with  the  correspond injjj  extremity  of  the  primitive  alimentiiry 
tube,  giving  rise  t<^)  the  mouth  and  anus  respectively.  The  former  of  these  ingrowths  is 
know^n  as  the  stomatodaeum,  and  from  it  is  formwl  the  epithelial  lining  of  the  vestibule  of 
the  mouth,  of  the  salivary  glands,  the  gums,  and  the  greater  part  of  the  nasal  cavity,  as 
well  as  the  anterior  lobe  of  the  ])ituitary  body.  From  the  other  ingrowth — tiie  proctodaeum 
— are  formed  the  anal  aperture  and  probably  the  anal  canal,  below  the  level  of  the  anal 
valves.  An  account  of  the  formation  of  the  mouth  and  the  anus  will  be  found  on  pages 
34,  38,  and  45. 

At  an  early  date  special  outgrowths  of  the  lining  endoderm  take  place  from  the 
portion  of  the  foregut  corresponding  to  the  future  dufKlenum.  From  these  diverticula 
the  liver  and  pancreas  are  formed :  the  former  grows  forwanls  from  the  gut,  wliilst  the 
latter  grows  backwards  into  the  dorsal  mesentery  (see  pages  1122  and  1129  n\spectively). 

The  primitive  alimentiiry  canal  is  now  a  tubular  cavity,  suspended  from  the  dorsal 
wall  of  the  embryo,  within  the  coclom,  by  a  simple  mesentery  (Fig.  781).  In  front,  it 
communicates  with  the  exterior  thnmgh  the  stomato<la3um  or  primitive  mouth,  and  in 
the  region  of  the  future  duodenum  the  liver  appe^irs  as  a  bifid  outgrowth,  followed  soon 
by  outgrowths  for  the  formation  of  the  pancreas.  Finally,  at  a  date  which  has  not  been 
precisely  determined,  the  anal  membrane  disappears,  and  its  posterior  end  conununicates 
with  the  exterior  through  the  proctodeum. 

Stomach. — ^Vs  early  as  the  fourth  week  tlie  foregut  exhibits  a  fusiform  enlargement 
74 
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ill  the  region  of  the  developing  heart,  which  is  the  first  evidence  of  the  diiferentiatioi 
the  stomach  :  this  enlargement  is  at  first  symmetrical,  and  mesially  placed.  Soou^  b 
ever,  as  the  diaphragm  is  heing  formed,  the  stomach  descends  into  the  abdomen,  and 
dorsal  wall — the  future  great  curvature — begins  to  grow  more  rapidly  than  the  veL 
wall.  As  a  result  the  whole  organ  becomes  somewhat  curved,  and  its  lower  tn* 
carried  forwards  from  the  posterior  abdominal  wall,  giving  rise  to  the  curvature  of 
duodenum.  The  excessive  growth  of  its  posterior  wall  causes  the  stoniach  to  tuni  • 
on  to  its  right  side,  which  now  becomes  posterior  or  dorsal.  In  this  rotation  its  upjK* 
cardiac  portion  moves  to  the  left  of  the  middle  line,  and  the  whole  organ  assume: 
oblique  direction  across  the  abdomen.  Already,  at  the  fifth  or  sixth  week,  the  adult  f 
of  the  stom.'ich  is  clearly  indicated. 

This  rotation  of  the  stomach  around  its  long  axis,  wiiich  is  accompanied  by  a  roia 
of  the  lower  end  of  the  oesophagus,  explains  the  unsymmetrical    position  of   the 
pneumogastric  nerves.     In  the  adidt  the  left  ner\e  is  found  on  the  front  of  the  stom 
which  was  originally  the  left  side  of  the  organ  ;  similarly,  the  right  nerve  lies  on 
hack,  which  was  originally  the  right  side. 

Intestines. — At  first  there  is  no  separation  into  large  and  small  intestines : 
primitive  canal  simply  forms  a  slcjnder  tube,  with  a  convexity  towards  the  umhi 
orificij,  through  which  the  vitelline  duct  passes  to  the  yolk  sac.  Later,  the  tu]>e  inert 
in  length,  and  in  embryos  of  II  or  12  mm.  an  outgrowth  of  the  canal  apix^ars,  w 
represents  the  future  ctecum,  and  indicates  the  separation  into  large  and  small  intesti 
(irowing  longer,  the  intestine  forms  a  large  loop  with  the  viteUine  duct  springing  f 
its  apex   (Fig.    781),   and    the  superior  mesenteric   artery  nmning    down    Ix^twet-n 

layers  of    its  mesent 
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At  the  same  time  the 
extremities    of    tlie 
approach     one    anot 
and  form  a  narrow  r 
to  the  loop,  as  showi 
Fig.    781.       There   i 
takes     place    a    cha 
which    entirely   mcid: 
the  position  of  the  p 
— this  is  a  rotation  of 
whole      loop,     with 
mesentery,    around 
sui)erior  raesentericari 
as  an  axis  (Fig.  782). 
result  of  this  rotatio 
that    the    original  ri 
side  of  the  loop  of 
and    mesc»ntery  Ixhx) 
the  left    side ;    and 

-Two  Dia«;rams  to  hxtsthate  the  Development  of  the        oeginning    of    the   \\ 
Intestinal  Canal.  mte«tnie  is  carried  ac 

Tlie  tij^urc  to  the  riglit  shows  the  rotation  of  the  intestinal  loop  round  the      i  l    •    •  k* 

sui»€rior  mesenteric  artery.     In  both  figures  the  parts  are  supposetl  to  be    ^^^^  explanimg  the 
viewed  from  the  left  side.*  Sage    of     the    durxlei 

l)ehind  tlie  trausv 
colon  in  the  adult.  At  the  same  time  the  crccum  comes  to  lie  near  the  middle  of 
abdomen  below  tlie  liver,  a  ]X)sition  in  which  it  will  be  found  during  the  third  uio 
SubsecpuMitly,  it  passes  farther  to  the  right ;  and  finally,  descending,  comes  to  occup' 
adult  position. 

The  small  intestine  continues  to  grow  in  length,  and,  as  a  result,  is  thrown  into  c 
which  become  more  and  more  complex  as  the  length  increases,  until  the  adult  condi 
is  attained.  The  terminal  portion  of  the  large  bowel  retains  its  position  on  the  left : 
and  passes  down  to  the  anus.  The  development  of  the  csecum  and  appendix  is  descr 
at  page  1078. 

Peritoneum. — At   first   the   primitive   alimentary  canal    is    suspended   from 
(lorsiil  wall  of  the  embryo,  along  the  middle  line,  by  a  simple  dorsal  mesentexy,  wl 
extends  along  the  whole  length  of  the  tube,  and  is  conmion  to  all  its  divisions — a  condi 
found  in  the  adult  stage  of  many  reptiles.     There  is  also  present,  in  the  upper  part  of 
cavity,  after  the  stomach  and  liver  descend  into  the  abdomen,  a  ventral  xnaaenteiy  (1 


Fig.  781.- 
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SI),  which  connects  the  stomach  and  duodenum  to  the  back  of  the  liver,  and,  passing  on, 

muects  the  front  of  the  liver  to  the  anterior  abdominal  wall.     The  portion  of  this 

antral  mesentery,  between  the  stomach  and  liver,  becomes  the  lesser  omentum ;  its 

aterior  portion,  between 

16  liverand  the  abdominal 

all,  forms  the  falciform 

gament  (Fig.  781) ;  and, 

I   its  lower  margin,   the 

mbilical  vein  runs  from 

\ie  umbilicus  to  the  liver. 
The    portion    of    the 

orsal  mesentery  lying  be- 

ind  the  stomach  is  known 

B  the  mesogastrium.     At 

rst  it  is  relatively  short ; 

ut   with    the   growth  of 

lie  posterior  wall  of  the 

bomach,  and  the  turning  mMeiiti'iy' 

f  that  organ  over  on  its 

ight    side,  the   mesogas- 

rium  becomes  elongated, 

nd    is  folded  on    itself, 

)rming  more  or  less  of  a 

ouch,  directed  downwards 

ad  to  the  left.     The  wall 

f  this  pouch  becomes  in 

art  the  great  omentum, 

ad  within  it  is  developed 

he  small  sac  of  the  peri- 

oneum.     In  the   rotation  of  the  stomach  and  the  accompanying  passage  of  the  lesser 

mentum  from  an  antero-posterior  to  a  more  or  less  transverse  direction,  a  portion  of  the 

avity  of  the  abdomen  is,  as  it  were,  caught  in  behind  the  stomach  and  lesser  omentum. 

i'his  portion  of  the  cavity  becomes  the  upper  part  (vestibule)  of  the  small  sac,  and  at 

first  it  communicates  with  the 
general  cavity  by  a  wide 
opening  to  the  right  of  the 
lesser  omentum ;  but  the 
growth  of  the  liver,  encroach- 
ing upon  the  opening,  and  other 
causes,  reduce  it  to  a  relatively 
small  size,  and  it  forms  the 
foramen  of  Winslow  in  the 
adult. 

The  great  omentam  is,  as 
pointed  out  above,  a  bag-like 
growth  of  the  lower  part  of 
the  mesogastrium,  which  passes 
downwards  and  to  the  left  in 
front  of  the  tnmsverse  colon. 
As  shown  in  Fig.  783,  A  and 
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The  ini4eiit«rj 
Mesentery  of  desoending  colon 

Fio.  782. — Two  DuoRAMS  to  illustrate  the  Development  of  the 
Mesenteries. 

In  the  first  figure  the  rotation  of  the  intestinal  loop  and  the  continuous 
primitive  mesentery  is  shown.  In  the  second  figure  (to  the  riglit), 
which  shows  a  more  advanced  stage,  the  portions  of  the  primitive 
mesentery  (going  to  the  ascending  and  descending  colons)  which  dis- 
appear, through  their  adhesion  to  the  posterior  abdominal  wall,  are 
shaded  dark  ;  the  portions  which  i)er8ist  are  lightly  shaded. 


Fig. 


783.— Diagrams  to  illustrate  the  Development  of  the 

Great  Omentum  (after  Hertwig).  t>    ..    .     /-  •     i 

,    ,                ,  .,          X         *          J   *   •  J  r.-«^««o-  «f  B>  it  IS  first  entirely  uncon- 

l   shows  the  hemnning  of  the  great  omentum  and  its  mdependence  of      '                 •.i  ^i        j. 

'      the  transveSe  mesocolon  ;i^B,  the  two  come  in  contact;  and  in  nected    With  the     tmnsvcrse 

U  they  have  fuHetl  along  the  line  of  contact     (According  to  Lock-  colon     and     mesocolon  ;     but 

woo«U  the  two  layers  of  the  fold  shown  in  A,  running  in  between  about     the    thin!     or     fourth 

the  Kreat  omentum  and  transverse  mesocolon,  instead  of  fusing  as  j^q^^i^    [^   becomes   united    to 

shown  in  B,  are  drawn  out— unfolded— producing  the  condition  «...,^:*:^„ 

shown  in  cT    A.  stomach  ;  B,  transverse  colon  ;  C,  small  intestine  ;  both,  aid   the  iidult  cond  tion 

1>,  duodenuHi  ;  E,  pancreas  ;  F,  great  omentum  ;  O,  placed  in  great  is  established  (r  ig.  783,  C). 

sac  ;  U,  in  small  sac  of  peritoneum.  .,    .    ., 

It  would    appear    that  the 

TTOwth  of  the  lower  part  of  the  small  sac,  and  of  the  great  omentum,  is  primarily  due  to  a  pro- 
liferation of  the  cells  over  a  limited  area  of  the  mesogastrium,  and  a  resulting  folding  of  this 
layer  downwards  and  to  the  left 

In  the  upper  part  of  the  mesogastrium  the  spleen  is  developed,  and  the  portion  of 
74a 
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tliis  fold  which  intervenes  between  the  stomach  and  spleen  forms  tlie  gastro-sp] 
omentum,  whilst  the  part  behind  the  spleen  becomes  the  lieno-reiial  ligament. 

Of  the  primitive  mesentery,  the  portion  connected  with  the  stomach — the  mesogast 
— becomes  mcxiified  in  the  manner  just  described.  The  next  division — the  mcsoduode 
— disappears  completely,  owing  to  the  turning  over  of  the  duodenal  loop  on  to  its  i 
side,  and  its  subsequent  adhesion  to  the  posterior  abdominal  wall,  accompanied  b\ 
absorption  of  its  mesentery.  The  mesenteries  of  the  small  and  large  intestine  are 
tinuous  at  first  (Fig.  781).  When  the  rotation  of  the  intestinal  loop  takes  place  an 
the  superior  mesenteric  artery  (see  above),  the  beginning  of  the  large  intestine,  wit! 
mesentery,  is  carried  to  the  right  across  the  duodenum,  and  a  fan-shaped  portion  oi 
general  mesentery,  lying  within  the  concavity  of  the  loop,  is  partially  cut  off;  this, 
on,  forms  the  mesentery  proper  in  the  adult.  At  first  it  is  continuous  by  its  right  b< 
with  the  mesentery  of  the  ascending  colon,  a  part  of  the  primitive  mesentery  (whl 
similarly  continued  into  the  mesentery  of  the  transverse,  descending,  iliac,  and  ji 
colons).  Subsequently,  as  shown  by  the  darkly-shaded  parts  in  Fig.  782,  the  back  o 
mesenteries  of  the  ascending,  descending,  and  iliac  portions  of  the  colon  adheres  t* 
posterior  abdominal  wall,  and  these  mesenteries  become  lost ;  whilst  the  mesenleri 
the  transverse  and  pelvic  portions  of  the  colon  remain  free,  and  persist  in  the  adult 

At  the  same  time,  the  mesentery  proper  (which  was  at  first  attached  only  a 
narrow  neck,  between  the  duodenum  and  transverse  colon,  and  below  this  was  con  tin 
on  the  right  with  the  ascending  mesocolon)  now  acquires  a  new  attachment  to 
posterior  alnJominal  wall  through  the  absorption  of  the  ascending  mesocolon  (Fig.  \ 
and  the  adult  condition  is  attained. 

THE  LIVER. 

The  liver  (hepar)  is  a  large  glandular  niiiss  of  irregular  shaj^e,  which 
under  cover  of  the  ribs  in  the  upper  and  right  portion  of  the  abdominal  ca> 
immediately  beneath  the  diaphragm  (Fig.  784).  It  is  the  largest  of  all 
digestive  glands,  and  plays  an  important  part  in  the  metalxilism  of  lioth  ca 
hydrate  and  nitrogenous  materials:  in  addition,  it  secretes  the  bile  —  a  fl 
which  although  chiefly  excretory,  assists  to  some  extent  in  pancreatic  digest 
From  the  liver  the  bile  is  conveyed  to  the  duodenum  by  the  bile  du4:t,  in  < 
nexion  with  which  is  foimd  a  j)ear-shaped  diverticulum,  for  the  temporary  stoi 
of  the  bile,  known  as  the  gaU-hladder  (Fig.  786). 

Form. — The  liver  is  so  irregular,  and  varies  so  considerably  in  size  and  p1 
in  different  bodies,  and  even  in  the  same  body  under  different  conditions,  thf 
is  difficult  to  convey  a  true  idea  of  its  fonn.  This,  jxiriiaps,  may  be  most  roa 
realised  from  a  consideration  of  the  portion  of  the  aMomeu  in  which  the  1 
lies,  and  to  tlu^  sha].K3  of  which  its  form  is  chiefly  due. 

The  \i])i)er  ])ortion  of  the  abdominal  cavity  is  dome-shaped,  its  anterior,  pistei 
and  lateral  walls,  as  well  as  its  roof,  being  formed  chiefly  by  the  vaulted  under  sur 
of  the  diaphragm,  which  slopes  down  on  the  inner  aspect  of  the  ribs  as  far  i\» 
lower  border  of  the  thoracic  framework.  In  the  right  and  middle  jKjrtions  of 
dome-shaped  S}>ace  thus  formed  the  liver  lies,  like  a  cast  in  its  mould,  and  fn»i] 

[  chiefly  its  form  is  derived.     And,  if  an  imaginary  plane  be  passed  Imekwards 

^  ui>war(ls,  from  an  oljique  line  extending  across  the  anterior  abdominal  wall,  fn> 

point  immediately  l)elow  the  right  margin  of  the  ribs  to  a  point  one  inch  1k' 
the  left  nipple,  it  will  cut  off  a  segment  of  the  abdominal  cavity  which  cx> 
sj)onds  tolerably  accurately  to  the  liver,  in  both  size  and  fonn. 

•  Accordingly,  the  liver  may  be  descrited  as  having  two  chief  surfaces :  a  pari 

surface,  convex  in  genend  outline,  which  fits  into  the  arch  of  the  diaphragm ; 

1  a  visceral  surface,  irregular  in  form,  which  looks  downwards,  backwards,  and  to 

left,  and  rests  upon  the  abdominal  viscera.  These  two  surfaces  are  separated  i 
one  another  by  the  infeHor  margin  of  the  liver. 

Symington  has  described  the  liver,  when  haidened  in  situ,  as  a  right-angled  triangidar  pi 
with  its  right  angles  roundetl  off,  and  as  having  five  surfaces — anterior,  posterior,  superior,  ri 
and  inferior.  The  first  four  of  these  would  be  included  in  the  jiarietar  surface  descriM  al 
an<l  the  inferior  coritssiwmds  to  the  visceral  surface. 

Previously  Ilis  haa  described  three  surfaces :  an  inferior,  corresponding  to  the  visceAL 
a  superior  and  po8t<;rior,  which  together  correspond  to  the  parietal  sui&ce. 


THE  LIVER 


1109 


Before  Hia's  description,  which  changed  all  previous  views  on  the  fonn  of  the  liver,  became 
current,  it  was  described  as  having  two  surfaces,  an  upper  and  a  lower,  and  two  borders,  an 
anterior  thin  and  a  posterior  thick ;  and  this  is  the  shape  of  the  ordinary  soft  dissecting-room 
liver,  which  flattens  out  into  a  cake-like  form  when  removed  from  the  body. 

In  the  body,  on  the  other  hand,  instead  of  being  flattened  out  in  this  way,  it  is  folded,  as  it 
were,  around  its  portal  and  longitudinal  fissures  into  a  much  more  compact  mass ;  and  if  hard- 
ened in  situ  before  its  removal,  it  presents  an  appearance  very  difTerent  from  that  of  the  soft  liver 
just  referred  to.  From  a  study  of  such  hardened  specimens  it  will  be  seen  that  the  mass  of  the 
right  lobe  lies  chiefly  in  an  antero-posterior  direction,  its  posterior  thick  portion  fitting  into  a  wide 
groove  at  the  side  of  the  vertebral  column,  and  its  long  axis  running  from  behind  forwards  and  a 
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Fio.   784. — The  Abdominal  Viscera  in  srru,  as  seen  when  the  abdomen  is  laid  open  and  the  great  omentum 
removed  (drawn  to  scale  from  a  photograph  of  a  male  body  aged  56,  hardened  by  formalin  injections). 

The  ribs  on  the  right  side  are  indicated  by  Roman  numerals;  it  will  be  observed  that  the  eighth  costal  cartilage 
articulate<l  with  the  sternum  on  both  sides.  The  subcostal,  intertubercular,  and  right  and  left  Poupart 
lines  are  drawn  in  black,  and  the  mesial  plane  is  indicated  by  a  dotted  line.  The  intercostal  muscles  and 
part  of  the  diaphragm  have  been  removed,  to  show  the  liver  and  stomach  extending  up  beneath  the  ribs. 
The  stomach  was  moderately  distended,  and  the  intestines  were  particularly  regular  in  their  arrangement. 

little  inwards.  The  left  lobe,  leading  off  from  the  anterior  part  of  the  right  lobe,  is  folded  across 
the  front  of  the  vertebral  column  and  great  vessels,  its  long  axis  running  transversely,  but  it  does 
not  usually  pass  back  at  the  side  of  the  vertebral  column,  like  the  right  lobe,  into  the  vertebral 
groove ;  so  that  there  is  no  real  notch,  as  usually  described,  at  the  back  of  the  liver  for  the 
vertebral  column,  but  merely  an  angle  formed  by  the  meeting  of  the  two  lobes  coming  from 
different  directions. 

PoBition. — The  main  mass  of  the  liver  lies  in  the  right  hypochondrium ;  from 
this  it  extends  across  the  upper  part  of  the  epigastrium,  and  usually  reaches 
as  far  as  the  left   Poupart  plane.      Not  uncommonly  it  passes  into  the  left 
746 
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hy])ochondriiini,  where  it  may  extend  even  as  far  as  the  left  lateral  wall  < 
a])donien.  Usually,  too,  its  lower  margin  passes  down  on  the  right  side  for  a 
distance  (A  inch,  12*5  mm.)  IkbIow  the  subcostal  plane,  and  comes  to  lie  i 
right  lumbar  region.  Under  ordinary  contlitions,  the  anterior  end  of  the 
tiidinal  fissure,  which  se]>arate8  the  right  from  the  left  lobe,  lies  one  or  two  : 
to  the  right  of  the  mesial  plane. 

The  limits  even  of  the  normal  liver  are  very  variable,  but,  taking  the  a^ 
condition  in  the  male,  they  may  ])e  marked  put  on  the  surface  of  the  IkkIv  1 
following  method: — Three  points  are  determined — (a)  half  an  inch  (12"5 
below  the  right  ni])ple ;  (h)  half  an  inch  (12*5  mm.)  lielow  the  right  margin  < 
thorax  (or  l)elow  the  tip  of  the  tenth  rib) ;  and  (c)  one  inch  (25  mm.)  }.»elo 
left  nip])le.  If  these  points  Ije  joined  by  three  lines,  slightly  concave  to 
^  j  the  liver,  they  will  give  the  outline  of  the  organ  with  sufficient  accuracy  f 

. '  '  ordinary  purposes.     (For  variations  in  position  see  p.  1117.) 

To  state  the  matter  somewhat  more  in  detail: — if  the  two  "nipple  jK>ints"  (a)  and 
joined  hy  a  hm*,  shghtly  convex  upwards  on  eacli  side,  but  a  little  depressed  at  the  centre 
8i)oiiding  to  the  position  of  the  heart,  and  crossing  tlie  lower  end  of  the  sternum  aliuut  thi 
of  the  sixtli  cartilage,  it  will  mark  the  upper  limit  A  line,  convex  outwards,  Jrrim  the 
iiil)l)lc  point  (a)  to  tlie  sul>co8tal  i)oint  (b)  will  indicate  the  right  limit,  while  tjle  lower  1; 
marked  hy  a  line,  convex  downwards,  arawn  from  the  subcostal  point  (6)  to  the  left  uippli 
(r),  and  ])a.ssing  tlirough  a  point  half-way  between  the  umbilicus  and  the  lower  end 
gla(lii)lus,  in  the  middle  line. 

Tlie  lin<*  indicating  the  ujmer  limit  of  th^.  liver  is  elevated  on  each  side,  correBponding 
cnpohe  of  the  diaphragm,  and  depressed  in  the  centre  beneath  the  heart     On  the  rigl: 
where  highest,  namely,  about  one  inch  (26  mm.),  internal  to  the  mammary  line,  it  reaches  < 
i  exj»ii"ation  to  the  upper  border  of  the  fifth  rih ;  on  the  left  side  it  is  one-half  to  three-quar 

I  aTi  inch  (12  to  18  mm.)  lower  ;  and  it  crosses  behind  the  sternum  at  the  level  of  the  sixth  e 

rj  costal  junction — or  sometimes  lower.     It  must  be  rememl)ered,  however,  that,  whilst  th< 

I  readies  up  to  the  lends  just  given,  it  does  so  only  at  the  highest  part  of  its  convex  parietal  s 

I  and  is  separated  from  the  rilw  all  round  hy  the  thin  lower  margin  of  the  lung  (which  e 

t  down  between  the  chest  wall  and  diaphragm  to  the  sixth  rib  in  front,  to  the  eighth  in  th 

I  lateral  line,  and  to  the  level  of  tlie  tip  of  the  spine  of  the  t«nth  dorsal  vertebra  behind),  s 

♦  in  percussing  over  the  liver,  ita  dulness  is  obscured  by  the  resonance  of  the  lungs  above 

J  j)()ints. 

Weight  and  Size. — The  liver  usnally  weighs  from  three  to  three  and  a  qi 

])onnds,  or  about  -^V^h  ^^  ^'^^  body  weight.       / 

,  The  average  size  of  the  liver  may  be  briefly  exjjressed  as  follows : — It  measures  in  the 

verse  direction  about  seven  indies}  (17*5  cm.) ;  in  tire  vertical,  six  to  seven  inches  (16  to  VJ'l 
\  and  in  the  an tero -posterior,  on  the  right  side  Jrhere  greate.st^  about  six  inches  (16  cm 

;  greatest  width,  measiu'ed  obliquely  from  side/o«ide  along  the  inferior  or  visceral  surface^ 

inrhes  (2')  cm.)  mm 

Its  weight  ordinarily  varies  between  fift^pd  fifty-five  ounces  in  the  male,  and  betweei 
{  three  and  forty-eight  in  the  female,  with  ajflverage  for  the  two  sexes  of  about  forty -nine  c 

or  a  little  over  three  pounds.     It  eorresii^B  to  about  ^th  of  the  body  weight  in  the 
*  whilst  at  l)irth  it  is  relatively  twice  as  l^f^r(viz.  ^^th  or  ^th  of  the  body  weight),  and  : 

\  early  faUus  very  much  larger.  ^'M 

Tlie  j)roi)orfion  of  the  right  to  the  left*W>l>e  is  very  variable,  but  is  usually  about  as  A 

at  birth  it  is  about  as  2  or  3  to  1. 


r 


Relations  and  Surfaces. — The  liver,  as  already  panted  out,  possesses  two 

j  surfaces,  the  parietal  lying  in  contact  with  the  abdominal  pariotes,  and  the  vij 

'  resting;  on  th(i  a])doniinal  viscera. 

If  Parietal  Surface. — In  conformity  with  ^he  shajw  of  the  upj)er  portion  o 

alKlnminal  cavity  which  it  occu])ie8,  the  pari^al  surface  (Fig.  785)  is  conv 

5  gt^neral  outline,  and,  taken  as  a  whole,  lies^^llgainst  the  diaphragm,  except  1 

'^  and  in   front,  where  it  i>rojects  from  l)ene5ith  the  ribs  (Fig.  784),  and  com 

?■  *  c<intact  with  the  anterior  al)doniinal  wall  for  ah^ut  tw^o  or  tliree  inches  (5-0  t 

*  '■■  cm.)  ])olow  the  xi])hi-sternal  articulation.  It  is  completely  covered  by  periton 
5  c\ce]>t  Ix^hind  at  the  "  uncovered  area,"  where  it  comes  into  direct  relation 
t  ,  the  diaphragm;  and  it  is  divided  into  right  and  left  lolie-portions  by  the  at 

*  1  niont  of  the  falcifonn  ligament — a  fold  of  peritoneum  which  connects  it  t^ 
1  dia])hragni  and  anterior  abdominal  wall. 

,  As  the  space  which  the  liver  occupies  is  boui;ided  by  the  anterior,  the  i 
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and  the  posterior  walls  of  the  abdomen,  as  well  as  by  the  roof,  we  can  distinguish 
on  its  parietal  surface,  which  lies  against,  and  takes  its  shape  from,  these  walls, 
four  corresponding  "  areas,"  namely  (a)  the  superior,  (6)  the  anterior,  (c)  the  right, 
and  (rf)  the  posterior  areas  of  the  parietd  surface.  Of  these  the  posterior  area  is 
the  most  important,  and  must  be  described  in  greater  detail  than  the  others. 

Posterior  Area  of  the  Parietal  Surface.  —  This  portion  of  the  parietal 
surface  (which  corresponds  to  the  posterior  surface  of  His)  is  directed  back- 
wards, ani^lies  in  contact  with  the  diaphragm,  as  the  latter  passes  down  on  the 
posterici:  abdominal  wall.  It  is  very  irregular  in  shape,  and  presents  from  right 
to  tef^  the  following  parts: — (1)  The  "uncovered  area"  of  the  right  lobe;  (2)  the 
a|i^{^renal  impression ;  (3)  the  fossa  of  the  vena  cava ;  (4)  the  Spigelian  lobe, 
separated  by  the  fissure  of  the  ductus  venosus  from  (5)  the  oesophageal  groove, 
which  belongs  to  the  left  lobe.  t 

(1)  The  "  uncovered  area  "  of  the  right  lobe  (Fig.  786)  is  a  considerable  "portion 
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Fio.  786.— The  Livbr  krom  thb  front,  showiug  the  superior,  right,  and  anterior  areas  of  the 

parietal  surface. 

of  the  back  of  the  right  lobe — varying  from  1^  to  2i  inches  (37  to  62  cm.)  in  width, 
and  from  3  to  4  inches  (7*5  to  10  cm.)  in  transverse  measurement — which  corre- 
sponds to  the  interval  l>etween  the  two  layers  of  the  coronary  ligament,  and  is 
devoid  of  i)eritoneum.  Over  this  uncovered  portion,  which  looks  more  inwards  than 
backwards,  the  liver  and  diaphragm  are  in  direct  contact,  and  are  united  by  areola? 
tissue ;  here  too  is  established  a  communication  by  small  veins  tetween  the  portal 
circulation  of  the  liver  and  the  systemic  circulation  of  the  diaphragm. 

(2)  Suprarenal  Impression. — On  the  "uncovered  area,"  immediately  to  the 
right  of  (and  behind)  the  vena  cava,  is  a  triangular  impn^ssion  (imprcssio  supra- 
renalis.  Fig.  786),  produced  by  the  suprarenal  ])ody,  which,  projecting  upwards  from 
the  top  of  the  right  kidney,  l)ecomes  wedged  in  Initween  the  diaphragm  and  liver. 

(3)  Fossa  of  the  Vena  Cava  (fossii  venae  tatVie). — At  the  left  extremity  of  the 
"  uncovered  area "  the  inferior  vena  cava  lies  vertically,  embedded  in  a  fossa 
of  the  liver  substance,  between  the  Spigelian  lol)e  on  the  left  and  the  adjacent 
part  of  the  imcovered  area  on  the  right,  both  of  which  project  over  the  sides 
of  the  cava,  almost  hiding  it  from  view  (Fig.  786);  sometimes  they  actually 
meet  and  form  a  pons  hepatlB  across  the  back  of  the  vein. 
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(4)  Spigelian  Lobe. — To  the  left  of  the  fossa  of  the  cava  lies  the  Si>igelia 
(lo])us  caudatus),  a  promiuent  oblong  mass  (Fig.  786),  wliich  is  plat-eil  vertiw 
the  hack  of  the  liver,  Iwtween  the  fissure  of  the  ductus  venosus  on  the  It^ft  ai 
fossa  of  th(i  vena  cava  on  the  right — the  former  marking  it  off  from  the  It-ft  lo' 
latter  from  the  "uncovered  area"  of  the  right  1oIh\  The  to])  of  tho  small 
IM^ritoneum  st'parates  the  back  of  the  Spigelian  lolx;  from  the  diapliragm, 
latter,  in  turn,  separates  it  from  the  aorta  just  l^efoi-e  that  vessel  ente 
abdomen. 

The  iipj>er  cud  of  the  Spigelian  lobe  i»  sejjarated  from  the  superior  area  of  the  mrietiil 
by  the  meeting  of  the  vena  cava  and  the  fissure  of  the  ductus  venosus  in  frr^nt  of  it     It 


Wiia  cava  iu  its  foNsa 
9pli;elian  lobe 


dfisophagfal  gnjovo 


EdxI  of  dg^ht  lapranii&l  tvin 
Bupmrenal  Impfflftnion 

Right  ptiti  of  eauddte  lobe 

Uiico\erwl  area  of  ritfbt  Ioti»- 
Hfliuil  irapn£*siioi] 

\fklvtm]  Jjpinurit 


Gastric  Impretiioti 


ifri 


ForUl  tlKan 


Quadrate  lobe 

Portal  vol  11         1 

«BUbkcidi*r  \ 

Duodenal  impre8.sion 

Colic  iiniiivAsion 

Fn;.  78r>. — Thk  Liveh  from  bklow  and  behind,  sho^^ing  the  wliole  of  the  visceral  surface  ari«l  tlio  { 
area  of  tin-  parietal  surface.  The  iH>rtal  fissure  has  Iweu  slightly  <)pcue<i  up  to  show  tbr  vi-»<.els 
tliroii^h  it ;  tht*  other  fissures  are  repre»ente<l  in  their  natural  condition— close«l.  In  this  livn 
was  liardeue«l  ///  sifu„  the  impressions  of  tlie  sacculations  of  the  colon  are  iliMtinelly  visible  al  t 
iMij)ression.  The  roun<l  liganu.'nt  anrl  the  remains  of  the  ductus  vonoMis  are  bidtleu  in  the  d 
their  fissures. 

end  is  free  and  pixaninent,  and  readies  to  the  visceral  surface,  where  it  usually  pr« 
notch  or  fi-sbure  (in  which  the  liepalic  artery  lie.**,  imrticularly  in  the  foetus),  wbicli  marl 
liii'^iT  find  more  pnjminent  left  mrt(the  tul)erculum  jwpillare)  pmjecting  downwar«ls  beli 
j)ortal  fissure,  and  a  smaller  right  part  passing  out  into  the  i)i"oce.«.sus  ciiudatu^^,  or  caud^ 
wliich  connects  it  (Fig.  786)  witii  the  under  or  visceral  surface  of  the  right  lol.»e. 

The  iK)sterior  .surface  of  tlie  Spigelian  lobe  is  free  ;  it  is  ])laced  vertically,  and  look*  Vvm* 
an<l  sliglitly  inwaixlsi.  The  IoTh;  has  also  another  surface,  wnich  is  hidden  when  in  the  \y* 
in  the.  bartiriied  livtT  by  tlie  folding  of  the  left  loW,  across  iU  Bv  this  folding  then*  is  f«' 
d»'i'p  ti^<?ure  (tissure  of  the  ductus  venosus),  at  the  bottom  of  whicb  will  l>e  foiiml  the  rem 
tin*  dui'tus  venosus. 

(5)  The  CBsophageal  Groove  is  situated  on  the  back  of  the  left  lobe, 
hdt  of  tlu^  uy»]>er  end  of  the  Spigelian  lol)e,  but  separated  from  it  by  the  tiss 
the  ductus  venosus  (fossa  ductus  venosi),  which  on  this  asjiect  indicates  the  di 
iKitween  the  right  and  left  lobea     The  groove  leads  down  into  the  gastric  ii 
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jion  on  the  visceral  surface  of  the  left  lobe  (Fig.  786),  and,  when  in  the  body,  lies 
In  contact  with  the  prominent  right  or  anterior  margin  of  the  oesophageal  orifice 
)f  the  diaphragm  (see  p.  1040  and  Fig.  795),  sometimes  also  with  the  oesophagus 
itself. 

The  snperior  area  of  the  parietal  surface  lies  in  contact  with  the  roof  of  the  abdomen  ;  it  is 
»nyex  on  each  side,  and  depressed  near  the  middle  line.  The  two  convexities,  of  which  the 
•ight  is  the  more  prominent,  fit  into  the  two  cupolse  of  the  diaphragm ;  whilst  the  central 
lepression  (depressio  caidiaca)  corresponds  to  the  position  of  the  heart  This  area  (with  the 
exception  of  a  small  triangle  at  its  posterior  part,  between  the  separating  layers  of  the  falciform 
lament)  is  completely  covered  by  peritoneum,  and  on  it  the  division  of  the  liver  into  right  and 
eft  lobes  is  indicated  by  the  attachment  of  the  falciform  ligament 

The  anterior  area  of  the  parietal  sorfiftce  is  triangular  in  shape,  and  after  death  is  usually 
lattened,  owing  to  the  fisdling  in  of  the  anterior  abdominal  walL  In  part  it  lies  in  contact  with 
ihe  diaphragm,  which  separates  it  from  the  rib-cartilages  on  each  side,  but  at  the  subcostal 
;rianffle  it  comes  into  direct  relation  with  the  anterior  wall  of  the  abdomen,  for  a  distance 
isoally  of  two  or  three  inches  below  the  xiphi-stemal  articulation.  It  has  a  complete  peritoneal 
severing,  and  gives  attachment  as  far  down  as  the  umbilical  notch,  at  the  inferior  border,  to  the 
falciform  ligament,  which  connects  it  to  the  anterior  abdominal  wall 

The  anterior  passes  gradually  into  the  upper  and  right  areas,  but  it  ia  distinctly  separated 
Jx>m  the  visceral  surface  by  the  sharp  inferior  border  of  the  orean.  The  umbilical  notch  is 
>ften  continued  upwards  for  some  distance  on  the  surface  as  a  slit-liKe  fissure. 

The  right  area  of  the  parietal  surface  is  convex  and  extensive,  and  lies  in  contact  with  the 
iiaphragm,  which  separates  it  from  the  inner  surface  of  the  lower  ribs,  and  also  from  the  lower 
oiaigin  of  the  lung  and  pleura  above.  Though  sharply  marked  off  by  the  inferior  border  from 
the  visceral  sui&ce,  it  passes  without  distinct  limits  into  the  other  areas  of  the  parietal  surface, 
[t  is  completely  covered  by  peritoneum. 

Viaceral  or  Inferior  Surface. — This  is  an  irregular,  obliquely  sloping  surface 
Fig.  786),  which  looks  downwards,  backwards,  and  to  the  left,  and  rests  upon 
he  stomach,  small  omentum,  intestines,  and  right  kidney.  The  division  into 
ight  and  left  lobes  is  indicated  on  this  surface  by  the  umbilical  fissure,  which 
masses  from  the  umbilical  notch  at  the  anterior  border  back  to  the  portal  fissure. 

The  visceral  surface  of  the  left  lobe  is  directed  downwards  and  backwards,  and 
ests  on  the  upper  surface  of  the  stomach,  in  front  of  the  cardia ;  also  on  the  lesser 
;urvature  with  its  attached  lesser  omentum.  The  part  which  rests  upon  the  upper 
urface  of  the  stomach  is  rendered  concave  by  the  pressure  of  that  organ  (Fig.  786), 
ind  is  known  as  the  gastric  impression  (impressio  gastrica) ;  whilst  the  portion  to 
rhe  right  of  this,  being  free  from  the  pressure  of  the  stomach,  projects  backwards 
iver  the  lesser  curvature  against  the  lesser  omentum  in  the  form  of  a  smooth 
-ounded  prominenoe,  and  is  known  as  the  omental  tuberosity  (tuber  omentale). 

The  visceral  surface  of  the  right  lobe  may  be  divided  into  two  portions  by  the  line 
)f  the  gall-bladder,  which  extends  forwards  in  its  fossa  to  the  lower  sharp  margin 
)f  the  Uver  (Fig.  786). 

(a)  To  the  Itjft  of  the  line  of  the  gall-bladder  are  found  from  before  backwards : — 
The  quadrate  lobe,  portal  fissure,  and  caudate  lobe.  (1)  The  quadrate  lobe  (lobus 
juadratus)  is  placed  at  the  anterior  part  of  the  under  surface,  between  the  gall- 
>ladder  and  the  umbilical  fissure,  extending  to  the  inferior  margin  of  the  liver  in 
Tont,  and  to  the  portal  fissure  behind :  it  rests  upon  the  pylorus  or  the  Ijeginning 
>f  the  duodenum.  (2)  The  portal  or  transverse  fissure  is  a  deep  cleft  through  which 
ihe  portal  vein,  hepatic  artery,  and  hepatic  duct  enter  the  liver,  and  to  the  margins 
)f  which  are  attached  the  two  layers  of  the  lesser  omentum  (Fig.  786).  (3)  The 
gradate  lobe  or  process  (processus  caudatus)  consists  of  a  narrow  ridge  of  liver 
lubstance  which  runs  across  behind  the  portal  fissure,  and  connects  the  lower  end 
)f  the  Spigelian  lobe  with  the  rest  of  the  right  lobe.  It  forms  the  upper  boundary 
rf  the  foramen  of  Winslow,  and  is  felt  when  the  finger  is  introduced  into  that 
>a88age.  It  is  often  very  narrow  but  can  always  be  distinguished  through  its 
ntervening  between  the  portal  vein  and  the  inferior  vena  cava. 

(b)  The  surfa/^e  to  the  right  of  the  gaU-bladder,  which  is  more  extensive  than 
.hat  on  its  left,  is  entirely  occupied  by  three  impressions  produced  by  the  under- 
ying  viscera — namely :  (1)  The  colic  impression  (impressio  colica)  lies  in  front  and 
;o  the  right  of  the  gaU-bladder.  It  rests  upon  the  hepatic  flexure  and  the 
)eginning  of  the  transverse  colon.  (2)  Behind  this  is  the  renal  impression  (im- 
>re88io  renalis),  larger  than  the  preceding,  which  corresponds  in  size  and  form  to 
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the  u])[)er  lialf  or  two-tliinls  of  the  right  kidney,  againHt  the  anterior  or  vis*.*- 
surtace  of  wliic.h  it  lies.  It  is  placed  behind  the  colic  iinpression  just  as  the  ki«lr 
itsulf  is  placed  beliiud  the  colon.  (3)  To  the  inner  siilc  of  the  renal  inipresfiioii,H 
near  the  neck  of  the  ^all-hladder,  is  placed  the  narnnv  duodenal  impression  ;i 
])ressio  duoilenalis),  which  lies  in  contact  with  the  duodennni  (the  second  p«irt,ilt: 
to  the  point  at  wliich  it  in  crossed  hy  the  colon). 

Till'  quadrate  lobe  is  of  an  obluiig  shajn?,  tlieant.fi"o-iH)sli?riordiaiiu-ter  Ixang  tin*  j^fniatti*!. 
surfiifo  is  geiuMully  courave,  and  is  ivlaU^d  to  tlie  pylunis  and  the  adjaconi  jk-irfs  of  tlit*  iit«)iii 
and  du<xU'nuin,  when  the   fnrnii.'r  is  distcndt'd.     \Vlh;n  thi*  stoniacli  is  eiiipry,   howevi-r, 
i)ylnius  usually  lii's  Wut'alh  the  right  portion  of  the  left  IoIk',  and  the  first  i»art  of  theduod»?ij 
lies  iM-ncalh  the  (puidrate  lobe,  the  transvei-se  colon  also  coming  in  conta«:t  with  it  anttri'. 
(Fig.  786}. 

The  ui)pfr  cud  of  tin-  renal  iniprcAsion  is  frecpienlly  uncovei-^'d  hy  fuTitoiiouin  'Tig-  TSfi .  t 
is  to  say,  tlie  "uncover«'d  area"  of  the  right  lobe  extends  down  over  the  iiiii»ression  for  a  li 
way.  This  impression  is  very  deep,  and  accommodates  nearly  the,  whole  thi«.'.kiies.^  of  th^  ki'ii 
In  many  hartfened  specimens  it  would  aj»pear  to  belong  more  to  the  p>osterior  pari  uf 
jwirietal  than  to  the  inferior  or  visceral  surface. 

The  inferior  margin  of  the  liver,  as  alrciidy  pointed  out,  .sej>iirat4:?s  the  pari* 
from  tlu^  visceral  surface.  Behind,  it  is  indistinctly  marked  and  corresponds  t«> 
lower  eilge  of  the  posterior  area,  or  back,  of  the  pirietal  surface :  it  is  in  ».■■ 
tiu^t  with  the  right  kidney,  and  runs  along  the  course  of  the  eleventh  rib.  At 
right  sidr  it  is  stout  but  distinct,  and  usually  corresponds  to,  or  projt»cts  a  little  w 
])idow,  the  lower  l)order  of  the  thoracic  framework.  In  fro  fit  (inargo  anterior;  il 
thin  and  sharp,  and  crosses  the  anterior  alxloniinal  wall  oldiquely,  generally  c<«i 
spomling  to  a  line  drawn  from  a  point  half  an  inch  (12  nun.^  Indow  the  luargiu 
the  ri])S  (tip  of  tenth  costal  cartilage)  on  the  right  side  to  a  jKjint  an  inch  Udow  i 
nipple  on  the  left,  ami  extending  down  in  the  midtllo  hue  to  a  point  half-v 
between  the  gladiolus  and  the  umbilicus.  This  portion  of  the  lower  l^in 
usually,  but  not  invaria])ly,  presents  one  or  two  notches.  The  umbilical  nol 
(incisura  umbilicalis),  the  more  constant  of  the  two  (Fig.  785),  is  sit  mil 
at  the  anteri<»r  end  of  tlie  und)ilical  fissure,  and  corre8i>oud8  to  the  lower  p 
of  the  atta(thment  of  tlie  falciform  ligament.  It  is  usually  placed  from  ouf 
two  inclics  (2o  to  50  cm.)  to  the  right  of  the  middle  line.  The  second  notch.  1 
frc(iuently  ]»resent,  corresponds  to  the  fundus  of  the  gall-bla<Uler,  and  may 
cjillcd  the  notch  of  the  gall-bladder  (incisura  vesicae  felleie). 

At  its  left  extremity  the  inferior  margin  jMisstJs  backwards  around  the  edgt* 
the  hdt  lobt^  and  ends  at  the  aisopluigeal  griM)ve  on  its  l^jick. 

Fissures  of  the  Liver. — Five  hssures  or  fossie  are  usually  descrilicd  in  en 
nexiun  with  the  liver;  these  are:  (1)  the  umbilical  fissure,  (2)  the  Hssure  of  i 
ductus  venosus;  (3)  the  portal  tissure;  (4)  the  hssure,  or  fossa,  of  the  gall-blaJdi 
and  (^5;  the  tissure,  or  fossa,  of  the  vena  cava. 

Taken  together,  the  five  fissures  are  arranged  somewhat  in  the  fonu  of  the  let) 
A  (Fig.  7SG);  the  two  lower  divisions  of  the  diverging  Umbs  being  formed  ]»y  t 
umbilical  fissure  ami  tlie  fissure  of  the  gall-bLidder  respectively,  and  the  cro.ss-*pit 
]»y  the  portal  fissure— all  of  which  are  placed  on  the  inferior  or  visceral  surfa 
Tlie  two  up[»er  divisions  of  the  hmbs  are  represented  by  the  li.ssure  of  the  duel 
venosus  and  that  of  the  vena  Ciiva,  which  meet  above  and  are  both  placH.Hl 
tiie  back  or  posterior  area  of  the  iMirietal  surface.  The  latter  of  these  tw». 
namely,  the  fissure  of  the  Ciiva,  repre»Mited  by  the  right  upper  divisii»n  of  the  A 
dncs  not  jnin  the  cross-piece  (the  portal  tissure),  but  is  seiwirated  from  it  l.>elovv 
a  narrow  ridge  of  liver  substance — the  caudate  lobe  or  process  (Fig.  780). 

(1)  Tlie  umbilical  fissure  (fossfi  veme  umbilicalis)  is  a  dt»ep  crevice-like  tissu 
situated  on  the  visc-eral  surface  Initween  the  adjiicent  portions  of  the  quadrate  a 
h'ft  lobes.  At  its  ]M)tt(an  is  sec^n  a  stout  fibrous  lumd,  the  round  ligament — t 
remains  of  the  umbilical  vein  of  the  fu'tus.  The  fissure  leads  from  the  umbilii 
notch  at  the  inferior  border  of  the  liver  to  the  left  exti-emity  of  the  portal  tissi 
(Fig.  780),  and  is  very  often  crossed  i»y  a  pons  hepatis — a  band  of  Liver  substiu: 
— which  may  even  tixtend  along  the  whole  length  of  the  fissure,  hiding  the  n»u 
ligament  e(»mpletely  from  view. 

(2)  The  fissure  of  the  ductus  venosus  (fossa  ductus  venoai)  lies  on  the  back 
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Having  thus  reached  the  liver  from  the  diaphragm,  the 
clothing  its  parietal  surface  as  far  as  the  anterior  margin,  j 
the  lower  or  visceral  surface.  This  it  also  covers  as  far  bacl 
fissure  of  the  ductus  veuosus  (Fig.  786),  from  which  it  de 
anterior  layer  of  the  lesser  omentum. 

As  regards  the  covering  derived  from  the  small  sac : — Its 
the  foramen  of  Winslow,  which  is  placed  immediately  beneat 
it  clothes  this  lobe  (Fig.  786).     Then  turning  upwards  it 
lobe,  clothing  its  two  surfaces. 

From  the  right  margin  of  the  Spigelian  lobe  it  is  refl 
forming  the  last  boundary  (Fig.  795)  of  the  uncovered  area  ^ 
layer  of  the  coronary  ligament. 

The  detailed  arrangement  of  the  peritoneum  will  be  found 
account  of  the  peritoneal  cavity. 

Lig^amentS. — Most  of  the  ligaments  of  the  liver,  namel 
two  lateral,  are  formed  by  folds  of  peritoneum ;  the  other  tw 
and  the  ligament  of  the  ductus  venosus,  are  remains  of  fceta 

The  coronary  ligament  (ligamentum  coronarium  hepa 
peritoneum  which  are  reflected  from  the  liver  to  the  diaphn 
covered  area  of  the  right  lobe ;  both  its  upper  and  lower  lay 
sac.     The  name  of  rj^ht  lateral  ligament  has  been  given, 
haps,  to  its  pointed  right  extremity  (Fig.  786). 

The  left  lateral  ligament  (ligamentum  triangulare)  is  i 
entirely  unconnected  with  the  coronary  ligament^  which  is 
upper  or  parietal  surface  of  the  left  lobe  near  its  posterior  Ix 
diaphragm,  for  a  distance  of  several  inches  as  a  rule. 

Its  attachment  to  the  diaphragm  lies  nearly  altoeether  to  th 
and  about  J  inch  (18  mm.)  in  front  of  the  line  of  this  openi 
from  the  diaphragm  backwards  to  its  hepatic  attachment 

Falciform  Ligament  (ligamentum  falciforme  hepatis).- 
broad  or  the  suspensory  ligament.  It  is  a  crescentic  f< 
attached  by  its  convex  border  to  the  under  surface  of  the  di« 
abdominal  wall  (an  inch  or  more  to  the  right  of  the  m 
distance  (1  to  2  inches,  2-5  to  5  cm.)  of  the  umbilicus.  It 
to  (the  superior  and  anterior  areas  of)  the  parietal  surfac 
presents  a  free  edge,  stretching  from  near  the  umbilicus  1 
liver,  and  containing  within  it  a  stout  fibrous  cord,  the  roun 

Near  the  back  part  of  the  upper  aspect  of  the  liver  the  tw 
ligament  is  composed  separate,  and  leave  a  triangular  area  of 
ui>per  end  of  the  vena  cava  uncovered  by  peritoneum.  Traced  b 
into  the  upper  layer  of  the  coronary  ligament,  the  left  into  that 
is  the  remains  of  the  ventral  mesentery  of  the  embryo,  and  h 
action  on  the  liver  of  the  adult 

I'he  lesser  or  gastro- hepatic  omentum  (omentum  mi 
which  extends  fnnn  the  liver  to  the  lesser  curvature  of  the 
which  are  largely  blended  together  in  the  adult — the  ante 
the  posterior  from  the  small  sac. 

It  is  attiichod  alwve  to  the  margins  of  the  portal  fissure, 
fissure  of  the  ductus  venosus.  Below,  it  is  connected  U 
stomach,  where  its  two  layers  separate  to  enclose  that  organ 
of  the  duodenum  for  an  inch  or  more  beyond  the  pylorus. 
its  right  or  free  border,  are  contained  the  bile  duct^  the  hepa 
the  nerves  and  lym])hatics  passing  to  the  portal  fissure  (Fig.  1 
and  narrow  at  each  end.  Of  the  two  ends  the  right  is  fre 
to  the  ducxienum,  forming  the  anterior  boundary  of  the  fc 
end  is  very  narrow,  and  is  attiiched  to  the  diaphragm  betwi 
openings  (just  to  tlie  right  of  the  reference  line  m  Fig.  795, 

The  portion  of  the  omentum  passing  between  the  liver  and  t 
as  the  hepato-gastric  ligament  (ligamentum  hepato-gastricum), 
duodenum  as  the  hepa  to-duodenal  ligament  (ligamentum  hepato 

The  round  ligament  (ligamentum  teres  hepatis)  is  a  si 
from  the  umbilicus  backwards  and  upwards,  within  the  fre 
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thoy  are  ]>articnlarly  common  iu  females,  and  are  due  to  the  pressure  of  the  ribs  resnlti 
tight-lacing.  GrcK)vcH  of  a  diflercnt  kind  are  found  at  the  upper  part  of  the  parietal 
where  the  liver  is  in  contact  with  the  diaphragm  ;  these  usually  run  radiallr,  that  u 
direction  of  the  muscular  fihre^s  of  the  diaphragm,  and  are  apparently  produced  by  a  wi 
or  irregular  ountraction,  of  the  dia])hragm.  At  leasts  ridges  of^the  diaphragm  are  found 
the  grooves,  and  theae  ridges  or  wrinkles  would  seem  to  be  responsible  for  the  productio 
grooves. 

Finally,  the  liver  may  present  certain  congenital  irregularities  in  the  direction  of  a<^ 
Assurers  and  lobe^,  which  reproduce  the  conditions  found  in  the  higher  apes,  and  f 
commonly  present  in  the  foetus  (Thomson).  Or  the  liver  may  be  divided  np  into  a  large 
of  distinct.  lobes,  as  in  most  other  animals. 

Changes  in  position  havti  been  already  referred  to  in  connexion  with  variations  h 
there  need  only  be  added  here  that  the  liver  ascends  and  descends  at  every  expiration  and 
tiou  respectively,  and  that  it  also  descends,  but  very  slightly,  in  changing  from  the  re^l 
»  the  erect  ]>asture.     Occasionally,  without  any  evident  cause,  the  liver  and  diaphragm  ai 

M  to  occupy  a  higher  or  lower  position  than  usual. 

[  U-  Fixation  of  the  Liver. — At  fii'st  sight  it  is  not  easy  to  understand  the  means  Ir 

!  |!  the  liver  maintains  its  position  in  the  abdomen  (and  the  same  remark  applies,  perhai>js 

I  I  solid  abdominal  organs).     The  falciform  ligament  gives  it  no  support^  as  it  is  quite  k 

i  in   the  body.     Nor  can  it  be  said  that  its  vessels,  except  perhaps  the  hepatic  vein: 

However,  uu  considering  the  conditions  under  which  the  viscera  are  placed  in  the  ah 

cavity  the  T)roblem  becomes  less  difiicult 

Tlie  abdomen  is  a  clased  cavity,  with  a  firm  framework  to  its  upper  i^art,  a  tightly  s 
dia])hragm  for  its  roof,  and  muscular  walls  all  round  Into  the  concavity  of  this  roof  tbe 
surface  of  the  liver  is  fitted  with  j>erfect  accuracy,  so  that  the  two  are  in  absolute  oont 
cannot  be  sejjarated  without  producing  a  vacuum,  unless  some  other  structure  is  in  a  po 
fill  the  space.  But  there  is  hai-dly  any  other  viscus  movable  enough  to  pass  up  over  t 
of  the  liver  into  the  vault  of'  the  diaphragm,  so  that  atmospheric  pressure  alone  is  j 
sutficient  to  retain  the  organ  in  situ,  as  in  the  case  of  the  hip  joint  In  addition,  the  ab 
muscles  are  always  in  a  condition  of^tonic  contraction  or  "  tone,"  which  gives  rise  to  a 
abdominal  i>ressure.  This  is  elfective  in  all  directions,  and  consequently  there  is  a  cou-s 
pn^ssure  on  all  the  alKlominal  walls.  The  liver,  being  in  absolute  contact  with  the  roof, 
considereil  a  part  of  this  wall,  and  it  is  consequently  affected  by  this  pressure  which 
.sustain  it.  Add  to  this,  tlie  su])port  which  the  organ  r<;ceives  from  the  intestine^  the  e 
antl  the  jkincreas ;  from  th«;  coronary  and  lateral  ligaments ;  from  the  connexion  of  the 
the  right  lol)e  by  areolar  tissue  to  the  diaphragm  ;  and,  finally,  from  the  vena  cava  emlx 
the  liver  and  sending  its  hepatic  veins  foi-waixls  to  all  parts  of  the  organ,  just  before) 
itself  is  firmly  attached  to  the  margins  of  the  caval  orifice  in  the  central  tt^ndun 
•  diaphragm,  and  we  will  i)robal)ly  find  sufficient  cause  for  the  maintenance  of  the  orga 

'  position  in  the  alKlominal  cavity. 

I 

^  THE  (lALL-HLADDER  AND  BILE-PASSAGES. 

ilTiidor  this  heading  we  have  to  consider  the  hepatic  ducts,  the  gall-blade 
cystic  duct,  and  the  common  ]:>ile-duct. 
Tho  excretory  ducts  of  the  liver  (Fig.  788)  begin  within  the  hepatic  lobules  as 
chaniu»ls,  running  between  the  hepatic  cells  (Fig.  792),  and  known  as  the  bile  ca 
(ductus  biliferi). 

Outside  the  lobules  these  join  (Fig.  792)  the  interlobular  ducts  (ductus  ini 
lares),  which  latter  by  uniting  form  larger  and  larger  duct^  and  finally  end  in 
more,  chief  hejKitic  ducts,  a  larger  from  the  right,  and  a  smaller  from  the  left  lobe 
miite  inunediately  after  leaving  the  liver  to  form  the  hepatic  duct. 

J,  A:^  a  rule,  five  or  six  ducts  leave  the  liver  at  the  bottom  of  the  portal  fissure  ;  these  g 

f  j                         unite  into  ri^^lit  and  left  main  ducts;  Bonietime^  they  all  converce  tovrardB,  and  un;t^ 

r  l)e«;inuing  of  Xhv.  hejiatic  duct.     It  is  int<?resting  to  note  that  the  aucts  from  the  Spigel 

j  caudat^^  lobes  join  tlie  left  main  duct. 

f  ^J  Hepatic  Duct  (ductus  hopaticus). — This  duct  formed  at  the  bottom  of  tin 

fissure  by  the  union  of  right  and  left  chief  ducts  (Fig.  788),  passes  downward 
an  irregular  course,  and,  just  outside  the  mouth  of  the  portal  fissure,  is  joii 
J  the  cystic  duct  (Fig.  T^^Sj  to  form  the  common  bile-duct.     In  length  it 

measures  about  1  to   1]   inches  (25  to  31  mm.),  and  in  breadth,  w'hen  flj 
out,  nearly  J  inch  (6  mm.),  or  about  as  much  as  a  goose  quiH     It  lies,  pra 
,  .  alto^^n^ther,  within  tiu^,  portal  fissure. 

1'^  Gall-bladder  (vesica  fellea). — The  gall-bladder,  with  its  cystic  duct,  i 

I  looked  upon  as  a  diverticulum  of  the  ])ile-duct,  enlarged  at  its  extremity  to 

!  ';  reservoir  for  the  Inle.     It  is  pear-shaped,  and  lies  obliquely  on  the  under  suj 


\. 
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neck  of  the  crall-1  bladder,  iiiul  ruuuiug  an  irregular  course  backwards  and  iuwar^l* 
joins  tlK^  liepjitic  duct  at  tlie  mouth  of  the  portal  fissure,  to  form  the  common  bile 
ihict.  The  spiral  coiistrictiou  found  in  the  neck  of  the  gall-bladder  is  continue 
into  the  heginning  of  tliis  duct. 

SoiiK'tinics  tli«-  cystic  duct  joins  the  right  lieivitic  duct  instead  of  the  hepatic  duct  iirtii»»-T. 

Common  Bile-duct  (ductus  choledcxilius).     This  begins  at  the  mouth  of  the  j^Jita 
tissure,  where  it  is  formed  Viy  the  union  of  the  he[>atic  and  cystic  ducts.     Fnji 

tliis  it  passes  downwards,  in  front  of  the  foramen  t 
Winslow,  lying  between  the  two  layers  of  the  lesrH? 
omentum,  witli  the  i.X)rtal  vein  Ijehind  and  the  hej>aii 
artery  to  its  left.  It  next  descends  l>ehind  the  lin* 
])art  of  the  duodenum  (Fig.  788),  and  then  l^twei*! 
the  pancreas  and  descending  duodenum.  Finally,  i 
meets  the  pancreatic  duct,  and  the  two,  runiiin 
together,  pierce  the  inner  wall  of  the  descendin 
duodenum  very  obliquely,  and  open  by  a  common  oritic 
on  the  bile  ])apilla  (papilla  duodenalis),  alx)ut  oJ.  o 
4  inches  (87  to  10  cm.)  beyond  the  pyhirus  Csee  i 
10G9). 

The    length    of   the  common   bile-duct    is  alK)ut 
inches   (75    mm.),   and   its   diameter,    which    is  ver 
variable,  is  generally  about  i  inch  (6  to  7  mm,). 
Structure  of  Excretory  Ducts. — With  the  except  io 

V.D.s,  A.cessnrv  p;»mreati<'  <liiot   of  the  peritoneal  coat,  which  is  absent,  the  hepatic,  cystic 
oisantoiiuii:  (\riivul.iriuus.   .^^^jj    common    bile-duct«   agree    with     the    gall-bladder  i 

odit.  'J'Ih'   ])ile   and  ])aiicreatic  chiefs,  in  jiierciug  the  wall  of  ih 

duodeimin,  run  obliquely  tliitmgh  il«  coats  for  alxiut  i  or  J  of  a: 
iiicli  (l:i  to  IS  mm.),  and,  as  a  rule,  do  not  unite  until  they  have  alnu^t  n.'aclie<l  the.  ofkeniii^  •'] 
tlie  bile  ]>a].ill,i '^Fi^'.  7^9).  This  orifice  is  verv'  much  smaller  than  either  duct,  and  the  .«h'»r 
and  n-latively  wid«- common  cavity  which  pivcedes  it  is  sometimes  knowni  a**  the  "aiiipnlh  " 
Vatir."     Occasionally  the  (^ystic  and  he]>;itic  ducts  open  into  the  (Uiodenuni  sej>arately. 


Vh:.  7*=*i^.— 1>i.\«;kam  showin«j  tui: 

Bh.K    AM)     rAM'HIiATIC    DKiTS 

I'lLiuiNi;   THh  Wall   of   thk 
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Vkssei-s  of  the  Livkr, 

Tlio  liv(»r  derives  its  blood -supply  from  two  sources,  namely — (I)  tiie  portal  TWB 
which  C(Miveys  to  it,  for  further  elaboration,  the  hlo(xl  from  the  digestive  system 
hideu  with  the  products  of  digestion  ;  and  (2)  the  hepatic  artery,  which  supplit^  it  wi:l 
bhxxl  for  tlu*  nourishment  of  its  own  tissue.  All  the  blood  is  returned  from  the  liver  t* 
tlie  inferior  v(»na  cava  by  the  hepatic  veins. 

Tlie  portal  vein  and  the  hepatic  artery  pass  up  to  the  liver  betwc»eii  the  two  layer 
of  the  lesser  onientiuu  and  in  front  of  the  foramen  of  Winslow.  Here  they  are  accom 
panied  by  tlu^  hepatic  duct,  whicli  lies  to  tho  rijjfht,  whilst  the  artery  is  placed  to  tb 
left,  and  the  jK)rtal  vein  behind  both,  lu  this  order  they  enter  the  porbil  fissure,  am 
thiTe  becoming  rtwirrangcd,  so  that  the  vein  lies  l^ehiud  the  artery  in  the  middle  aix 
th(^  duct  in  front,  each  breaks  up  into  two  chief  branches — a  right  and  a  left — and  seven 
smaller  ones,  which  enter  the  liver  substance,  surrounded  by  a  prolonj^ation  of  the  con 
nective  tissue  coat  of  the  liver,  known  as  Glisson's  capsule.  Within  the  organ  the  thrp 
V(»ssels  run  and  divide*  toirether,  so  that  every  Imuich  of  tiie  portal  vein  is  accompanici 
by  a  corresponding  (but  much  smaller)  br.uich  of  the  hepatic  artery  and  of  the  hopati 
duct :  and  the  thn>c,  surrounded  by  a  prolonjration  of  (ilisson's  capsule,  and  accoui[Kiuiv> 
by  branches  (»f  the  h(^patic  nerves  and  lymphatics,  run  in  special  tunnels  of  the  live 
substance,  which  are  known  as  portal  canals  (Fig.  791,  B). 

Kinally,  the  portal  vein  breaks  nj)  into  interlobular  veins  (ven®  interlobulares)  whicl 
lie  in  the  s])aces  betwe(Mi  the  liver  lobules  (Fig.  792).  The  branches  of  these  enter  th 
lobules  on  all  sides,  jnid  unit(?  with  their  capillary  network,  which  converges  towaiti 
the  centre  of  the  h)bulc,  and  joins  the  intralobular  or  central  vein  (vena  centralis). 

The  lie[)atic  artery  similarly  tlivides  into  interlobular  branches  (rami  arterio: 
interlobulares}  of  a  very  small  size,  which  accompany  the  interlobular  brunches  of  th 
vein,  and  suf)])ly  the  tissue  and  the  vessels  between  the  lobules.  In  addition,  the  hefflti 
artery  gives  ofi*  vaginal  branches  to  supply  the  walls  of  the  vessels  and  ducts,  and  th 
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connective  tissue  in  the  portal  canals ;  and  cajMOlar  branches,  which  arc  distributed  to 
the  fibrous  coat  of  the  liver. 

The  hepatic  veins  are  two  large  and  several  small  veins,  which  converge  from  the 
different  portions  of  the  liver  (Fig.  791,  A)  to  the  vena  cava.  Their  ultimate  radicles  are 
the  intralobular  or  central  veins,  which  run  down  through  the  centre  of  the  liver  lobules,  and 
|>assing  out  at  the  base,  join  the  snblobnlar  veins  (Fig.  790) :  these  by  their  union  finally 
form  the  hepatic  veins.  The  two  chief  hepatic  veins,  which  are  of  very  large  size,  open 
into  the  vena  cava,  as  it  leaves  the  liver,  and  immediately  before  it  pierces  the  diaphragm. 
The  smaller  branches  open  into  it  lower  down.  The  branches  of  the  portal  differ  from 
those  of  the  hepatic  vein  in  the  following  points : — (1)  The  branches  of  the  {Mortal  vein 
converge  towards  the  portal  fissure  ;   those  of  the  hepatic  veins  towards  the  vena  cava. 

(2)  On  section  of  the  liver  the  portal  branches  are  always  seen  to  be  accompanied  by 
branches  of  the  hepatic  artery  and  duct,  whilst  those  of  the  hepatic  vein  run  alone  ;  and 

(3)  owing  to  the  loose  wrapping  of  connective  tissue  (Glisson's  capsule)  which  surrounds 
the  branches  of  the  portal  vein,  their  walls  fall  away  from  the  liver  substance  when 
empty,  and  colIai)se,  whilst  the  hepatic  veins,  which  are  destitute  of  this  wrapping,  are 
closely  connected  to  the  liver  substance,  and  consequently  do  not  collapse  so  easily  as  the 
portal  vessels. 

The  lymphatics  ot  the  iiver  are  arranged  in  a  superficial  and  a  deep  set : — 1.  The  saperficial 
set  lies  beneath  the  peritoneum  on  both  (a)  the  visceral  and  (6)  the  parietal  surfaces  of  the  organ, 
(a)  The  vessels  from  the  vi^eral  surface  pass  chieflv  to  the  hepatic  glands,  wliicli  lie  between  the 
layers  of  the  le^wer  omentum  ;  but  some  of  them,  from  the  back  part  of  this  surface  on  the  right 
lobe,  Join  the  lumbar  glands,  and  others  from  the  back  part  of  the  left  lol)e  go  to  the  cceliac  inlands. 
(6)  The  vessels  from  the  parietal  surface  pass  in  various  directiona  Those  from  the  aajacent 
parts  of  the  right  and  left  lobes  pass  up  in  the  falciform  ligament,  and  pierce  the  diaphragm  to 
reach  the  anterior  mediastinal  glands,  and  end  finally  in  the  right  lymphatic  duct.  Those  from 
the  anterior  part  of  this  surface  pass  down  to  the  inferior  aspect,  and  join  the  hepatic  glands 
in  the  lesser  omentum.  The  lympnatics  from  the  back  of  the  right  lobe  pierce  tlie  diaphragm 
between  the  layers  of  the  coronary  ligament,  and  join  some  glands  in  the  thorax  around  the  upper 
end  of  the  inferior  cava;  others  nm  in  the  tight  lateral  ligament,  and  either  pierce  the 
diaphragm  and  end  in  the  anterior  mediastinal  glands,  or,  turning  down,  join  the  cceliac  group. 

2.  The  deep  lymphatics  accomi>any  either  (a)  the  jwrtal  or  (b)  the  uej)atic  veins,  (a)  The 
former  set  pass  out  through  the  portal  fissui-e  ana  join  the  henatic  glands,  the  efferent  vessels  of 
which  join  the  cosliac  glands.  (6)  Those  which  accomjiany  the  nepatic  veins  pierce  the  diaphragm 
with  the  vena  cava,  aud  having  formed  connexions  with  the  group  of  glands  at  it«  upper  end, 
within  the  thorax,  turn  down  and  join  the  beginning  of  the  thoracic  duct 

The  nerves,  which  are  chiefly  of  the  non-medullated  variety,  ai*e  derived  from  the  left 
pneumogastric  and  the  solar  plexus  of  the  sympathetic  The  bi-aiicheB  of  the  former  pass  from 
the  front  of  the  stomach  up  between  the  layers  of  the  lesser  omentum  to  the  liver.  Tlioee  of 
the  latter  ])as8  from  the  coeliac  ])lexus  along  the  hej^tic  artery — forming  the  hepatic  plexus — to 
the  portal  fissure,  where  they  enter  the  liver  with  the  blood-vessels.  They  are  distributed  cliiefly 
to  the  walls  of  the  vessels  and  of  the  bile-ducts. 

Structure  of  the  Liver. 

The  liver  is  invested  by  an  outer  serous  coat  (tunica  serosa),  already  described  in 
connexion  with  the  peritoneum.  Within  this  is  a  thin  areolar  coat  (capsula  fibrosa 
(Uissonii)  of  delicate  fibrous  tissue,  which  is  most  evident  where  the  serous  coat  is  absent. 
In  the  neighbourhood  of  the  portal  fissure  it  is  particularly  abundant,  and  here,  under 
the  name  of  Olisson's  capsule,  it  surrounds  the  vessels  entering  the  fissure,  and  accom- 
panies them  through  the  ix)rtal  canals  in  the  liver  substance.  This  coat  is  continuous 
with  the  fine  areolar  tissue  which  pervades  the  liver,  surrounding  its  lobules  and  holding 
them  together. 

The  liver  substance  pmj^r  is  made  up  of  an  enormous  number  of  small  lobules,  /..th 
to  ./yth  inch  (1  to  2  mm.)  in  diameter,  closely  packed,  and  held  together  by  a  small 
amount  of  connective  tissue.  In  man  the  lobules  are  not  completely  se])Jinited  from  one 
another  all  round  their  circumference,  but  coalesce  in  places  ;  the  reverse  is  the  case  in 
certain  animals  such  as  the  camel  and  the  pig.  The  lobules  are  arranged  around  the 
branches  of  the  hepitic  veins,  to  form  the  compact  mass  of  the  liver,  in  the  following 
manner : — 

The  hepatic  veins  radiate  from  the  inferior  vena  ctiva,  at    the  back  o!  tlie  liver,  to  all 
parts  of  the  organ,  dividing  and  re-dividing  initil  the  vosseU  ^^  reduced  to  branches  of  a 
very  small  size,  known  as  sablobnlar  veins— the  v^\\^y\^.  j^|.rji,n*:ement  may  be  aptly  com- 
paied  so  far  to  the  branching  of  «  trtM3  (Fig.  791,  A),     q.   «ll  sides  tAiere  open  Into  tVieae 
soblobular  veins  numeroiw  c/aseij'-crowdtMl   vosse\H.->.^^     ^-^-ttiwlo^\dar  ot  central  v^ns 


(which,  following  uur  smiiSe,  mav  be  ei»mpared  U*  an  rjinimif>ii«  tuimber  of 
iug  out  oil  all  aidfs  from  the*  liubiobuUir  twigs  of  the  tree).     On  imch  of 
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central  veins  there  is  Impaled,  as  it  were,  a  lobule  (which  ia  riiun*  or  k^99  like  * 
bullet  in  sbape— Pursuer)*  Thest!  little  coiiicJil  lobules,  with  tluur  intmlobuUr  or 
veins    ruuiiiiig    througli     them*    are    m    numemua    uud    m    elosely     packeci    U 

that  thty  gi%'t.'  rise  to  the  prtietioallT 
i,K.riot,ut.«  ^^  ;    ,       J    \  livurtissiie. 

Tilt'  hfbuh's  iiiv   HurroundtHl  hy| 
ioterlubular  bmiichea  of  tht*  portal 
from   wliich    uumerous  twign  i»nt-erl 
It^hule  mi  all  sifJes^  and  Cf^nvergio^,  [ 
the   central    or   intralobular  '^t'in 
792)*      ThiH   Hi  as   dimu    thmw 
centre  of  the  hjbiile  (Fijr.   T^lil 
o|M>ns  at  its  base  into  a       ^  '  '  i| 
'lliu  ijublobnlar  veins,  ii: 
iug  larger  by  const j*t it 
form  the  licjxitic  veinis 
the  vena  eava. 

Hepfttie  Cella-— In  tlie  tnt**rvi!!i 
tvverii  ttie  brfiiiclit^»  of  tb^ 
ruiinni^'  fmni  the  iuteHobi 
ijitrulobiihir  veins  (Fig.  792), 
the  pnlygnnnl  :*shii|>efl,  epiibelij 
ce[U.  Between  the  cen%  niii 
canaHcnli  (dncins  bibferi)  ^hicl^ 
nut  i)\  the  lobnie  (Hg,  792),  jciic 
Interlobular  bile -ducts    Mni'tii 

lobulari'fJi),  and  the^ir  uniting,  fit 
lit  tlie  hepatic  linctB. 


Venn  cav&h 


Frn,  79L     DiAOitAMa  uj-rsTHATryo  the  STRetTUtiK 
OF  Ltvnn. 

A*  ArfHiigr'imMit  of  liver  Id^sufen  Artntritl  tW  Knltlolnjlar 
brmichtM*  of  ih*'  ln?p»ti*"  vetti  ;  tt,  *Se('timi  of  n  |.»ort>il 
eaimlt  Rhowing  iU  contiiiiM*l  *>ranf')i<-''^  of  die  |>ortAl 
vi?in,  hrjwitlc  artery,  fttnl  Uilc-(Jiiet»  aiirroiiTnlid  by  n 
prolongiitioii  of  QU-ibou's  cApanle^ 


Devki^ofmknt  or  thk 


lu  mim»  the  livi 
icillow  (mtgruwtht*  ' 
of  the  forei^ut,  hi  the  jH>HiLioTj  of  the  future  duttflenum.     These  i'  ^  wiiici 

foniied  entirely  of   enduderm   (hypobhii^t},   pni^H   forwards  and   UI^v^  .  a 

mes^Klemnc  tiHisue— ealh*d  by  His  the  sipfcum  transTersimi — ^^  -  tu  frotjf 

foregut  just  below  the  heart*     In  ndditiou  u*  eomstitatin^  the  u..^  *^iiinc  l*eil  in 
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of  development  the  separation  of  the  two  becomes  more  n 
everywhere  excu3pt  at  the  coronary  and  lateral  ligaments 
ligament  in  front,  where  they  are  still  connected. 

As  the  liver  separates  off  from  the  future  diaphragm,  ar 
there  descends  with  it  the  ventral  mesentery — a  fold  wh 
duodenum  with  the  anterior  abdominal  wall.  This  is  divi< 
— a  posterior,  stretching  from  the  front  (lesser  curvature) 
wliich  becomes  the  lesser  omentum ;  and  an  anterior,  str 
anterior  wall  of  the  abdomen,  which  forms  the  falciform  ligi 

In  early  foetal  life  the  liver  is  relatively  of  enormous  s 
month  it  almost  completely  fills  the  abdominal  canity,  lea 
for  the  intestines.  Subsequently  its  relative  size  is  not 
still  occupies  nearly  half  of  the  abdomen,  and  forms  alx)ut  ^ 
in  the  adult  it  is  reduced  to  jV**^-  -'^^  ^^^  ^^^^  right  and 
size  ;  subsequently,  the  right  grows  more  rapidly  than  the  1 
twice,  and  in  the  adult  four  times,  as  large  as  the  left. 
caudate  and  Spigelian  lobes  are  relatively  larger  than  in  tin 

The  changes  which  take  ^lace  during  development  in  t 
liver  are  described  on  p.  934. 


THE   PAN'CREAS. 

The  pancreas  is  an  elongated  glandular  mass  wh 
]K)Storiur  abdominal  wall,  with  its  right  end  restin; 
duodeiuun  (Fig.  794),  and  its  left  end  touching  1 
digestive  lluid — the  pancreatic  juice — which  is  conv 
th{.\  pa 7U'rfMtic  duct,  and  constitutes  one  of  the  chief  ag 

The  absence  of  a  true  capsule,  and  the  resulting  dist 
give  the  pancreas  a  very  characteristic  ap])earanc€  (Fig 

Position. — The  great^ir  part  of  the  gland  lies  in  t 
and  adjacent  part  of  the  body  extend  into  the  left  hyp( 

Tlic  head  is  i)la«(^d  oppo>ite  Xlw.  second  aiul  upper  part  of  th 
tin*  IkxIv  ruii.s  t<.)  llu'  left,  alxnit  the  level  of  the  fn-st  lumbar  vt^rl 
vwy  oflt'ii  the  luwer  piji'tion  of  the  lieiul  pI'ojeel^J  some  distaiu 
thus  lii-s  in  the  nmbilind  region. 

In  shape  the  pancreas,  when  hardened  in  situ,  i 
its  right  end  being  tlatti3ne<l  and  hook-like,  whilst  the 
matic  and  three-sided.  It  may,  ixjrhaps,  in  general 
the  letter  J  placed  thus  C",  particularly  if  the  stem 
thickenc^d. 

The  gland  is  divisible  into  a  head,  a  neck,  and  a  I 
to  the  hook  of  the  c",  and  runs  downwards  and  to 
and  third  portions  of  the  duodenum.  The  stem  of  the 
the  gland,  and  the  narrow  part  connecting  the  two  is  tl 

When  removed  from  the  body  without  previous  h. 
its  true  form,  and  becomes  drawn  out  into  a  slende 
mass,  with  a  wider  end  turned  towards  the  duodenu] 
sponding  to  the  tail. 

Its  total  Irmjfhy  when  fixwl  in  dtu,  is  about  5  or  6  inches  (1 
not  previously  hardened,  it  is  easily  ext^iuded  to  a  length  of  8  in 
Its  weiyht  is  usually  about  3  ounces  (87  gi-aunnes). 

Relations. — The  general  position  and  relations  of 
expressed  as  follows : — The  head  (Fig.  794)  lies  in  the  ( 
with  the  vena  cava  and  aorta  behind  it ;  the  body  < 
suprarenal  capsule;  and  the  tail  touches  the  lower 
greater  part  of  the  organ  lies  beliind  the  stomach 
from  the  great  omentum,  and  turned  upwards,  in  order 

In  describing  the  detailed  relations,  each  part  oi 
be  considered  separately. 
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position  of  the  peritoiiciiin  as  a  rule.  Below  this  it  is  < 
covered  by  the  small  inti'stine. 

The  superior  mesenteric  vessels,  after  passing  forwaixl  t 
descend  in  front  of  that  ])ortion  of  the  hejui  (processus  unc 
al(^ng  the  third  part  of  the  duodenum.  The  superior  pan 
downwards,  and  break  up  on  the  front  of  the  head  (Fij^.  794 

The  neck  (Fi«r.  791)  is  a  comparatively  attenuatt^d  po: 
in  front  of  the  portal  vein,  and  connects  the  h(?ad  to  the  bo<i 
and  right  portion  of  the  head,  it  nnis  upwards  and  to  the  1 
and  then  passes  into  the  body. 

The  niM-k  is  about  J  inoli  (18  nun.)  in  width,  and  less  than  i  ii 


Top  r>f  Hinall  wic 


I  Mf«»ri( jr  N  ona  cjivh 
Lesser  onientiiiu  (rui) 


Left  Iftteml  lij 


U:i;hi  l.itcml  !tpnm<?nt 
of  livf*r 


TraTisvrise  o-^Uni  l:h.»;isih^  rlinxlefinm 

tlraul  ri|  [viiinTeaii 
Greiiit  oiiieiiLnm  (cut) 
Part  of  aninU 


.sveree  ir 
iioot  of  tiieBKnl^r 


Fk;.  705. — Thk  Peuitmnkai.  Relations  of  the  Duodenum,  Pan* 


front  au(f  tn  /7.<  n'ffht  Vw  thn  lii-st  part  of  the  duodemnn  and  the  . 
r(\sts\ipun  tin-  l)»*^nmdiigof  the  ]M)rtal  vein,  which  is  formed  undei 
union  of  the  s]>l<-nic  and  superior  mesenteric  veins.  It  has  a  i>art 
anterior  :5urf;irr  ;  jnid  its  l^'ginning  is  generally  marked  off  from 
c'U'terv,  willi  its  continuation  the  superior  pancreatico-<iuodt^nal. 
gland  sul)stance  between  the  he.'wl  and  neck. 

The  body  is  t)f  a  prismatic  form,  largest  where  it  lies 
and  usually  somewhat  tajxiring  towartls  the  tail  (Fig.  795) 
tion  of  the  neck,  it  runs  backwaixls  and  to  the  left  across 
beyond  which  its  extremity  or  tail  comes  in  contact  with  th 
situ  it  presents  three  surfaces — suix^rior,  inferior,  and  pc 
nearly  equal  width  (namely,  about  1|  inch :  31  mm.). 
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The  npper  Bortace  (facies  anterior)  is  widest  towards  the  left  end ;  it  looks  upwards 
and  forwards  (Fig.  794),  and  forms  a  considerable  portion  of  the  stomach-bed.  This 
surface  is  completely  covered  by  peritoneum,  derived  from  the  posterior  wall  of  the  small 
sac,  which  latter  separates  the  pancreas  from  the  under  surface  of  the  stomach.  Towards 
its  right  extremity  it  presents  an  elevation  or  prominence  where  the  body  joins  the  neck. 
This  projects  against  the  back  of  the  small  omentum  when  the  stomach  is  distended, 
and  is  consequently  kno>frn  as  the  omental  tuberosity  (tuber  omentale). 

The  inferior  surface  of  the  body,  which,  like  the  superior,  is,  as  a  rule,  widest  towards 
its  left  end,  looks  downwards  and  slightly  forwards.  It  is  completely  covered  by 
peritoneum,  viz.  the  descending  layer,  derived  from  the  transverse  mesocolon  (Fig.  795). 
It  lies  in  contact  with  the  duodeno-jejunal  flexure  towards  its  right  end,  with  the  splenic 
flexure  of  the  colon  near  its  left  end,  and  with  a  mass  of  small  intestine  (jejunum,  which 
is  always  found  packed  in  beneath  it)  in  the  rest  of  its  extent. 

The  posterior  surface  of  the  body  looks  directly  backwards,  and  is  entirely  destitute 
of  peritoneum.  It  is  connected  by  areolar  tissue  to  the  posterior  abdominal  wall  with 
the  organs  lying  upon  it.  From  right  to  left  these  are :  the  aorta  with  the  origin  of  the 
superior  mesenteric  artery,  the  left  renal  vessels,  the  left  suprarenal  capsule,  and  the  left 
kidney.  In  addition,  the  splenic  artery  nms  its  tortuous  course  to  the  left  behind  the 
upper  border  of  the  pancreas,  whilst  the  splenic  vein  runs,  behind  the  gland,  at  a  lower 
level  than  the  artery. 

The  three  surfaces  of  the  body  of  the  pancreas  are  separated  by  three  borders.  The 
anterior  border  is  the  most  prominent,  and  gives  attachment  to  the  transverse  mesocolon 
^Fig.  795).  It  is,  as  it  were,  squeezed  forward,  by  the  pressure  of  the  stomach  above  and 
the  small  intestine  below,  into  the  interval  between  these  two  sets  of  viscera,  thus  follow- 
ing the  line  of  least  resistance  (Cunningham).  Towards  the  neck  this  border  is  no 
longer  prominent,  but  becomes  rounded  off,  so  that  here  the  upper  and  lower  surfaces  are 
confluent. 

The  coeliac  axis  projects  over  the  npper  border,  and  sends  its  hepatic  branch  to  the 
right,  resting  upon  it,  whilst  the  splenic  artery  runs  to  the  left  behind  it  (Fig.  794).  The 
iidTerior  border  calls  for  no  special  description. 

The  tail  of  the  pancreas  is  the  somewhat  pointed  left  end  of  the  body,  which  is  in 
contact  with  the  lower  portion  of  the  gastric  surface  of  the  spleen.  It  usually  presents  an 
abrupt,  blunt  ending,  in  which  case  it  is  related  to  the  spleen  in  the  manner  just  described : 
or  it  may  be  elongated  and  narrow,  when  it  bends  backwards  around  the  outer  aspect  of 
the  kidney,  and  beneath  the  base  of  the  spleen.  In  either  case  it  lies  in  contact  below 
with  the  splenic  flexure  of  the  colon  (Fig.  794). 

Peritoneal  Relations  of  the  Pancrects. — The  posterior  surface  ot'  the  pancreas 
is  entirely  free  from  peritoneum.  The  other  surfaces  derive  their  peritoneal  covering 
from  the  prolongation  of  the  two  layers  of  the  transverse  mesocolon,  which  latter  is 
attached  to  the  anterior  border  of  the  gland,  from  the  tail  to  the  neck.  At  this  border 
the  two  layers  separate  (Fig.  777,  p.  1098),  the  anterior — derived  from  the  small  sac 
— passing  bsickwards  and  upwards  over  the  superior  surface  ;  the  posterior — derived 
from  the  large  sac — turning  downwards  and  backwards  along  the  inferior  surface. 

As  the  transverse  mesocolon  is  followed  to  the  right  it  ceases,  as  a  rule,  that  is,  its  two  layer=* 
fail  to  meet  about  the  neck  of  the  pancreas  (Fig.  795).  Beyond  this  the  posterior  surface  of 
the  colon  is  generally  free  from  peritoneum,  and  is  connected  by  areolar  tissue  to  the  fnint  of  the 
head  of  the  gland.  Below  the  level  of  the  colon  the  head  is  covered  by  the  continuation  down- 
wards of  the  peritoneum  from  the  under  surface  of  that  gut.  Often," however,  the  traiisvei-se 
mesocolon  is  continued  to  the  right  as  far  as  the  hepatic  flexui-e,  when  the  anterior  surface  of 
the  he^  is  then  completely  covered  l)y  peritoneum. 

Ducts  of  the  Pancreas. — Almost  invariably  two  ducts  are  found  in  the  interior 
of  the  pancreas — the  pancreatic  duct  pro()er  and  the  accessory  pancreatic  duct. 

The  pancreatic  duct  (ductus  pancreaticus  Wirsungi)  begins  near  the  tip  of  the 
tail  by  the  union  of  small  ducts  from  the  lobules  forming  that  part  of  the  organ. 
From  this  it  pursues  a  rather  sinuous  or  zigzag  course  (Fig.  796)  through  the  axis 
of  the  gland,  at  first  running  transversely  to  the  right,  until  the  neck  is  reached, 
then  bending  downwards  towards  the  head.  Here  it  approaches  the  second 
portion  of  the  duodenum,  and  meeting  the  bile  duct,  the  two  pierce  the  inner  wall 
of  the  gut  obhquely  (for  J  to  f  of  an  inch,  12  to  18  mm.),  and  open,  by  a  common 
orifice  on  the  bile  papilla,  about  SJ  or  4  inches  (87  to  10  cm.)  beyond  the  pylorus 
(see  p.  1120). 
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luscca^ory  duct 

Fig.  796. — Thk  Panckkas  and  Duouknt'm  from  Behind,  with  the 
pancreatic  duct  exi>osed. 

Tlie  superior  nie^euteric  vessels  are  also  shown  in  sectiou,  passing  forward, 
suiTouudeil  by  the  recurved  portion  of  the  head  of  the  pancreas. 


In  its  course  through  the  gland  the  duct  receives  numerous  branches,  wl 
join  it,  as  a  rule,  at  very  open  angles.  These,  as  well  as  the  main  duct  itself 
easily  recognised  by  the  whiteness  of  their  walls,  as  contrasted  with  the  da 
colour  of  the  gland  tissue.     The  main  duct  receives  branches  from  all  portioE 

the  pancreas,  and 
wards  its  termina 
has  attained  a  consi 
able  size  (namely, 
to  ^th  of  an  inch- 
to  4  mm. — when 
tened  out,  or  some^ 
larger  than  a  crowqi 

The  accessoiy 
creatic  duct  (ductus 
creaticus  aceessoi 
Santorini)  is  a  small 
variably  -  developed 
(Fig.  796)  which  c 
into  the  duodenum  « 
J  of  an  inch  above 
somewhat  in  front 
{ue.  ventral  to)  tbe 

creatic  duct.  From  the  duodenum  it  runs  to  the  left  aud  downwards,  and  soon  di^ 
into  two  or  more  branches,  one  of  which  joins  the  pancreatic  duct,  the  others  pass  c 
Hud  receive  the  ducts  from  the  lower  part  of  the  head.  It  is  generally  supposed  ttial 
current  flows  from  this  into  the  main  duct,  and  not  into  the  duodenum,  as  a  rule,  ex 
in  early  life. 

Physical  Characters  and  Structure  of  the  Pancreas. — The  pancreas  is  < 

reddish  cream  colour,  soft  to  the  touch,  and  distinctly  lobulated.  The  lob' 
are  but  loosely  held  together  by  their  small  ducts  and  by  loose  areolar  tiw 
for,  as  already  pointed  out,  the  pancreas  is  devoid  of  a  regular  capsule,  i 
possesses  instead  merely  an  adventitious  coat  of  fine  connective  tissue. 

The  gland  belongs  to  the  class  of  acino-tubular  glands,  its  alveoli  or  acini  be 
(elongated  hke  those  of  Brunner's  glands ;  otherwise  it  corresponds  very  closeh 
a  serous  salivary  gland,  the  general  structure  of  which  will  be  found  on  p.  1007. 

Variations. — The  chief  variations  found  are :— (1)  A  separation  of  the  part  of  the  h^ 
known  as  the  uncinate  i)roce88,  which  then  forms  a  lesser  pancreas.  (2)  A  growth  of  the  lanc 
around  the  duwlenum,  which  it  may  practically  encircle  for  a  short  part  of  its  course.  And 
an  opening  of  its  duct  into  the  duodenum,  independently  of  the  bile  duct  An  accessory  piinr 
(pancreas  accessorium)  is  also  sometimes  found  in  the  wall  of  the  stomach  or  of  the  jejim 
Diverticula  of  the  duodenum,  already  described  (p.  1070),  ought  perhaps  to  be  meniionLKl 
til  is  connexion. 

Vessels.  The  arteries  of  the  pancreas  are  :— (1)  The  superior  pancreatico-dnodenal,  a  bra 
of  the  gastro -duodenal  artery,  which  runs  down  on  the  front  of  the  head  (Fig.  794),  send 
branches  outwards  to  tlie  duodenum,  as  well  as  numerous  twigs  into  the  siil«tance  of 
pancrca.s.  (^)  The  inferior  pancreatico-dnodenal,  a  branch  of  the  upper  part  of  the  supe: 
mesenteric  artery;  it  runs  upwards  and  to  the  right  across  the  back  of  the  head,  i 
sends  hrancjhes  to  it  and  to  the  du<xlenum,  one  of  which  runs  between  the  head  and 
(lu(Klenum.  These  two  i)ancreatico-duodenal  arteries  anastomose  around  the  inferior  Iwrderof 
head.  (3)  The  inferior  pancreatic  branch  of  the  superior  mesenteric  (or  sometimes  of  the  gas) 
duodenal)  artery,  a  considerable  branch,  which  arises  along  ^ith,  or  near,  the  last,  and  nms  to 
left  ah)ng  the  lower  Iwrder  of  the  ])ancreaH,  often  even  as  tar  as  its  tail.  (4)  Pancreatic  branc 
of  the  splenic  artery,  are  several  (3  to  5)  fair-sized  branches  which  come  off  from  the  j<ple 
ai^  it  runs  behind  the  ui)per  border  of  the  gland  ;  they  enter  the  jiancreas  immediately,  i 
traverse  its  substance  from  alx^ve  downwaitls,  some  senaing  branches  in  Iwth  directions  al* 
the  coui-se  of  the  jiancreatie  duct.  (5)  Small  pancreatic  branches  also  arise  from  the  hepi 
artery  whilst  it  n^sts  on  the  upper  i>art  of  the  gland,  and  enter  it  inimediatcdy.  The  p 
creatica  magna,  which  is  descrilnid  as  accomi>anying  the  duct  from  left  to  right,  does  not  « 
to  exist  in  the  majority  of  cases. 

The  veins  are  :  (I)  An  anterior  itancreaticO'duodeiial  (Fig.  794),  which  ]iasses  downwards  £ 
to  tlie  left,  on  the  fi-ont  of  the  head,  and  joins  the  superior  mesenteric  ;  (2)  a  posteri(tr  ftancrtat 
duodenal^  wliicli  crosses  the  back  of  the  head,  and  opens  into  the  portal  vein  ;  (3)  8e\-eialftii 
yjfinereatic  v<-ins  which   join  the  sjdenic ;  and  (4)  some  from   the  upper  part  of  the  head  < 


THE    URINOGENITAL    SYSTE:) 

By  a.  Francis  Dixon. 

THE  URINARY  ORGANS. 

The  kidneys,  or  gLmds  whicli  socrete  tlie  urine,  are  a  pair  of  almost  syini 
ally-placed  organs,  situutoil  in  the  posterior  part  of  the  aMominal  cavil 
on  each  side  of  the  lo\v(T  inovahle  portion  of  the  vertebral  column.  Thi 
secreted  l)y  the  kidneys  is  received  into  the  upper  expanded  portions  of  a  ] 
lc)ng  tul>es,  the  ureters,  by  them  is  conducted  to  the  bladder,  which  is 
within  the  ^jt^lvic  cavity.  From  the  bladder  the  urine  is  passed,  during  m 
tion,  along  the  urethra  to  the  exterior.  In  the  male  the  urethra  is  a  reli 
long  passage,  and  traverses  the  ]»rostate  gland  and  the  whole  length  of  thepei 
the  female  it  is  a  short  tube,  and  opens  on  the  surface  just  ahove  the  \ 
orifice. 

THE  KIDNEYS. 

The  kidney,  when  removed  irom  a  fresh  subject,  presents  a  bean-shaped  c( 
It  is  of  a  dark  l)rown-rod  colour,  and  is  surrounded  by  a  thin  glistening  t 
(tunica  ti]>rosa),  whidi  gives  to  the  whole  organ  a  uniformly  smooth  s 
The  kidney  is  not  a  st)lid  body,  but  contains  a  cavity  called  the  renal 
the  opening  into  which,  termed  the  hilum  (hilum  renalis),  is  situated  on  tht 
and  anterior  part  of  the  organ.  Each  kidney  measures  alK)ut  4^  incl 
length,  2  inches  in  width,  and  about  IJ  inch  in  thickness,  and  is  pla( 
that  its  lung  axis  is  nearly  vertical.  Tht<  weight  of  the  adult  kidi 
aljout  4i  ounces.  In  the  freshly-remove<l  kidney  the  upper  and  lower 
are  smootldy  rounde«l,  and  the  vj^per  end  (extremitals  superior)  is  usually  a 
more  bulky  than  the  lower  (extnunitas  inferior).  The  outer  harder  ( 
lateralis),  which  is  o])])osite  to  the  hilum,  is  roundeil  and  convex,  while  the 
border  (margo  medialis),  on  which  the  hilum  is  placed,  is  concave  frr»mal>«ive 
wards.  These  two  ])or<lers  st^parate  the  anterior  surface  (facies  anterior)  fn 
posterior  surface  (facies  posterior)  of  the  kidney. 

i  1'he  capsule,  which  envelops  the  whole  organ,  divides  in    the  region  c 

I  hilum   into    two  layers,  one  of  which    is  continued  over  the  lij)R  of   the 

into  the  interior    of  the    kidney,    and   lines   the    walk    of    the   kidney 
The  other  layer  is  prolonged  to  form  a  tubular  sheath  for  the  vessels  and  i 
of  the  kidntn^  before  they  pass  through  the  hilum   to  enter  the  sinus,  y 
which  they  break  u])    into  branches.     These  branches,  piercing   the  wall  ^ 
sinus,  entt;r   the  substance  of  the  kidney.     Tlie  upi>er  expanded  iK)rtion  c 

i  ureter  leaves  tlu^  sinus  through  the  hilum  in  company  with  the  blood-vessel 

:.  nerves. 

^  Position  of  the  Kidneys. — The  precise  level  of  the  kidney  in  the  alxlo 

cavity  is  subject  to  a  considerable  amount  of  variation,  and  also  it  is  usual  t 

J  a  difference  in  the  levels  of  the  right  an<l  left  kidneys  of  the  same  individual. 

^!  frequently  the  left  kidney  is  on  a  higher  level  than  the  right,  but  in  many 

the  kidneys  occupy  the  same  level,  or,  the*  mon^  usual  condition  l)eing  reverse< 
right  kidney  is  a  little  higher  than  the  left. 

J 130 
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Soiiietiiiies  the  lower  end  of  tlie  kidney  lies  on  the  same  level  as,  or  ni 
short  dist:ince  above,  tht^  iliac  cretst,  and  this  may  he  due  to  the  crest  rising' 
higher  level  than  usual,  the  kidney  oct-ui-ying  its  normal  position  in  relati-j 
the  vertebral  culunm.  It  is  important  Co  rememl)er  that  normally  the  ki 
moves  upwards  and  downwards  during  lile,  following  the  respiratoiy  moveii 
of  the  part  of  the  dia]>hragni  against  which  it  rests. 

Th(^  kidneys  are  ]ilaeed  iHOiind  the  peritoneum,  and  ja-ojeet  into  the  jm»«i 
[)art  of  the  abdominal  cavity.  Each  is  surrounded  by  a  eonsidurablf  am-ni 
l(M.>si^  tissue,  often  liuidcd  with  fat,  the  fatty  tissue  (ea])sula  adijiosa)  U^ing  j>r 
in  greater  quantity  round  tln^  margins  of  the  organ,  and  only  to  a  less  i?xt»'i 
front  of  and  behind  the  kidney.  In  this  fat  the  renal  vessels  and  norves  Ii»^  !■ 
ihey  enter  the  organ,  and  the  adiposti  tissue  is  continued,  along  with   the  ve 


nuoliMifi-Ji-juiial  rt»'xnn 


Pniicrcaa 


Fintt  jMrt  ftf  ili:C"'lriniTn 


Tjiil  of  paiicrt-ji:i 

LuiiilKir  faM-i:i 


lio<ly  of  verieura 


EJilDfr^ 


(^liiulnitus  liiiiibi>ruiii         Pkoub 


Fl.; 


70S.-   Transvek^k  Sk<tii)X  TiiiioruH  the  Ahimimkn  at  the  level  ok  the  Seoxd  Lt'Mbar  Ve!:"; 
Tlu'  i)l;ine  of  thf  »ii'<'iioii  is  >oine\vhat  obliiim*,  U-ing  lower  lieliiiid  than  in  front.     Tlif  cn^tal 
jiTt;  iimn))ere(l  S-11.     On  the  rijjht  m<Io  the  iKwterior  hiyer  of  tlie  n*nal  fii«cia  is  iudicatc^l.       K 
>pe(iinen  in  tlie  Anatoinital  Deimrtment^  L^niver>ity  CoUcge,  C'anliff.) 

througli  ih(i  hiluni  into  the  kidney  sinus,  wheitj  it  fills  up  all  the  space  unocri 
by  tlui  vessids  and  nervi-s. 

The  long  axis  of  ea<*h  kichiey  is  sonuiwhat  oblique,  Jis  the  U])per  end  of  the  «i 
a]>pr»Kiclies  nearer  to  tlie  mi<UIle  line  tlian  the  lower.  The  surface  of  the  kii 
which  is  a]»plied  against  tlie  muscles  forming  the  posterior  wall  of  the  {iInIm 
looks,  as  a  whole,  l>ack wards  and  inwards,  and  that  which  projects  intu 
abdominal  cavity  forwards  and  outwartls.  Henee  it  haj)iKms  that  the  outer  1h 
of  the  kidney  lies  on  a  posterior  plane  to  tlu?  inner  border.  The  kidney  is  roi 
in  this  manner  on  its  long  axis  to  such  a  degriH)  that  the  inner  margin  and  h 
are  scarcely  visilJe  from  U^hind,  and  but  a  limited  view  of  the  outer  }x>nler 
be  obtained  in  front  (Kigs.  SOO  and  80.*^). 

Enil>edde<l  in  the  soft  fatty  tissue  surroumling  the  ki<luey  is  a  layer  of  fil 
tissut^  to  wiiich  the  term  fascia  renalis  is  applied.  This  fascia  surrounds 
ki(hiey  and  a  considerable  amount  of  its  fatty  capsule  in  the  form  i»f  a  . 
sheatii,  in  which  may  be  distinguished  anterior  and  [wst-erior  walls.  The  ?h 
is  open  below  ami  internally,  Init  elosf^l  above  and  to  the  outer  side  of  the  ki« 
by  the  apposition  of  its  walls.  Externally  the  anterior  and  posterior  walJ 
the  sheath  come  into  c.ontiiot  and  are  connected  with  the  retro-peritoneal  lis 
internally  the  Liyers  forming  these  walls  remain  distinct  and  the  anterior  on 
continued  across  the  nuddle  line,  in  frt»nt  of  the  renal  vessels  and  the  aort^ 
join  the  correspon<ling  layer  of  the  opposite  side,  while  the  posterior  wall  fi 
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surface  against  which  it  is  placed,  and  so  we  find  on  a  ! 
fully  fixed  and  hardened  before  it  has  been  disturbed 
different  planes  of  these  muscles.  When  the  kidney  is 
elevations  separating  these  areas  correspond  to  the  ang 
muscular  planes  meet.  These  ridges  can  be  observed  i: 
its  removal  from  the  body,  but  usually  they  are  nc 
angles  between  the  muscular  planes  being  very  obtuse. 
A  kidney  removed  from  the  body  after  having  been 
presents  an  area  near  the  inner  part  of  its  posterior  sui 
aspect  of  the  psoas  muscle.  This  part  of  the  posterior 
slightly  backwards.  Farther  out  there  is  a  larger  ai 
quadratus  lumborum  and  looks  more  directly  backvN 
separated  by  a  rounded  ridge  which  fits  into  the  ang! 


Ki<..  ><00.— The  Kidneys  viewed  kuom  Behind.     Same  specimen  as  F 
the  areas  in  oontact  witli  tlie  various  muscles  forming  the  pes 

'/.  Dei)ression  coiTe.si)on(ling  to  the  transverse  process  of  the  fir? 
h.  Depression  corresponding  to  tlie  transverse  process  of  the  sec 
r.    Depression  corresi)onding  to  the  twelfth  rib. 

tioned.     Beyond  the  area  in  contact  with  the  quadra 
outer  border  of  the  kidney. 

Towards  the  upper  end  of  the  kidney  the  posterior 
rests  upon  the  diaphragm.  Indeed  the  upper  part  o 
bent  slightly  forwards,  following  that  part  of  the  arch  c 
rests,  and  thus  a  narrow  interval  is  left,  in  which  the  pleui 
the  upper  end  of  the  kidney  (Fig.  799).  This  relations 
the  kidney  is  of  importance  in  connexion  ^ith  8urgi< 
performed  through  a  lumbar  incision.  The  portions  ( 
the  kidney  is  a])plied  are  the  crus  and  the  parts  ari 
arcuate  ligaments. 

In  addition  to  these  surfaces,  or  facets,  for  the  miiscles  y 
posterior  aspect  or  outer  border  of  the  kiduey  often  shows  a  gro 
tlie  external  arcuate  ligament,  and  twc  or  three  depressions  for  tl 
of  the  upper  two  or  three  lumbar  vertebra*.  In  some  cases  also 
seen  for  the  nerves  which  pfiss  downwards  and  outwards  betT 
lumborum — namely,  the  last  dorsal  nerve  and  the  ilio-hypogastj 

It  is  probable  that  some  at  least  of  the  depressions  on  the  po 
])roduc(Hl  after  fleath,  and  are  caused  by  the  weight  of  the  other 
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intestine  varies  much  in  different  subjects.  P'reqiiently  the  colon  nnd  the  k 
are  both  covered  by  peritoneum  where  they  are  in  contact,  but  the  duodeui 
bound  down  to  the  kidney  by  the  i.>eritoneum.  In  addition  to  the  struc 
mentioned,  some  portion  of  the  ileum,  or  of  tlie  jejunum,  is  often  found  in  or 
with  a  small  part  of  the  right  kidney. 

In  some  cases  tlie  ])eritoneal  cavity  does  not  pass  upwards  in  front  of  the 
end  of  the  right  kidney,  and  thus  the  anterior  aspect  of  this  part  of  the  org 
like  the  suprarenal  body,  bound  })y  connective  tissue  to  the  uncovered  ai-ea  c 
1  iver. 

In  front  of  the  extreme  upper  and  inner  part  of  the  left  kidney  is  the  in 
portion  of  the  left  suprarenal  capsule;  at  a  lower  level  the  upper  i>art  c 
left  kidney  is  in  contact  with  the  stomach  and  pancreas.  The  supnirenal  a 
and  the  pancreas  are  ])Ound  down  to  the  kidney  by  connective  tissue,  bu 
stomach  is  separated  from  the  part  of  the  kidney  with  which  it  is  in  appositic 
the  lesser  sac  of  the  j)eritoneum.  The  part  of  the  kidney  in  actual  contact 
the  stomach  is  usually  a  small,  somewhat  triangular,  area  situated  above  the 
at  which  the  pancreas  crosses  the  organ.  The  renal  surface  of  the  splc 
related  to  the  anterior  surface  of  the  left  kidney  in  its  upper  and  out-er  jmi 
two  organs  being  separated  by  a  portion  of  the  general  peritoneal  cavity,  e 
along  the  area  where  spleen  and  kidney  are  connected  by  the  lieno-renal  liga 
The  anterior  surface  of  the  lower  end  of  the  left  kidney  is  related,  towart 
inner  side,  to  a  part  of  the  jejunum,  and  towards  the  outer  side  to  a  |>art  o 
splenic  Hexure  of  the  colon. 


tSupran'iial  area 


Suprarenal  area 


llipatic  rir&i 


l»iirnion.il  area — 


('olio  ilPfA 


UMc  a 


Fir,.  803. — The  Kidneys  and  (Jkeat  Vessei.s,  viewcil  from  the  front  The  drawing  was  made, 
removal  of  tlio  or;r:ins,  from  a  s}K»cimeii  in  which  the  viscera  had  l)eeu  faanicned  in  situ.  The 
liu«'s  mark  out  the  areas  which  were  in  contact  with  the  various  other  abdoniiua]  viscera. 


The  rig] it  and  left  coHc  arteries,  or  their  branches,  as  they  ])ass  outwards  to  rcac 
colon,  are  often  related  to  the  anterior  aspects  of  the  corresponding  kidneys.  The  s] 
vessels  pass  outwards  in  front  of  the  inner  ptirt  of  the  left  kidney  (Fig.  797). 

The  anti-'rior  surface  of  a  kidney,  which  has  been  hardened  in  situ,  is,  lik< 
posterior  surface,  not  uniformly  rounded,  but  marked  by  a  series  of  impres 
corresponding  to  the  diffei*ent  stnictures  which  Ue  in  contact  with  it  In  the 
of  each  kidney,  the  most  prominent  region  on  the  anterior  surfiEU^  lies  belovi 
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The  urino  secn'ted  by  the  kidney  escapes  through  these  foramina  into  the  up] 
part  ol'  tlie  ureter. 

Kidney  in  Section. — Sections  (Fig.  804)  through  the  kidney  sliow  it  lo 
for  the  most  jjurt,  composed  t»f  a  iiumljer  of  pyramidal  masses  arnm^^eil  with  \Y 
leases  towards  tlie  surface,  wliile  their  apices  project  into  the  sinus  I'f  the  kidi 
and  form  tlie  renal  papillte  already  mentioned.  These  are  termed  the  mednll 
pyramids  (]»yramides  renales),  and  together  c<»nstitute  the  medulla  (sul'Stantia  uitd 
laris)  of  the  kidney.  Tliey  are  more  numerous  than  the  papillie,  two  or  three  \\<\vt 
ending  in  each  papilhi  in  the  middle  part  of  the  kidney,  and  sometimes  as  maun 
six  or  even  more  in  each  papilla  near  the  upper  and  lower  ends  of  the  organ.  1 
hases  of  the  pyramids  do  not  reach  the  surface  of  the  kidney,  but  are  separa 
from  it  by  a  thin  layer  of  kidney  substance  CiiUed  the  cortex,  or  cortical  pari 
the  kidney  (substantia  corticalis).  The  cortical  substance  not  only  covers  o\vt 
bases  of  tlie  pyramids,  Init  also  sends  in  prolongations,  called  columns  of  Bez 
(columna*  renales),  between  the  pyramids,  towards  the  sinus.  The  medullary  | 
of  the  kidney  exhibits  in  secti(»n  a  striated  appearance,  while  the  cortical  par: 
more  granular  and  usually  dilferent  in  colour.  The  outer  j>art  of  each  pyranjid. 
the  intermediate  zone  (basis  pyramidis;,  as  it  is  termed,  appears  in  ^*ection  to 
conii»os(»d  of  alternate  dark  and  light  streaks,  while  the  inner,  or  papillary  pi 
which  is  of  a  lighter  colour,  is  mon*  uniformly  and  faintly  striated. 

In  sections  of  ih(5  kidney  tlu;  larger  1  »lood-vessel8  are  seen,  after  they  hi 
entenul  tiie  kidney  substance,  to  lie  lietween  the  pyramids;  some  of  tht-ir  ni 
branches  are  also  visible  passing  across  the  bases  of  the  pyramids. 

Ill  the  fu'tursaiui  yniiiigchikb  and  sumetnnes,  though  much  less  ilijstiiietly,  m  thf  aiii 
tiie  surface  of   the  kiduey  is   marked  by  a   number  of  grooves  dividing  it  into  jk»]y;:<j 

areas.  These  represent  tht-  K' 
(lobi  renales)  or  "  lienculi, " 
which  the  kidney  is  «;rigiu;i 
couijK)sed,  and  eacli  <*orrf.sin'i 
to  one  papilla  with  its  pynuu 
and  surroiniding  cortical  >i 
stance. 

An  examination,  with 
ordinary  pcx^^ket  It-n.s.  ««f 
section  through  the  kidii 
shows  that  the  lighter  .<ti 
of  the  intern lediat**  zinie  i 
continued  into  the  corl^ 
As  t  hey  jMiss  through  t  hi'cort 
towards  the  surface  of  l 
kidney  they  lieconie  Ie.?s  d 
tinct,  and  apix*ar,  when  c 
longitudinally, as  s*>iKtraterj 
like  prolongations  carrie*!  ei 
ward  from  the  liaises  of  i 
pyramids.  TIiest>  ^wrts  of  t 
cortex,  which  seem  in  this  way  to  be  continuations  of  the  medulla, an»  calleii  medulla 
rays  ^i^ars  ratliala\  and  the  portions  of  kidney  cortex  which  inter\'eiie  betwin-n  iln' 
ffjrm  the  labyrinth  qjars  convohita,  Fig.  S06).  The  appearance  pre-sentetl  ]»v  rl 
( nrtfx  (if  the  kitlney  in  seeliou  varies  much  .according  to  the  plane  in  which  \\ 
MMti(»n  lias  iH'cn  taken.  1  f  the  section  ])as8es  through,  and  lies  j»iini]K'l  t«>  :1 
axis  of  a  ]»yra!iiid.  the  medullary  rays,  met  with,  will  ap])ear  as  isolated  stn.a! 
■lirecltMl  fi«»iii  tiie  base  of  ijie  ])yramid  towards  the  surface  of  the  kidney  and  sei>aMt< 
tVoni  one  anntlur  by  narrow  stri]»s  or  intervals  of  lal»yrinth.  On  the  <.»ther  liaihl.  i 
sections  made  at  right  angles  to  t  be  axis  of  a  ]»yramid.  or  cutting  tliis  axis  oiJiipJel 
the  labyrinth  pi.rtinii  (.f  tjie  coriex  ])resents  the  ajipearance  of  a  continuous  net  tl 
nn'shes  «if  wliicb  are  (»ecu}>ied  by  tlie  medullary  rays,  and  these  latttT  now  exhih 


luUnnfliale 


P.ipilln^ 


Mt'dullary  fiymiiiid 


Fi';.  ^ur>.— Skction  Thkoi.j.h  a  IN.uoion  hk  thk  Kid>-kt. 

Tlio   ilarkcr    i  arts  xti. uniting'   ihi-  im'iliilhiiy  rays,  rcpruMjiit    tin* 
lal"}rinth  porti^Mi  of  tlii'  oortfX. 


a  circuhir  or  oval  outline  .Fig.  80o). 


In  a  similar  manner  sections  through  tl 
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Vessels  of  the  Kidney. — Tlie  renal  artery  is  very  large  in  pro}K)rtion  to  the  >m-i 
tlie(H*gan  to  which  it  convoys  blood.  Its  main  branches,  as  they  approach  the  kidinrVT. 
enter  llie  hilnni,  He  between  the  tribntiiries  of  the  renal  vein  in  fnjiit,  au«l  the  urtx 
beliind.  Witiiin  the  sinns  of  the  kidney  the  branches  of  the  renal  artery  hw.^ 
arr;injj:cd  in  a  dni*sal  and  a  ventral  grouj>,  the  doi-sjd  vessels  lying  behind,  tlie  ventmi  v1k« 
in  front  of  tiie  siilKlivisions  of  the  ureter.  The  ventral  group  of  vessels  ssupplit'S  rht-  w-r 
of  the  kidney  wiiieh  forms  the  anterior  and  outer  walls  of  the  sinus;  the  distrihutini.  : 
the  dorsal  *rioup  is  for  tlie  most  jjart  restricted  to  the  ixjrtion  of  tlie  kidney  whirlj  Ik. 
beliind,  and  to  the  inner  side  of,  the  sinus.  Entering  the  substance  of  the  kidney  in  :i.. 
manner  described  above  (p.  11 -jT),  the  larger  arteries  lie  in  the  intervals  l»etwfvu  il-. 
pyramids.  ;ind  are  called  the  interlobar  arteries  (arteria*  interU>Kares  reiii.-s).  The^e  vi-iv .. 
fhvidinL',  form  a  series  of  incomj)lete  artcj'ial  arclies  (arteriie  arcifonnes),  which  pass  :ir~. 
tlie  ba^es  of  the  pyramids.  Although  we  speak  of  arterial  arches,  it  uinst  be  inid'jr':::". 
that  un  anastomosis  between  the  branches  of  the  interlobar  arteries  actually  takis  j*!:i;.. 
l>ut  that  each  artery  which  enters  the  wall  of  the  kidney  sinus  iias  an  i-snlatu*]  dist Hi ■;;•.;■:. 
and  pofssesses  the  chamcters  of  an  end  artery.  From  the  arches  two  chief  ftur>  '• 
branches  come  oft-  tlio.se  of  (»ne  set  are  continued  towards  the  })criphcry  and  enter:;, 
labyrinth,  while  those  of  the  second  set  pursue  a  reciUTent  course  and  enter  il.- 
intermediate  zone  of  the  medulla.  The  latter  vessr-ls,  called  arteriole  rectse,  give  rise*' 
till?  coarsely-striated  a[)pearance  wliich  this  })iirt  of  the  kidney  exhibits  in  section.  F-u-j 
of  these  vessels,  entering  the  medulla,  divides  into  a  number  of  tine  bi-aiiehes  which  n:i 
nearly  parallel  to  one  another,  and  su]»ply  the  tubules  in  tiiis  region  of  tlie  kidney.  Th* 
vessels  directed  outwards,  or  interlobular  arteries  (arteria?  in  terl  obi  dares),  pass  thrr.Uirlitii- 
labyrinth  towards  the  surface  of  the  kidney.  They  give  ofl*  a  number  of  short  l>r;iiicht-«. 
termed  vasa  afferentia,  each  of  which  proceeds  to  the  dilateil  extremity,  or  cajisule,  v\  : 
uriiiiferous  tulnde.  Here  the  vas  atl'erens  breaks  up  into  a  nuich  convoluted  capillary  n:av 
called  a  glomerulus,  which  is  contained  within  the  invagination  of  the  capsule.  The  litt! 
vein  which  issues  from  the  glomerulus,  or  vas  efferens,  instead  of  nmning  directly  into; 
larger  vein  breaks  up,  after  the  manner  of  an  artery,  into  capillaries  which  supply  tli 
tubules  of  th(.*  labyrinth  and  medullary  rays.  Hence  almost  all  the  blorxl  which  supplii- 
the  tubules  of  the  cortical  part  of  the  kidney  passes  in  the  first  instxtiice  thr«.ni;rh  tli 
glomeruli.  Souic  of  the  tubules  of  the  intennediate  zone  also  receive  their  blo< id-suppl 
tlinniLrh  vasa  ett'erentia  derived  from  the  glomendi  which  lie  near.  These  little  vt>>el 
passing  from  glomeruli  into  the  intermediate  zone  of  the  medulla  accompany  the  iirteriol: 
recta'  and  are  sometimes  spoken  of  as  false  arterir)he  rectte. 

The  fibrous  capsule  of  the  kidney  receives  minute  bnmches  from  the  interh.ihiilii 
arteries,  some  of  which,  piercing  the  cajisule,  comnumicate  by  capillaries  with  tlie  vessels  i 
the  luuica  adiposa. 

\  eins  eorres[K)nding  to  the  interlobular  arteries  and  arteriohe  rectie  collect  the  blcM' 
from  the  capillaries  surrounding  the  tubides,  and  luiite  to*  form  a  series  of  complete  arcLt 
across  the  bases  of  the  j)yrami(ls.  From  these  venous  arcades  vessels  arise,  which  traviT 
the  intervals  between  the  pyramids  and  reach  the  sinus  of  the  kidney,  where  tliev  unii 
to  form  the  doi*sal  and  ventral  tributaries  of  the  renal  vein.  Some  small  veins  in  tii 
su[)erHcial  part  of  the  cortex  connnunicate  through  the  fibrous  capsule  with  minute  vein 
in  the  tunica  adi})0sa. 

Nerves  of  the  Kidney.— The  nerves  of  the  kidney  accompany  the  branches  of  di 
artery,  and  issue  from  the  renal  plexus. 

I'rom  clinical  evidence  it  would  appear  that  the  nerve  fibres  which  reacli  the  kidnev  ai 
derive<i  from  the  tenth,  eleventh,  and  twelfth  thoracic  nerves.  The  minute  branches  of  tli 
nerves  form  regular  net -like  j)lexuses  on  the  walls  of  the  fine  arteries  and  kidney  tuhul»? 
and  the  presence  of  nerve  terminations  occurring  among  the  epithelial  cells  lining  lii 
tubules  has  recently  been  demonstrated. 

Variations.— A  marked  dil!frtiin«  in  tlu^  size  of  the  < wo  kidneys  is  .sometime*  ol»ser\v« 
.1  sinall  ki'ln.'V  oil  iau-  .-ridt;  of  the  IukIv  being  usually  oomm^nsated  for  by  a  large  kidney  on  tli 
oppo-iite  suh*.     Tasrs  of  coiiijjli-te  al»r«»-iire  of  one  or  other  kimioy  ar<»  riK.*onie«l. 

Ti;u«-s  of  tJH'  su]M-rfn:ial  lobulation  of  the  kidney,  pi"e,seiit  in  the  fcctus  and  young  child,  ar 
lift  ell  ret.tiiHMl  in  tin*  ailult. 

Horse  shoe  kidney  is  not  an  infreipimt  ahiionnality.  In  these  cases  the  two  kidneys  -ir 
uniti'd  :jt  th«*ir  lowrr  e.lld^,  ari-osa  tin'  middle  liu«',  by  a  ronneoting  piece  of  kidney  .suhetaiio 
The  ainnunt  of  fu-iim  hrtwei-u  the  two  kidneys  varie?*  nnicli ;  it  is  sometimes  v«rrr  ctimpM* 
\slnlir  in  other  lases  it  is  hiit  slight,  the  connexion  being  chiefly  comi)08ed  of  fibrous  tis^up. 

In  VI  TV  rare  rases  the  kidney  appears  t(»  he  almost  entirely  surrounded  bv  peritoneum  and  t 
Im-  aiiaohetl  to  the  alnloniinal  wall  by  a  kind  of  niei»eutery,  enclosing  the  ve»selb  and  nervt«  pa.'^ici 
to  the  hiluni.     The  eon<lition  is  U'lievid  to  Ik*,  congenital 
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Not  very  infrequently  one  or  both  kidneys  are  found  at  a  muck  lower  level  than  usual,  and 
occupy in£^  a  position  in  the  iliac  fossa  or  the  pelvic  cavity.  This  condition,  when  congenital,  is 
aseociat^a  with  an  arrest  in  the  normal  change  in  jKwition,  relative  to  surrounding  structures, 
which  the  kidney  experiences  during  development.  In  such  cases  the  kidney  does  not 
receive  ita  blood  supply  from  usually  place<l  renal  arteries,  but  from  vessels  which  arise  from 
the  lower  end  of  the  aorta,  or  from  the  iliac,  or  the  middle  sacral  artery.  Theije  congenitally 
ahnormally  situated  kidneys  do  not  usually  ix)sse8S  the  typical  outline  of  the  normal  organ,  but 
vary  nmch  in  shapt^  and  the  hilum  is  often  directed  downwards  and  not  inwards. 

In  some  mammalian  animah*,  such  as  the  bear,  the  ox,  the  por^x)ise,  etc.,  the  kidneys  are  com- 
posed of  a  number  of  completely  isolated  lol)es,  each  of  which  corresjwnds  to  one  papilla,  its 
pyramids  and  surrounding  cortex  ;  while  in  others,  such  tis  the  horse,  the  fusion  of  tlie  lobes  is 
more  complete  even  than  in  the  human  kidney,  and  a  single  mass  represents  the  united  papillae 
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The  Duct  of  the  Kidney. 

Tlie  duct  of  the  kidney  begins  above  iu  a  thin- walled  funnel-shaped  expansion 
called  the  pelvis  (pelvis  renalis),  pLieed  partly  within  and  partly  outside  the  sinus 
of  the  kidney.  Towards  the  level  of  the  lower  end  of  the  kidney  the  part  of  the 
pelvis  which  lies  outside  the  sinus  diminishes  in  calibre,  and  forms  a  tu])e  termed 
the  ureter  (Fig.  807). 

Pelvis  of  the  Kidney. — ^Within  the  sinus  of  the  kidney  the  i>elvis  lies  for  the 
most  part  behind  the  larger  renal  vessels,  and  is  formed  by  the  junction  of  two,  or 
more  rarely  three,  thin -walled 
tubes  (calyces  majores),  each  of 
which  has  a  number  of  branches 
These  latter,  callbd  inftindibula, 
or  calyces  (calyces  renales),  are 
short,  and  increase  in  diameter 
as  they  approach  tlie  sinus  wall. 
Their  wide,  somewhat  funnel- 
like ends  enclose  the  renal 
papillai,the  secretion  from  which 
they  receive  and  conduct  to  the 
pelvis.  Tlie  calyces  are  usually 
about  twelve  in  number,  one 
calyx  sometimes  surrounding 
two  or  even  three  papilhe.  The 
portion  of  the  pelvis  that  lies 
outside  the  kidney  has  in  front 
of  it,  in  addition  to  the  renal 
vessels,  on  the  rii^ht  side  the 
second  part  of  the  duodenum, 
and  on  tlie  left  side  a  part  of 
the  pancreas  and  sometimes 
the  duodeno  -  jejunal  flexure 
(Fig.  794). 

Ureter. — The  ureter  is  the  vessel  which  carries  the  urine  from  the  pelvis  of  the 
kidney  to  the  bladder.  It  is  a  pale-coloured  thick-walled  duct  with  a  small  lumen. 
While  in  situ  it  has  a  total  length  of  about  ten  inches,  and  lies  throughout  its 
whole  course  behind  the  peritoneum,  to  which  it  is  closely  connected,  in  the  sub- 
peritoneal tissue.  In  its  upper  part  the  ureter  lies  in  the  aMominal  cavity,  and  in 
its  lower  part  iu  the  pelvic  cavity  (Figs.  796,  794,  and  808). 

Tlje  normal  ureter,  in  the  flaccid  condition,  measures  after  its  I'emoval  fi-om  the  hody  eleven 
to  fourteen  inches. 

The  abdominal  portion  of  the  ureter  (\)ars  abdominalis),  about  five  or  five  and  a 
half  inches  in  lenj^th,  is  directed  downwards  and  slightly  inwards,  and  lies  upon  the 
psoas  muscle.  Certain  structtures  are  related  to  the  ureters  in  a  similar  manner  on 
each  side  of  the  body;  for  instance,  the  abdominal  portion  of  each  ureter  is  crossed 
very  obhquely,  on  its  anterior  aspect,  by  the  spermatic  or  ovarian  vessels,  and 
behind  each  duct  the  ^eni  feo-crural  nerve  passes  downwards  and  outwards.    Other 
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Fi(».  807. — L<»N(;iTUDiNAL  Section  of  the  Kidney,  openino  up 
THE  Kidney  Sinus. 

The  pelvis  of  the  ureter  and  some  of  ita  CAlyces  have  been  laid 
open  as  they  lie  within  the  sinus. 
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fitructures  nn*  related  to  the  duct  of  the  riglit  or  left  side  alone  ;  on  the  right  sd 
the  de8ce^ldillJ:,^  or  second,  part  of  the  duodenum  lies  in  front  of  tlie  upjKT  part  of  rh 
ureter,  and  the  lin<'  of  attachment  of  tlie  mesentery  crosst^s  it  lower  down,  ju«t  i«fc: 
the  vessel  ent(Ms  the  pelvic  cavity.  On  the  left  side  of  the  l»ody  the  line  of  attacf 
nient  of  the  mesentery  of  the  pelvic  colon  crosses  the  ureter. 

Crossini^f  the  common  iliac,  or  the  external  iliac  artery,  the  uret-er  enters  th 
pelvis.  The  left  ureter  more  usually  crosses  the  comniou  iliac  artery,  tlie  rijli 
vessel  in  most  cases  lies  across  the  external  iliac,  but  this  arrangement  is  Iri: 
means  constant. 

The  pelvic  portion  of  the  ureter  (pars  pelvina)  is  about  four  or  four  and  a  hit 
inches  in  length,  and  passes  downwards  on  the  side  wall  of  the  pelvis,  imniediut^l 
beneath  the  peritoneum,  describing  a  curve  which  is  convex  backwards  and  outwar: 
(Fig.   808).      The  most  convex  portion  of  this  curve   lies  close    to   the  dnepie 
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Flu.  80S.— Mkslm.  Section  \)V  an  Adilt  Male  Pelvi.^i. 

The  coils  ol"  the  Mn.-ill  intestine  wliich  lay  within  the  i>elvis  liave  heeii  lifted  out  iu  onler  to  give  a  virw  of :': 
.■side  wall  «'f  the  ]ielvic  cavity.     The  iterit<'neuin  is  coloureil  blue.      Tlie  separntion  of  the  UaiMerfr- 

the  iin>-*tate  is  indicated  somewhat  diajJTannnatically. 

part  of  the  great  sciatic  notch  (Figs.  831  and  854).  In  its  course  within  tli 
pelvis  tlie  ureter  lies  in  front  of  the  internal  iliac  artery,  and  crosses  the  inner  aspet 
of  the  ol»turator  nerve  and  vessels  and  of  the  obliterated  hypogastric  artery.  Abou 
the  level  of  the  ischial  s])ine  the  ureter  bends  somewhat  inwards  alx)ve  the  fasciae 
tln>  ]>elvic  lloor,  to  reach  the  bladder,  and  in  this  position  it  is  crossed  on  its  inn^ 
side  by  the  \'art  deferens.  A  little  further  on  in  its  course  the  ureter  comes  ini 
lelationshi])  with  tlu^  up]>er  end  of  the  vesicula  s(^iuinalis,  in  front  of  which  it  lie 
as  it  i)ierc<*s  tlie  blackbr  wall.  The  ureter,  as  it  passes  inwards  to  tlie  bladder,! 
[>laced  on  an  anterior  and  deei)er  ]>lane  than  the  vaa  deferens,  and  is  surrounded  b] 
a  dense  ]»lexus  of  veins,  connecting  the  vesical  and  prostatic  plexuses  with  thi 
internal  iliac  vein.  AVhen  the  right  and  left  ureters  reach  the  bladder  they  are  j 
little  nu>re  than  two  inches  apart  and  they  pierce  the  bladder  wall  very  obliquely 
lying  embedded  within  its  muscular  tissue  for  nearly  three  quarters  of  an 
inch  of  their  length.     Finally,  they  open  into  the  bladder  by  two  small  slit-like 
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Tho  iiiucous  incml)rane  of  the  Ccalyces  and  of  the  pelvis  of  the  kidney  possess 
epitheliuni  reseiiibHng  that  of  tlie  ureter.  Where  each  renal  papilla  project- 
one  of  the  calyces  a  deep  circular  recess,  or  fornix,  is  formed  ]»etNvet?n  the  w; 
tlie  calyx  and  the  sloping  side  of  the  papilla;  at  the  hottom  of  this  re^ys 
epithelium  of  the  calyx  becomes  continuous  with  that  covering  the  jjapilli. 
the  formina  papillaria  the  epithelium  joins  that  of  the  kidney  luhult^*. 
muscular  iihres  in  the  wall  of  the  calyces  and  of  the  pelvis  are  coUectt^d  into  1. 
arranged  hiindlea  separated  by  wide  intervals  occupied  by  fibrous  connective  : 
As  in  the  ureter,  the  outermost  and  innermost  fibres  run  in  a  Inngitudina 
intermediate  ones  in  a  circular  direction.  Tho  circularly  arranged  tibref? 
form  a  distinct  layer. 

The  al)doniinal  part  of  the  ureter  receives  its  blooil  supply  from  the  n-ii.i 
spermatic  arteries;  tlie  pelvic  portion  is  supplied  by  the  superior  vesica! 
middle  hjemorrhoidal  vessels. 

Tlie  nerves  of  the  ureter  reach  it  through  the  renal,  the  sj>erniatic,  an 
hypogiistrio  ]>lexuses. 

Variations. -  T 1 1 c  iu\*t e r  i s  smm  t i 1 1 h  s  re ^j >n*si*i 1 1 erl  1 » y  t wo  tii  1  k-s  iu  i t s  u p] m- r  ] « •  i li « .i i .     h 
<aM\s  it  is  r|<)u])l«'  tlno\i;^'li(»ut  tlir  givator  j»art  of  il^^  extent,  or  ovi'ii  its  whole  li'ii":t]i  li 
]M'lvis  of  the  ki(h)«'y  to  xhv  Mjuhlcr.     In  sudi  casiffl  there  may  lie  two  opMiiiii^  int«»  tin   '  1 
Asymnii^try  as  ivt^'jii-ds  such  alainrmalitios  in  very  common. 

Variati(»iis  in  th«?  funii  uf  the  jn-lvis  of  tlic  kidnuy  are  of  frequent  nci-iirreiici'.  M<«-r  i 
tlie  ])flvis  (livide.s  into  two  ]ari,'«*.  siilxli  visions,  one  of  which  pa^st'S  in  tin*  direction  of  !h<- 
tlic  otlicr  in  that  of  the  lower  jMih-  of  tin*  kidney.  In  some  cases  tliese  liranehcs  eonu-  off ;! 
from  th«  nrctrr  without  tlie  intervention  of  a  i>elvi8,  or  a  snlWivision  may  h-ad  to  tlur  t«Tr 
(if  two  pelves. 

THE  BLADDER. 

The  bladder  (vesica  urinaria)  is  a  hollow  muscular  organ  situated  in  the  an 
]»art  of  the  pelvic  cavity,  beliind  the  symphysis  pubis.  It  lies  in  front  iv 
r^Hjtum,  from  which  it  is  separated  in  the  male  by  the  seminal  vesicles  am 
terminal  portions  of  the  vasa  deferentia,  and  in  the  female  by  the  vagina 
uterus.  The  Idndder  wall  is  chiefly  composed  of  muscular  tissue,  and  itsthie 
and  the  size  of  the  contained  cavity  depends  on  the  amount  of  fluid  withii 
or'^'an.  The  right  and  left  tireters  which  convey  the  fluid  secreted  by  the  kii 
open  into  tho  lower  and  under  part  of  the  bladder  about  half  an  [ueh  froi 
mesial  plane ;  also  the  urethra,  or  canal  by  which  the  urine  reaches  the  siii 
ojjens  into  the  bladder,  its  aperture  lying  in  the  middle  line  of  the  umler  }•; 
tlie  bladder  wall,  not  far  from  the  openings  of  the  uret-ers,  but  on  a  lower 
anterior  plane.  The  size  and  shai>e  of  tlie  bladder,  and  also  to  a  great  extei 
relations,  vary  with  the  amount  of  distension,  or  contraction,  of  the  organ.  T 
the  liladder  is  empty,  or  only  slightly  distended,  it  lies  within  the  i>elvic  c* 
as  it  becomes  filled  with  urine  it  rises  above  the  pubis,  and,  crossing  the  \ 
lirim,  ontei-s  tlie  abdominal  cavity.  These  changes  aflect  chiefly  the  iipjier  \k\ 
the  Ijladder,  which  becomes  altennl  in  8hai)e  and  size,  and  acquires  new  conne: 
and  relations ;  the  1ow(t  portion  varies  but  slightly  with  the  amount  of  liistei 
of  the  organ  (see  Figs.  809  and  810).  The  jxwition  occupied  by  the  bhi 
depends,  to  a  certain  extent,  on  the  condition  of  the  rectum,  for  when  the  1 
]iart  of  the  rectum  is  distended,  the  bladder  as  a  whole  is  thrust  somewhat  upv 
and  forwards.  The  upper  part  of  the  bladder  is  covered  by  peritoneum,  whii 
reflected  on  to  it  from  the  anterior  abdominal  wall  in  front,  from  the  sides  oj 
jjclvis  laterally,  and,  in  the  wale,  across  the  seminal  vesicles  and  terminal  par 
the  vasa  dfferentia  from  the  rectum  behind.  In  the  female  the  peritoneum  p 
(ni  to  the  Idadder  posteriorly  from  the  anterior  surface  of  tlie  uteru.s. 
l>eritoneum  dips  down  posteriorly  for  a  certain  distance  l>etween  the  bladder 
re(rtum  in  the  male,  forming  the  recto-vcsical  or  recto-genital  pouch ;  in  the  fei 
a  slit-like  [mritoneal  depression,  called  the  utero-vesical  pouch,  intervenes  teti^ 
tlie  anterior  surface  of  (he  uterus  and  the  bladder  (Fig.  818).  The  under  jai 
the  bladder  which  lies  IkjIow  the  i)eritoneum  is  for  the  most  part  directed  torn 
the  pelvic  floor.     In  the  middle  line  it  is  supported  by  the  sjTnphysis  pubis  and 
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retro-pubic  pad  of  fat ;  further  back  in  the  male  it  rests  upon  the  prostate  and  on 
the  lower  part  of  the  rectum,  from  which  latter  it  is  separated  by  tlie  vesiculae 
seiuinales  and  the  terminal  parts  of  the  vasa  deforentia.  In  the  female  it  rests 
upon  the  anterior  wall  of  the  vagina.     Liiterally  the  bladder  is  supported  by  the 
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Fio.  809.— Me-sial  Skction  thiu>i'<jfi  the  Male  Pklvis. 

Tlie  liliuMer  contains  but  a  small  amount  of  lluid.  Tlie  scpanition  U'twiftn  tlie  bladder  .iml  piostatr  is  shown 
somewhat  diagram  mat  ically.  Drawn  from  a  preparation  in  tht-  Anatomical  Dt'parlineiit,  Triiiit  v  ( 'ollei^o, 
Dublin. 

levatores  ani  muscles,  and  furtlier  from  tlie  middle  line  it  is  in  contact  on  each 
side  with  the  obturator  internus;  it  is  separated  from  botli  of  these  muscles  by  a 
layer  of  the  pelvic  fascia. 

The  o|)ening  of  the  uretlira,  or   internal  urethral  oriflce   (orificiuni    urethra^, 
internum),  is  placed  in  or  near  tho  part  of  the  bladder  wall  which  lies  lowest  in 
the  ])elvic  cavity.     The  term  neck  or  cervix,  is  often  ai)plied  to  this  rej^ion,  the 
bladder  appearing  as  if  it  were  suddenly  constricted  here  to  form  the  uretlira.     The 
j)ortion  of  the  bladder  wall  behind  the  urethral  orifice,  which  is  directed  in  the 
viale  towards  the  anterior  wall  of  the  rectum  and  lies  IdcIow  and  in  front  of  the 
recto-vesical  pouch,  is  called  the  base  of  the  bladder  (fundus  vesica*) ;  it  is  closely 
related  to  tho  seminal  vessels  and  ampullae  of  the  vasa  deferentia.    The  corrcs|>on(l- 
iiifjj  part  of  the  bladder  in  the  female  rests  aj^ainst  the  anterior  wall  of  tho  vagina. 
The  term  apex,  or  summit  of  the  bladder  (vertex  vesiciiO  i^  app^i^-d  to  the  portion 
which  lies  nearest  to  the  upyier  border  of  th(^  symphysis  when  the  organ  is  empty, 
and  rises  high  above  the  pubis  into  the  alKloiuiual  chvlV^  NA\eiv  Uao  )Aadder  is 
distended.     Tonnecte^l  with  the  ai)cx  of  the  l>ladcler  i^  a  f\\vto\\9>  ^o^^^  (Wgivmentum 
umbilicale  medium)  which   passing  upwaixls,  in   \,\\^j  ^^\^^(5^\\^\^^^^^  ^"^^  V^*^^^^ 
aspect  of  the  anterior  «if>doininal  wall  reaches   vAxa  .\r^\\v^  \\o\V^>^^  w^xeaewts  the 
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Bladder  apex 


^hen  the  bladder  is  full  and  the  rectum  empty,  and  at  its  highest  level  wheu  the 
jladder  is  empty  aud  the  rectum  distended. 

Under  Aspect  of  the  Bladder. — The  lower  part  of  the  bladder,  which  is  directed 
towards  the  pelvic  tloor,  changes,  as  we  have  seen,  but  slightly  with  the  varying 
amount  of  distension  of  the  viscus.  When  the  organ  has  been  carefully  hardened 
before  its  removal  from  the  body,  it  is  possible  to  map  out  on  its  under  aspect  tliree 
convex  triangular  areas,  which  may  be 
distinguished  from  one  another  by  the 
directions  in  which  they  look.  The 
three  areas  approach  one  another  in 
the  region  of  the  urethral  oritice,  where, 
iu  the  male,  a  portion  of  the  under 
aspect  of  the  bladder  wall  isstructurally 
continuous  with  the  upper  part  of  the 
prostate.  •  Behind  the  urethral  orifice 
is  a  triangular  district,  directed  down- 
wards and  backwards,  and  related,  in 
the  mule,  to  the  seminal  vesicles  and 
the  terminal  portions  of  the  vasa  de- 
ferentia  which,  together  with  the  recto- 
vesical layer  of  the  pelvic  fascia,  inter- 


Lateml  border 
Itir^ru-lateral 

Arpft  rontimious 
with  pruitate 


Ba»  uf  bladder 


Ureter 


liif^ro-lateral 
nrcA 


Fio.  811. — Under  Aspect  of  the  empty  Male  Bijiddek 
from  a  subject  in  which  the  viscera  had  been  liar- 
dened  in  situ, 
Vene  in  this  position  between  the  bladder    The  prostate  has  been  severed  from  the  bladder,  and  the 

and  the  rectum.     This  triangular  area         ^^*^  ^J^,  ^"  the  drawing  indicates  the  iK,.sition 

I.    1      11     iT      "*•"«'  •^•^"•"o     «*  "'*^"'  where  the  two  structures  were  continuous. 

Dt  the  bladder  wall  is  known  as  the  base, 

^r  postero-inferior  sor&ce  of  the  bladder,  and  in  the  female  it  is  directed  against  tlie 
interior  wall  of  the  vagina.  The  rest  of  the  under  aspect  of  the  blackU^r  is  furnjed 
l)y  two  infero-lateral  areas,  or  surfaces,  which  meet  in  the  middle  line  in  front  of  the 
iiretliral  orifice,  and  are  directed  for  the  most  part  downwards  and  outwards 
;«ee    Fig.   811).      Each   of  these   areas   extends   backwards  to  join   the  postero- 

,,,  I ,  inferior  surface,or  ba8e,alon<^  a  lounded 

|JLii|i|<'f  tiprx  ,.11.  1  1 

border  which  lies  between  tlie  pomt 
where  the  ureter  reaches  the  bladder 
and  the  urethral  orifice.  The  infero- 
lateral  part  of  the  bladder  wall  rests 
against  the  fascia  covering  the  levator 
ani  and  the  ol)turatorinternus  muscles, 
and,  nearer  the  middle  line,  upon  the 
pubes  and  retro- pubic  pad  uf  fat. 

The  three  rounded  borders  wliich 
mark  off  the  three  triangular  areas  on 
the  under  aspect  of  the  bladder,  just 
described,  extend  from  tlie  region  of 
the  urethral  orifice  to  the  bladder 
apex,  and  to  the  points  where  the 
ureters  reach  the  bladder  wall  (see 
Fig.  811). 

Shape  and  Relations  of  the  Empty 
Bladder. — When  the  bladder  is  empty, 
or  nearly  so,  it  has,  roughly  speaking,  the 
shape  of  an  inverted  tetrahedron,  whose 
apex  corresponds  to  the  point  where  the  urethra  leaves  the  organ,  while  the  base 
of  the  tetrahedron  is  formed  by  the  superior  surface  of  the  bladder.  The  three 
basal  angles  of  the  tetrahedron  correspond  to  the  l)ladder  apex  and  to  the  two 
lateral  angles  of  the  bladder,  or  points  where  the  ureters  join  the  organ.  The  three 
surfaces,  which  meet  inferiorly  at  the  urethral  orifice,  are  only  marked  olY  from  one 
another  by  rounded  borders,  but  as  long  as  the  orgati  is  6^^M^^y»  ^^  ^^^arly  so,  they 
are  separated  by  distinct  borders  from  the  siiperiov  aUf  fj^^e.  These  thiee  areas 
have  been  already  described  as  the  infero-lateri^l  frt.ces  ^^"^  ^^^^  ^^^  ^^  ^^^® 
bladder  (Figs.  811  and  812).      Their  relations  kivv^^   \80   ^^en  indicated.    The 


Ureter 


Seminal  vesicle 
Fiii.  812. — ^The  Bladder,  Prostate,  and  Seminal 
Vesicles,  viewed  from  below. 

Taken  from  a  subject  in  which  the  yiscera  were  hardened 
in  situ.  Same  specimen  as  figure  813,  A.  The 
bladder  containe<l  but  a  small  amount  of  fluid. 
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superior  surface  of  the  empty  bladder  looks  upwards  into  the  pelvic  cavity;  in 
convex  when  the  organ  is  contracted,  concave  when  relaxed.  This  surfiaceiiiecrai 
by  i)eritoneuni,  and  its  outline,  which  is  approximately  triangular,  is  deUflaa 
by  lateral  and  posterior  borders  (Fig.  829;.  The  lateral  borders  of  tlie  «}t 
bladder  are  sharply  marked,  and  extend  from  the  bladder  apex  to  the  lateral  aai 
(){'  the  bladder,  or  points  where  the  ureters  join  the  organ.  They  separairi: 
superior  surface  from  the  infero-lateral  portions  of  the  under  aspect  of  the  liaii 
wall  (Fig.  818,  A).  The  posterior  border  stretches  across  between  the  lateral angi 
of  the  bladder,  and  sei)arates  the  sui)erior  from  the  Imsal  surface  of  the  vistia  ! 
su[)erior  surface  is  related  in  the  male  to  coils  of  intestine ;  in  the  female  r; 
also  related  to  the  anterior  surface  of  the  uterus.  The  lateral  border  of  the  m\ 
bladder  lies  against  the  pelvic  fascia  just  alx)ve,  or  at  the  level  of  the  upj^r  Ei 
of  the  levator  ani  muscle.     The  vas  deferens  crosses  the  side  wall  of  the  \A 


Viiil^r 


Fic.  Slo.-  Thk  Bi-audeh,  1'iuistatk,  and  Seminal  Vesicle,  viewed  khom  the  Oiter  Sidl 
Drawn  from  siKM.imrus  in  wliich  the  viscera  were  hardened  Ijefore  removal  from  tbe  IkxIv.  In  A  tht  Mi 
rontaini'd  l)Ul.  ji  very  small  quantity  of  fluid  ;  in  B  the  quantity  was  souiewliat  greater.  lu  J! 
peritoneum  is  shown  covering  the  upper  surface  of  tlie  bhulder,  and  its  cut  e«lge  is  swi;  whrrr 
retleoled  ahuig  the  lateral  l"mler  of  the  organ.  In  B  the  level  of  the  |»eritonea1  retlexioi:  i-  in'. 
by  a  ilotted  line. 

parallel  to  it,  but  at  a  considerably  higher  level.  In  mesial  section  the  cavi 
the  empty  and  relaxed  bladder  often  presents  the  appearance  of  a  Y-shajwd  d 
tlio  stem  of  the  Y  being  represented  by  the  urethra  as  it  leaves  the  organ,  and  tl« 
lim])s  l»y  the  narrow  intervals  between  the  superior  surface  and  the  under  yn] 
the  l)ladder  wall  which  lie  in  front  of  and  Ijehind  the  urethral  orifice.  This  rel 
form  is  sometimes  described  as  the  diastolic  condition  of  the  empty  bladder,  a 
found  associated  with  a  bladder  wall  of  but  little  thickness,  and  a  concave  i 
surface.  The  condition  is  usually  the  result  of  an  escape  of  fluid  after  d 
when  th ;  bladder  wall  has  lost  the  power  of  contracting.  It  certainly  doe 
represent  a  normal  condition  of  the  organ  in  the  living.  The  iioruial  e 
bladder  is  strongly  contracted,  and  its  wall  is  thick  and  firm.  A  disti 
Y-shaped  appearance  is  not  presented  by  its  cavity  in  mesial  section,  bui 
interior  of  the  organ  is  seen  as  a  simple  narrow  interval  continuous  with  the 
of  the  urethra. 

Distended  Bladder.— As  the  bladder  fills  with  fluid  the  superior  wi 
raised  upwards  from  the  intero-lateral  and  basal  walls,  and,  at  the  same  tim( 
borders  separating  the  suj^erior  from  the  other  surfaces  of  the  bladder  becoi 
first  more  rounded  and  then  obliterated.  The  lateral  borders  of  the  bla 
l.»i?coming  in  this  manner  opened  out,  give  rise  to  so-called  lateral  siirfiio 
the  distended  organ.  These  surfaces,  however,  are  not  sharply  marked 
and  are  directly  continuous  with  the  superior  surface.  During  distei 
also,  the  angles  i)resent  in  the  empty  condition  of  the  organ  become  rou 
as  the  entire  bladder  wall  becomes  more  uniformly  convex.  The  ge 
shape  of  the  bladder  becomes  altered  during  distension  —  from  the  tetrahi 
fi)rm  of  ttie  empty  organ,  already  described,  the  bladder  as  it  becomes  filled  asi 
first  a  somewhat  spherical,  then  an  oval  contour.     During  distension  the  enlai 
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bladder  does  not  appear  to  vary  much  with  the  distension,  or  contraction,  of  the  oigan 
(compare  Figs.  809  and  810),  and  thus  the  fossa  between  the  bladder  and  rectum 


Seinlnul 
venidti 


PrasUUi 


Fig.  815.— Lateral  Aspect  ok  Bladder  containing  ten  ounces  ok  Fluid.     (Normally  di»teLde«l> 
llie  dotted  line  indicates  the  line  along  which  the  peritoneum  was  reflected  from  the  orgaiL 

becomes  relatively  very  deep  when  the  bladder  is  full.     The  bladder  in  normal 
distension  may  contain  as  much  as  one  i)int,  but  in  most  cases  the  organ  is  emptied 


Umchu^ 


Pubic  fipiut^ 


Obliterated  liypo' 
pastric  urtury^ 
Deep  epJgastrJK:  srUT)—^ 


Colon 


Ureter 


De«p  eiiigastnc  vt<Tj 


-- —  Via  deferaDB 


ElHlder  (highest  pdiBt) 


SAcrml  prumouUvT 
Ureter 


CaQUcem  tlbe  «rteT|r 


Fig.  816.— View  looking  into  the  Pelvls  from  above  and  somewhat  behind. 
Tlie  Madder  has  been  artificially  distended. 

when  its  contents  reach  from  six  to  ten  ounces.     Under  abnormal,  or  pathological, 
conditions  the  bladder  cai»acity  may  be  much  increased. 
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VaiTing  Kelationships,  according  to  the  degree  of  Distension  of  the  Bladder. 

— When  the  bladder  is  distended  the  obliterated  hypogastric  artery  may  cross 

forwards  against    its    side,   when    empty  the   obliterated   vessel   wliere    nearest 

often  lies  as  much  as  one  and  a  quarter  inches  above  the  lateral  border  of  the 

organ  (Figs.  808  and  814).    The  vas  deferens,  during  a  part  of  its  course,  is  in  contact 

with  the  side  wall  of  the  distended  bladder,  but  lies  when  the  organ  is  empty 

above  and  parallel  to  the  lateral  border,  only  coming  into  relationship  with  the 

basal  surface  of  the  bladder  beyond  the  point  where  it  crosses  the  ureter.     The  side 

wall  of  the  distended  bladder  is  closely  related  to  the  obturator  vessels  and  nerves. 

Interior   of  the   Bladder. — The    mucous   membrane   lining  ttie   bladder  is 

loosely  connected  to  the  muscular  coat,  and  when  the  bladder  is  contracted  the 

mucous  lining  is  thrown  into  a  number  of  prominent  wrinkles  or  folds  (Fig.  817). 

At   one  place  only  the  mucous 

membrane  is  firmly  connected  to 

the  subjacent  muscular  coat,  and 

the  inner  surface  of  this  part  of 

the  bladder  wall  is  smooth  and 

free  from  wrinkles.     This  smooth 

area,  called  the  trigonum  vesica, 

correspondsto  a  triangular  surface 

behind   the  urethral  orifice  and 

to  the  part  of  the  bladder  wall 

iwrhich  immediately  surrounds  the 

oi)ening.     The  apex  lies  at  the 

beginning  of  the  urethra,  and  the 

base  of  the  triangle  is  formed  by  Ridge  conn^jtingureteraCtonmuret^riciis) 

a  line  drawn  between  the  open-     ^'o-  817.— View  op  the  Interior  op  the  Bladder  in  the 

- r      i.1  i.  •     i.  i.u  REtSION  ^P  THE   URETHRAL  ORIUCE. 

ings    of    the    ureters    into    the 

bladder.  Just  behind  the  urethral  opening  the  bladder  wall  sometimes  bulges 
slightly  into  the  cavity,  owing  to  the  presence  beneath  it  of  the  middle  lobe 
of  the  prostate.  When  well  marked,  as  it  often  is  in  old  people,  this  elevation 
is  termed  the  uvula  vesica.  Stretching  across  lietween  the  openings  of  the 
ureters  there  is  usually  to  ])e  seen  a  smooth  ridge,  which  is  due  to  the  presence 
of  a  bundle  of  transversely-disposed  muscle  fibres,  within  this  part  of  the  bladder 
wall,  beneath  the  mucous  membrane.  This  ridge,  which  may  be  deficient  near  the 
middle  line,  has  been  called  the  "  torus  uretericus,"  and  curved  so  as  to  be  convex 
forwards.  The  lateral  portions  of  the  ridge  which  lie  outside  the  openings  of  the 
ureters  are  called  the  plic»  ureterica,  and  are  produced  by  the  terminal  parts  of  the 
ureters  as  they  traverse  tlie  bladder  wall  and  lie  beneath  the  mucous  coat  of  the 
bladder  (Fig.  817).  In  old  people  the  region  behind  the  trigonum  is  usually 
distinctly  depressed  and  forms  a  shallow  fossa,  sometimes  called  tlie  retro-ureteric 
fossji.  A  less  distinct  shallow  depression  may  sometimes  l)e  observed  on  each  side 
of  the  trigone.  Kound  the  urethral  orifice  are  a  number  of  minute  radially-disposed 
folds  which,  disappearing  into  the  urethra,  lx»come  continuous  with  the  longitudinal 
folds  of  the  mucous  membrane  of  the  first  part  of  that  canal.  The  ureters  pierce 
the  bladder  wall  very  obliquely,  and  so  the  minute  opening  (orificiiim  ureteris)  of 
each  has  an  ellipticiil  outline.  The  outer  boundary  of  each  opening  is  formed  by  a 
thin,  crescentic  fold,  which,  when  the  bladder  is  artificially  distended  in  the  dead 
subject,  acts  as  a  valve  in  preventing  water  or  air  from  entering  the  ureter.  Hence 
the  term  "valvula  ureteris"  is  sometimas  used  to  designate  the  fold.  In  the 
empty  bladder  the  urethral  orifice  and  tlie  openings  of  the  two  ureters  lie  at  the 
angles  of  an  ap])roximately  equilateral  triangle,  whose  sides  are  about  one  inch  in 
length.  When  the  bladder  is  distended,  the  distance  between  the  openings  may 
be  increa.sed  to  one  and  a  half  inches  or  more. 

Bladder  in  the  Female. — In  the  female  the  bladder  is  related  behind  to 
the  uterus  and  upper  part  of  the  vagina.  The  anterior  surface  of  the  uterus  in  its 
upper  part  is  separated  from  the  upper  surface  of  the  bladder  by  the  shallow  utero- 
vesical  \)ouch  of  peritoneum,  but  the  two  organs  are  nevertheless  normally  in 
apposition.     So  close  is  this  relationship  that  the  upper  surface  of  the  bladder  very 
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often  shows  a  sliglit  concavity,  due  to  contact  with  the  convex  anterior  wall  of  {\k 


Cavitv  of  ut/'LUif^ 


(cervix  iit'TiV 
Symphysis  jMil. I- 


Ureter 


Vas  deferens  - 


Fi«;.  818.— Mksial  Section  ok  the  PFJiVifl  in  an  Adult  Female. 

Tlio  cavity  of  tli<-  uterus  is  iiulicatiMl  (li.igraiuiiiatically      From  a  spcciiuen  ia  the  Anatoniio;il  lK']ttrtm«ut, 

Trinity  College,  Dublin. 

uterus.      The   lower  part  of  the  uterus  and  upper  part  of  the   vagina  are  noi 

separated  by  peritoneum  from  the  biisAl 
surface  of  the  bladder,  but  are  in  actual 
apposition  with  it  (Fig.  818).  Thus 
below  the  level  of  the  iitero- vesical 
]iouch,  the  female  bladder  is  related  ii 
much  the  same  manner  to  the  uteru: 
and  anterior  wall  of  the  vagina  as  the 
male  bladder  is  related  to  the  vesicub 
seminales  and  vasa  deferentia.  Tht 
apex  of  the  bladder,  where  the  urachns 
is  attached,  often  lies  on  a  lower  level 
than  in  the  male,  so  that  the  orgin 
even  when  distended,  rises  le^  ftwlj 
into  the  abdomen.  The  bladder  as  i 
whole  is  placed  deeper  in  tlie  pelvi: 
than  in  the  male,  and  the  intenml 
urethral  orifice  lies  just  above  or  just 
l)elow  a  line  drawn  from  the  lower  margin  of  the  symphysis  to  the  lower  end  of  thr 
sacrum  (p.  1146).     Tlie  lower  level  of  the  internal  urethral  orifice  is  probably  cone- 


l*n>Ktatc 


Musculiis  jHibo-vPsicalis 


-     l.'p'thni 


Fk;.  819. — The  Hi.addku  ok  a  nkwly-fdkn   Male 

Child,  viewed  from  the  out^T  siile. 

Tlie  drawing  is  from  a  specimeu  which  had  been 

li.irdenrd  ///  sifit. 
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ilefervns 


retteetiou  the  U'Vin  late: 
false  (or  peritimcal^  lij 
ment  is  ufteii  ain.'li. 
The  Literal  ligamt'Uis 
opposite  sides  are  if 
tinuous  in  trout  at  ■ 
bladder  aiiex,  in  \vh 
position  tlie  peritonei 
is  conducted  ovt-r  i 
fibrous  uord  of  t 
urachus  to  reacli  ihe  i 
terior  abtlomiual  w 
tbrming  th**  so-Ciil 
anterior  false  (or  y* 
toneal)   ligament.     ^^'\ 

Fn;.  821.— ViKw   i.ikikin*;  kuom  awivk  into  thk   I'ki.vis  and   T^)\vf.r    I'he  bladder    IS   empty  1 

I'AKT    OF    THK      AhDOMINAL    CaVITY     IX      A     FlKTlS     OV     AIMMT    IHK     leVCl    Of    this     antCrU»r 
SKVF.NTH    MnMH.  flcCtiOU     HCS     jUSt     Wlli] 

On  tin*  Uift  sidt*.  whirh  ivpiVM-nts  ii  sli^'htly  iiioie  a«lvmii:LMl  comlitiiUi  thiiii    ^^^    just    beloW     the    Ul»] 
the  rijilit.  tlu-  tt-stis  hns  entoixil  the  iiiiriiinal  luiml  :  on  tlu-  right  si«l«  •^    .  .'    ^i   *  i 

tl.i-  testis  is  still  within  the  alHloniinal  cavity.  margin    ot    tllC  syilipJ.V 

pubis.    When  thf  i-ldii'. 
becomes  filled  the  levid  of  tiie  ])erit.nno«'il  refiectinn  forming  tlie  anteriur  f;i^»'  Ii: 

rnirliu> 

IWmMt-T 

iihtiUtntfHi  !iyj-»^!.i:      .-- 


art*-iv 


tia:i*v-r«i 


l'lVl«»T 


Culon 


ttrfflUtr 


Swcnil  i»ii»iii(iiit(iry 

(111  i-tl;^!-  1)1  ]Hll'.nlii>.llit 

Fi<;.  S'1'2.     ViKw  i.i)OKiN«;  lntd  thk  Malk  Pki.vis  khom  ahovk  and  ^><IM^:^VHAT  hkhim). 
Kimii  a  spriiimii  ill  whirh  the  hhuhler  was  tinuly  ri.mtrarti'il  ami  contaiiitrd  but  u  Miiall  aiiiiiuiit  of  riui.L    1 
inira\v««i«;il  tV)«,«a  i».  siM-n  on  racji  >iilo  of  thi'  I'lathliT.     Tlie  •lee]>  {Kfritoneal  |ioiioh  in  front  of  llu*  rr.: 
is  houutlffl  hy  iiiaiki'il  ori'Mviitic  folds  ( sac ro- genital  or  j»osierior  fulst^  ligaiiiciitA  «if  the  blotliUr),  »ii 
nifft  togctluT  .^"inn*  liistaino  U-hintl  the  iM>steri«»r  l»onler  of  the  lihuider. 

meut  is  raised  upwards,  and  may  reacli  a  point  two  inches,  or  more,  above  the  upi 
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largiD  of  the  symphyBiB  pubia     Similarly,  the  lijie  along  whiah  tha  ktenU  i*e: 
toneai  ligament  reaches  the  pelvic  wall  is  also  t-arried  iipwarda  in  diateimioii  of  the 
bladder,  and  may  reach  the  level  of  the  vas  deferens  and  of  the  obliterated  hyj3 
gastric  artery. 

When  the  bladder  is  empty  the  peritoneum  ia  carried  downwards  upon  the  ei 
"wall  of  the  pelvia  as  low  as  the  lateral  border  of  the  organ,  and  Un^.s  a  shall*: 
depression  which  receives  the  name  of  paravesical  fasta.      This  jieritoneal  fi 
lies  below  the  level  of  the  ao-caUed  obturator  fossa,  from  which  it  is  separated 
the  vas  deferens.     As  the  bladder  tills  the  i>eritoneiim  is  raised  otf  this  part  of  the 
iwdvic  wall,  and  certain  structures,  such  as  the  obturator  vessels  and  nerve  ai 
the  vas  deferens,  which  lie  on  the  side  wall  of  the  pelvis,  oonie  into  direct  relatio 
ship  with  the  lateral  aspect  of  the  distended  bladder. 

Posteriorly  the  peritoneum  leaves  the  upper  surface  of  the  empty  bladder  at 
posterior  border,  and  ia  carried  backwards,  forming  a  kind  of  horizontal  shelf »  or 
fold,  for  a  distance  of  about  half  an  inch,  giving  at  the  same  time  a  partial  cove 
ing  to  the  vasa  deferentia  and  upper  ends  of  the  seminal  veaiclea  The  poritoneu: 
then  suddenly  dips  downwards  to  reach  the  l>ottoni  of  the  recto-genital  (or  rec 
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ruh  823.— MsaiAL  SicnoK  or  Titi;  P£lvik  m  4»  AurtT  Uai  i 
eoili*  of  munl\  hntstmc  whlt^h  lay  wttUln  LIih  [whU  Imvt  been  tilted  e*ut  in  ijtd^r  U>  i,n\i'  Jk  vn  «  ^-1 

esical;  poijc/j,  where  it  is  reflected  on  to  the  anterior  surface  of  the  rectm 
j^'^*  ^-^)-  A^f^  i"u.Ie,  no  part  of  the  basal  surface  of  the  oontracte«l  and  einp(| 
liladdar^  reco/vew  a     co vetting  from   the    Y*«ritoneum,  siDce  th©  aeminal   vesicli 

tSff 
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and  terminal  portions  of  the  vasa  defereutia  intervene  as  they  lie  in  tlie  anteri 
wall  of  the  recto-genital  pouch.  When  the  bladder  is  distended  the  postm 
border,  separating  the  upper  and  basal  surfaces,  is  rounded  out,  and  the  peritoneu 
forming  the  horizontal  shelf,  just  described,  is  taken  up  (compare  Figs.  SIO  and  8"2; 
It  is  to  be  si>ecially  noted  that  the  level  of  the  peritoneal  reflection,  foniiing  tl 
bottom  of  the  recto-genital  pouch,  does  not  alter  to  any  considerable  extent  in  di 
tension  of  the  bladder  (Figs.  809  and  810). 

An  oxaminalion  of  mesial  sK'ctions  of  the  ixilvia  hIiows  the  great  danger  run  )»y  tli*-  ampul 
of  tlic*  vasa  deferentia  in  any  operation  for  reaching  the  bladder  through  the  ant^^rior  wall  of  t 
n-ctiHu,  and  the  difficulty  in  avoiding  injury  to  the  peritoneum. 

The  term  "  posterior  false  (or  peritoneal)  ligament "  is  often  applied  t<j  the  son 
what  variable  cresccntic  fold  of  peritoneum  which  bounds  on  each  side  t 
entrance  to  the  recto-genital  pouch,  and  which  often  unites  with  the  fold  of  t 
<)l)posite  side  across  the  middle  line,  behind  the  posterior  border  of  the  IJadderai 
the  vasa  deferentia.  These  folds  represent  the  folds  of  Douglas  in  the  female,  ai 
are  to  be  regarded  as  connexions  of  the  vasa  deferentia  rather  than  of  tlie  bladdi 
lu^nce  the  term  sacro-genital  folds  is  applicable  to  these  structures  in  lK)th  sei< 
The  folds  are  seen  in  Figs.  822  and  823. 

In  the  female  the  peritoneum  is  reflected  posteriorly  from  the  upper  surtiac*? 
the  bladder  on  to  the  anterior  aspect  of  the  uterus. 

The  peritoneum  covering  the  upper  surface  of  the  empty,  or  jxirtly  distended,  Madd 
often  exhibits  a  transversely-disposed  fold  or  wrinkle,  to  which  the  t<»nn  plica  vesica! 
transversa  has  been  applied.  This  fold,  when  well  develoi)ed,  can  be  traccHi  on  to  t 
side  wall  of  the  ])elvis,  where  it  tmverses  the  paravesical  fossa,  and  in  some  cases  it 
found  to  cross  the  pelvic  brim  and  to  be  directe<l  towards  the  internal  al>domiiud  rii 
( Figs.  S22  and  82:^). 

Fixation  of  the  Bladder. — When  the  fibrous  cord  of  the  nrachns  (ligamentu 
umbilicale  medium),  wliich  binds  the  bladder  ai)ex  to  the  anterior  abdominal  wa 
and  the  peritoneal  folds,  already  descriljed  as  the  false  ligaments,  are  severed,  tl 
l)ladder  is  easily  moved  al)Out,  except  in  its  lower  and  basal  parts.  Anteriorly 
is  connected  to  the  })ubis,  and  laterally  to  the  fascial  lining  of  the  pelvis  by  loo 
areolar  tissue  only,  which  permits  free  movement  during  expansion  and  contractio 
Tlie  lower  fixed  part  of  the  bladder  is  chiefly  held  in  place  by  processes  of  tl 
pelvic  fascia,  continuous  with  those  forming  the  capsule  of  the  prostate.  Tl 
fas(jial  connexions  constitute  the  true  ligaments  of  the  bladder,  and  are  describ( 
as  pubo-prostatic  or  anterior  ligaments,  reaclnng  the  bladder  from  the  pubis  in  fron 
and  lateral  ligaments,  reaching  the  bladder  from  the  fascial  lining  of  the  side  wa 
of  the  pelvis. 

In  addition  to  the  urachus  and  the  peritoneal  and  true  ligaments  ahead 
mentioned,  the  bladder  is  supported  and  fixed  in  position,  in  the  region  of  i 
basal  surface,  by  the  dense  fibrous  and  unstriped  muscular  tissue  which  surroum 
the  seminal  vesicles,  the  terminal  portions  of  the  vasa  deferentia  and  the  ureter& 

Laterally  the  strands  of  connective  tissue  and  the  bundles  of  miisele  fibres  forming  thissaj 
|^H)it  ]>ass  Itackwaixls  to  gain  attachment  to  the  fascia  in  connexion  with  tlie  rei'tum,  and  tl 
tront  of  the  sacrum.  Mus<'le  lil>rt*s  connect-ed  with  the  bladder  wall  are  also  found  within  tl 
pubo-prostatic  ligament**,  through  which  they  are  attachi^i  to  the  pubis. 

In  the  female  the  basal  part  of  the  bladder  wall  is  supported  and  lield  in  pla< 
by  its  connexion  with  the  anterior  wall  of  the  vagina.  The  region  of  the  urethr 
orifice  is  the  most  firmly  fixed  part  of  the  bladder  wall  in  both  sexes. 

Structure  of  the  Bladder  Wall.  -The  wall  of  the  bladder  fi-om  without  inwan 
is  composed  of  a  serous,  a  muscular,  a  submucous,  and  a  mucous  coat.  The  serous  COI 
(tunica  serosa),  formed  by  peritoneum,  is  incomplete,  and  covers  only  the  upper  ai 
posterior  parts  of  the  distended  bladder  (Fig.  814). 

A  considerable  amount  of  fibrous  connective  tissue  surrounds  the  muscillar  coat^  u 
penetrating  it  divides  it  intti  numenms  coarse  bundles  of  muscle  fibres.  AH  the  mo8C 
tibres  are  of  the  suK^oth  variety,  and  the  bundles  formed  by  them  are  ananged  in  thn 
very  imperfectly  separated  stmtti  called  external,  middle,  and  internal.     The 
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ipect  of  the  muscular  coat  of  the  urethra.  In  tlie  upper  part  of  the  canal  these  fibres 
•rm  a  complete  ring-like  sphincter,  but  in  the  middle  and  lower  parts  the  striped  muscle 
Dres  though  present  in  front  are  absent  in  the  posterior  wall  of  the  urethra,  as  at  this 
vol  thej  pass  backwards  on  the  outer  aspect  of  the  vagina,  and  enclose  this  latter 
lasage  together  with  the  urethra  in  a  single  loop  of  muscle  tissue.  The  lower  fibres, 
lereforc,  form  a  uriuogenital  sphuicter. 


THE  MALE  REPRODUCTIVE  ORGANS. 


We  have  here  to  describe  (1)  the  testes  or  essential  reproductive  glands  of  the 
lale,  together  with  their  (2)  coverings  and  (3)  ducts,  (4)  the  prostate,  (5)  Cowper's 
lands,  (6)  the  external  genital  organs,  and  (7)  the  male  urethra. 

The  reproductive  glands  of  the  male,  or  testes,  are  a  pair  of  nearly  symmetrical 
val-shaped  bodies  situated  iu   the  scrotum.     The  duct  of  each   gland,   at   first 
luch  twisted  and  intertwined,  forms  a  structure  known  as  the  epididymis,  which 
\   applied   against  the   posterior  and  outer  part  of  the   testis.     From  the   epi- 
idymis  the  excretory  duct,  or  vas  deferens,  passes  upwards  towards  the  lower  part 
f   the  anterior  abdominal  wall,   which   it    pierces  very  obliquely,  to    enter   the 
hdominal  cavity.     Here  each  vas  deferens  is   covered  by   the  peritoneum,  and 
Imost  at  once  crossing  the  pelvic  brim,  enters  the  pelvis.     The  vas  now  runs  on 
he  side  wall  of  the  pelvis  towards  the  base  of  the  bladder,  where  it  comes  into 
elation  with  a  branched  tubular  structure  termed  the  yesicula  seminalis.     Joined 
y  the  duct  of  the  vesicula  seminalis,  the  vas  deferens  forms  a  short  canal  called 
he  common  ejacnlatory  duct,  which  terminates  by  opening  into  the  prostatic  part 
f   the  nretlira.     The   prostate,   a  partly  glandular,   partly   muscular   structure, 
iirrounding  the  first  part  of  the  urethra,  and  also  a  pair  of  small  glandular  bodies 
EiUed  Cowper's  glands,  are  accessory  organs  connected  with  the  male  reproductive 
jrstem.     The  ducts  of  Cowper's  glands  and  those  of  the  prostate,  like  the  common 
jaculatory    ducts,    open    into    the 
rethra,  which  thus  serves  not  only 
s  a  passage  for  urine,  but   also  for 
he  generative  products.      The  ex- 
smal    genitals  are    the  penis  and 
srotnm.  ^^^ 

THE  TESTIS.  ^^     ^"^  ^'^'^ 

The  male  reproductive  glands,  the 
ssticles  or  testes,  are  a  pair  of  some- 
what oval,  slightly  flattened  bodies  of 
whitish  colour,  measuring  about 
n  inch  and  a  half  in  length,  one 
ach  from  before  backwards,  and 
Either  less  in  thickness.  Each  testis 
\  placed  witliin  the  cavity  of  the 
crotum  in  such  a  manner  that  its 
5ng  iixis  is  directed  upwards,  slightly 
jrwards,  and  outwards,  and  usually 
he  left  gland  occupies  a  lower  level 
han  the  right.  The  testis  (Fig.  825) 
as  two  somewhat  flattened  surfaces, 
ae  of  which,  called  the  outer  surface 
facies  lateralis)  looks  outwards  and 
ackwards ;  the  other,  or  inner  svr- 
%ce  (facies  medialis),  looks  inwards 
nd  forwards,  and  is  usually  fche  more  flattened.  The  two  ^^'tl^^^i^^  ^^^  ^X^aiated  by 
wo  rounded  borders,  of  wliich  the  anterior  (margo  ant^^^'vst^  ^^  ^^^^  ^^^^^  convex, 
nd  is  free,  while  tho  posteTior  (margo  posterior)  is  l^^ft^  ^^-^\iXss!s.^i^>^^^^a^^^^  oi\q  \)y 
rhich  the  organ  is  BuspeadGd  within  the  scrotum.     A  attiiT^'^'^^^'^^^^^^ «»v^^5ii^ 


B. 


Fio.  826. 

The  right  testis  and  epididymis,  seen  with  in  the  tunicu 

vaginalis,  which  has  ))een  opened  up. 
The  right  testis  and  epididymis  wen  from  behind,  after 

oompiete  removal  of  the  parietal  portion  of  the  tunica 

vagiuallH. 

t.  Testis. 
t.v.  Tum<*K  viijjiimliH. 
t.c'.  Cut  et\j;e  ott\m\ca  va>{inaliH. 
v.d.  Vas  A«l»*rvns<. 


f.  Biiidiilyniis. 
g,m.  GiubuM  iii^jor. 
g.m'.  Globiid  iiiiiiur. 

A.  Hy<latidH. 
B.C.  Siwniiatic  conl. 
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tiiid  the  lowest  i)<)rtioii  of  tlie  spermatic  cord  are  attaclied  to  the  postoriur  Korir: 
ot*  tlie  testis.  Each  border  ends  above  in  the  upper,  and  l»elow  in  the  /oirer  fj:tf*:h ''. 
of  the  te^^tis  (extreniitas  siH)erior  et  extremitas  inferior).  0\vin<j;  to  tlie  ol«Ii'^i:::;. 
of  the  long  axis  of  tlie  gland,  the  upper  extremity  of  the  testis  lies  on  an  anit.-ri-: 
and  external  plane  to  the  lower  one. 

Epididymis. — The  epididymis  is  a  somewhat  eresceutic  structure,  which  is  ciinoi 
round  the  posterior  border  of  the  testis  and  overlaps  to  some  extent  tin*  y>o>t+-ri": 
part  of  the  outer  surface  of  that  organ.  The  upper,  somewiiat  swollen  i»art  *A  il.r 
epididymis,  is  called  the  globus  major  (caput  epididymidis),  and  overhangs  the  uj»[t:: 
end  of  the  testis,  to  which  it  is  directly  connected  by  numerous  emerging  ducts.  =y 
connective  tissue,  and  by  the  sorous  covering  of  the  organ.  The  lower  and  sniall-r 
end  is  termed  globus  minor  (cauda  epididymidis),  and  is  attaclied  by  li.N>se  arccila: 
tissue  and  by  the  serous  covering  to  the  lower  end  of  the  testis.  The  inti'nu'iii.it^ 
])art,  or  body  (corpus  epididymidis),  is  applied  against,  but  is  sepirattMl  from,  il- 
posterior  })art  of  the  outer  surface  of  the  testis  by  an  involution  of  tlnj  nTmJj 
cjjvering  of  the  organ,  which  forms  an  intervening  ixxjket  ternietl  the  digital  {^nsi 
(sinus  epididymidis). 

The  main  mass  of  the  epididymis  is  composed  of  an  irregularly  twistetl  caiKtl. 
the  canal  of  epididymis,  which  forms  the  first  part  of  the  duct  of  the  testis. 

Minute  sessile,  or  pedunculated,  bodies  are  often  found  utUichcd  to  the  ylohu.s  luajir 
or  to  the  upper  end  of  the  testis.  These  arc  called  appendices  of  the  eiiididymis  au: 
testis  (appendices  testis),  or  hydatids  of  Morgagni,  and  have  a  developmental  inton-?:. 
The  minute  boily  which  lies  on  the  upper  end  of  the  testis  represents  tlie  frw  ciwi  ••: 
Miillcr'sduct  in  the  embryo  and  the  fimbriateil  end  of  the  Fallopian  tul>e  of  tho  feiimk- :  it 
is  usually  sessile.  Al)ove  the  globus  major,  and  in  front  of  the  lower  jxirt  of  the  >jieriji;i:i.' 
cord,  there  may  also  be  present  a  small  rudimenUiry  Ixxiy  called  the  organ  of  Oiraldes^r 
paradidymis.     This  is  rarely  seen  hi  the  adult  and  is  best  marked  in  young  children. 

Tunica  Vaginalis. — The  cavity  within  which  the  testis  and  epididymis  art- 
placed   is    lined   by  a  smooth   serous   membrane — the    tunica    vaginalis — wliiih 

resembles  in  ai)pearance  and  structure 
the  peritoneum  from  whicli  it  is  ori;:iii- 
ally  derived.  The  cavity  is  cousiderally 
larger  than  the  contained  8tructun'>. 
and  extends  not  only  down  to  a  lower 
level  than  the  testis,  but  also  reaeliC? 
upwards  to  a  higher  level  than  tht*  glaml. 
The  sac,  or  cavity,  tapere  as  it  is  trao.-ii 
upwards,  and  above  the  level  of  the  testis 
the  spermatic  cord  bulges  forwards  into 
its  posterior  part  The  tunica  vaginalis 
lines  th(i  cavity  for  the  testis,  and  i*" 
reilected  from  the  posterior  wall  of  the 
scrotal  chamlicr  over  the  testis  ami 
epididymis,  giving  a  covering  to  eaeh. 
The  part  of  the  membrane  lining  ihf 
cavity  iscalled  the  parietal  portion  >'lani  i  m 
parietalis)  of  the  tunica  vaginalis,  whil'- 
the  part  clothing  the  testis  and  ejiididy- 
mis  is  termed  the  Tisceral  portion  (lamina 
Fiw.  82t;.  -Hi.HT  TKST.S  wiTHr.  TiNicA  Vaoixams.   visoeralis)     Between  the  outer  surfaa' 

In    the    rtfgion    of    the   gh)biia    major    the    tunica    Ot    tllC    tCStlS   and    the    hOlly  Ol    tllC  epl- 
va^iinalis   has   Iwcn    cut   throuKh    and    the   glolniw    didvmis,  the  visceral  pirt  of   the  tUIliu 

niajor  of  the  opi.H.i.nniH  h.ts  ton  rai«e«i  to  show  yaginaUs  dips  in  aud   lines  a    nannw 

the  vasa  effercntia  ami  com  vasculosi.  .    P  ,         if    i    .,         >.    .      -  . 

interval  called  the  digital  fossa  :>mu> 
e]udidymidis).  The  entrance  to  the  fossa  is  limited  above  and  below  by  short 
cn^scentic  folds  of  the  tunica  vaginalis,  which  pass  from  the  testis  to  the*  globus 
major  and  minor  of  the  epididymis.  These  folds  are  spoken  of  as  the  superi'T 
and  inferior  ligaments  of  the  ejadidymia  In  three  i)OBition8  the  surface  of  llif 
testis  receivas  no  covering  from  the  tunica  \'aginaU8, — superiorly  where  the  globn? 


SiMTinalic  cn/rA. 


Vasa  etlHiviitia^^ 

Apju-mlix  testis  _ 
SujMMiiir  li>::iiiM'iit 
uf  riiiiliflyiiiis  ~  - 
Cut  wliro  f>f  _ 
tiiuii-a  va^fiiialis 

Kpitlnlyniis.  _ 
Sinus  rpidiilyiiiidis    > 


liifiTior  li^nmiHiit 
111"  t'pidulynii«" 
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major  is  attached,  inferiorly  where  the  globus  minor  is  in  eontac 
where  the  blood-vessels  and  nerves  enter  the  organ  from  the  sper: 

Structure  of  the  Testis  and  Epididjrmis.— Beneath  the  seroi 
the  testis  is  invested  by  an  external  coat,  composed  of  dense  whit 
tissue  called  the  tunica  albuginea,  from  the 
deep  surface  of  which  a  number  of  slender  F 

fibrous  bands  or  septa  dip  into   the  gland.  /'      r 

These — the  septula  testis — ^imperfectly  divide  h. 

the  organ  into  a  number  of  wedge-shaped  i 

parts  called  lobes,  or  lobules  (lobuli  testis, 
Fig.  825).  All  the  septa  end  posteriorly  in 
a  mass  of  fibrous  tissue  which  is  directly  con-  ^ 
tinuous  with  the  tunica  albuginea,  and  which 
projects  forwards  into  the  testis  along  its 
posterior  border.  This  structure  receives 
the  name  of  mediastinum  testis,  or  corpus 
Highmori,  and  is  traversed  by  an  exceedingly 
complicated  network  of  fine  canals,  into  which 
the  minute  tubules  which  compose  the  sub-  ^ 

stance  proper  of  the  testis  open.     The  medi- 
astinum is  also  pierced  by  the  arteries,  veins, 
and  lymphatics  of  the  testis.     These  vessels 
enter  the  posterior  border  of  the  organ,  and 
traversing  the  mediastinum,  spread  out  on 
the  fibrous  septa  which  radiate  towards  all 
parts  of  the  deep  surface  of  the  tunica  albu- 
ginea.    In  this  way  a  delicate  network  of  //  , 
vessels  (tunica  vasculosa)  is  formed  on  the              '/         "^ 
deep  surface  of  the  tunica  albuginea  and  on        ^^.^^^  ;  j 
the  sides  of  the  septa.                                                      vas  defereus  • 

The  mediastinum,  the  septa,  and  the  tunica  ^^ 

albuginea   form    a    framework  enclosing    a 
number  of  imperfectly  isolated  spaces  which  *^*''  ^ 

are  filled  by  a  loosely  packed  substance  of  a.  Transverse  section  of  i 

D     iraiis verse  seclion  oi 

a  light -brown  colour  called  the  parenchyma    '     external  abdominal  i 
of  the  testis  (parenchyma  testis). 

The  parenchyma  is  composed  of  enormous  numbers  of  much-( 
ferous  tubules  (tubuli  seminiferi  contorti),  and  completely  fills 
between  the  septa.  The  minute  tubules  look  like  fine  threads  to 
and  are  but  loosely  held  together  by  a  small  amount  of  connectiv* 
three  or  four  tubules  are  found  in  each  lobule  of  the  gland,  and 
in  the  testis  has  been  estimated  at  about  600.  The  seminiferou 
course  of  al)out  two  feet  in  length,  pass  towards  the  mediastinum 
at  acute  angles,  to  form  a  smaller  number  of  slender  tubes  whi( 
course.  These  latter  are  called  tubuli  recti,  and  open  into  a  con 
of  fine  canals  situated  in  the  substance  of  the  mediastinum,  call 
The  tubules  are  much  more  twisted  and  convoluted  in  the  cc 
gland,  near  the  tunica  vaginalis,  than  in  the  region  of  the  media 
in  this  position  give  off  side  branches  which,  according  to  son 
effect  anastomoses  between  the  tubules.  It  api)ears  doubtful 
tubules  of  the  testis  do  really  anastomose. 

Microscopic  sections  show  that  the  walls  of  the  seminiferous  tubul 
a  basement  membrane  and  of  an  epithelial  lining,  formed  of  sevc 
Certain  cells  of  this  epithelium  arc,  in  the  adult,  constantly  undorgc 
into  spermatozoa,  and  the  appearance  of  the  tubules  in  section  varies 
age  and  to  the  greater  or  less  activity  of  the  epithelial  cells. 

The  secretion  of  the  seminiferous  tubules  is  carrieii  througl 
into  the  rete  testis,  and  leaves  the  latter,  to  reach  the  canal  < 
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through  from  fifteen  to  twenty  minute  tubules  called  vasa  efferentia  (Juctul 
efferentes  testis).  These  latter  pierce  the  tunica  albuginea  and  enter  the  gloVi; 
major,  where  it  is  in  direct  contact  with  the  upper  end  of  the  testis.  Each  Vj 
etrerens  is  at  first  straight,  but  soon  becomes  much  convolutetl,  and  forms  a  lit:l 
conical  mass  of  twisted  tubule  called  a  conns  vasctdosus  (lobulus  epididymidi= 

Witliin  the  globus  major  tlie  little  canals  finally  f«i»? 
into  the  single  much-convoluted  tube  which  cuu.-*: 
tutes  the  chief  bulk  of  the  epididymis,  and  L^  calk 
the  canal  of  the  epididymis  (ductus  epididyinidir- 
This  canal,  which  is  not  less  than  19  or  20  feet  i 
length,  may  be  said  to  begin  in  the  globus  major.  ;il 
to  end,  after  an  extraordinarily  tortuous  course,  at  i': 
globus  minor  by  l>ecoming  the  vas  deferens  {d\n:U 
deferens,  Fig.  828). 

In  most  cases  one  or  more  slender  convohitcd  divcni'ul 

fi*om  tlie  canal  of  the  epididymis  may  bu  found  near  ii 

lower  end.     These  receive  the  name  of  vasa  aberrantj 

(ductuli  aberrantes),  and  one  of  them  which  is  very  o.i 

Diagram  to  illustrak' the  structure  of  stantly  present  often  measures  a  foot  or  more  in  lonjiii. 

the  tostih  and  epididymia.  Minute    Structure— The  caiial  of  the  epiiii«ivrii 

r.,\  cvi.i  va-seuiosi.     ^.t.  s«Mniiiiferous    i^ij  the  vasa  cfFereutia  are  lined  bv  a  ciliated  epitlK-liun 

r.       Globus  luoji.r.  tulmle.  ^,  .|.         *i.i  •    ^    •  "    i.       j.  \    ^ 

./. ,11. <;iohus  minor.  r.d.  Vas drfernns.  the  Cilia  of  wluch  mauitam  a  coustant  current  tOWiir 
;:'■•  "q.tu*iirui!:ti..      r.r.  TuIuh'Scu.    ^^^  ^'*^«  deferens.     The  canal  of  the  epididymis  i.k>ssv<v 

a  muscular  coat  composed  of  an  inner  stratum  of  tr.iii 
versoly  and  an  outer  stratum  of  longitudinally  directed  fibres.  The  wall,  at  first  thii 
becomes  much  thicker  as  the  canal  appixwiches  the  vas  deferens. 

Vessels  and  Nerves  of  the  Testis.— The  testis  is  8U2>plicd  by  the  spermatic  artery,  a  brai.' 
of  the  aorta.  This  sk^ndor  vesstd,  aft<;r  a  long  couree,  reaches  the  ])06tcriur  bcjixler  of  th»-  it-ti 
whui-e  it  hre.iks  up  into  branche.s  which  enter  the  mediastinum  testis,  and  are  distrilmte*!  jloi. 
the  septa  and  on  the  deep  surface  of  the  tunica  albuginea.  The  veins  issuing  fr<jni  the  jvistori. 
boixler  of  the  testis  form  a  dense  plexus,  called  the  plexus  pampiniformis,  which  finally  iKjiin>  it 
ldo<Kl  through  the  spermatic  vein,  on  the  right  side,  into  the  inferior  vena  cava ;  on  the  left  tide  in 
spermatic  vein  Joins  the  left  renal  veiiL  The  nerves  for  the  testis  accomj«iny  the  riiwrmaii 
artt^ry,  and  are  derived  through  the  aortic  and  renal  plexuses  from  the  tenth  thoracic  sje^Miieai ' 
the  spinal  cord.  The  afferent  fibres  from  the  epididymis  appear  to  reach  the  spinal  cunl  thRnii:; 
the  posterior  roots  of  the  eleventh  and  twelfth  tlioracic  and  mrat  lumbar  nerves.  The  arteriw  a!i| 
nerv(?s  of  the  testis  communicate  with  those  on  the  lower  part  of  the  vas  deferents  namely,  vi:i 
the  artery  of  the  vas  and  with  twigs  from  the  hypogastric  plexus.  The  Ijrmphatic  venels  of  iL 
testis  pass  upwards  in  the  spermatic  cord,  and  ena  in  the  lumbar  lymphatic  glauda. 

THE  VAS  DEFERENS. 

The  vas  deferens  (ductus  deferens)  is  the  direct  continuation  of  the  canal  of  thf 
epididymis.  Beginniujjr  at  the  lower  extremity  of  the  epididymis,  it  ends,  after  ; 
courHo  of  nearly  18  inches,  by  opening  as  the  common  cdacolatory  duct  into  thf 
prostatic  or  first  part  of  the  urethra.  The  duct  in  parts  of  its  course  is  somewhai 
convoluted,  and  the  actual  distance  traversed  by  it  is  not  more  than  12  inches 
Phiced  in  the  first  instance  outside  the  abdominal  cavity,  the  vas  deferens  iiscenil 
within  the  scrotum  towards  the  lower  part  of  the  anterior  abdominal  wall,  wliich  ii 
reaches  not  far  from  the  middle  line.  During  this  part  of  its  course  the  tliitt 
together  with  the  vessels  and  nerves  of  the  testis,  is  surrounded  by  a  number  o! 
loose  coverings  derived  from  certain  layers  of  the  abdominal  wall,  and  the  cord-hkt 
structure  so  formed  is  termed  the  spermatic  cord.  The  vas  deferens,  together  will 
the  Jiccompanying  vessels  and  nerves,  now  passes  through  the  abdominal  wall  in  ai 
oblique  passage,  to  which  the  name  inguinal  canal  is  applied.  Within  the  abdouiei 
the  vas  lies  immediately  beneath  the  peritoneum,  and  soon  crossing  over  the  pelvii 
brim,  it  enters  the  pelvis,  on  the  side  wall  of  which  it  proc^eiia  backwards  towardi 
the  base  of  the  blaclder.  Here,  near  the  middle  line,  the  vas  deferens  is  joined  !») 
the  duct  of  the  corresponding  vesicola  seminalis,  and  the  common  ejaculatory  duet, 
thus  fornieil,  having  traversed  the  prostate,  opens  into  the  urethra. 

At  first  the  vas  deferens,  like  the  canal  from  which  it  takes  its  origin,  is  vm 
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Uroter 


Internal  urethral  orifice 

^Trigonuin  vesicte 

Ureter 

-Vas  deferens 


lUicluiii 


Fic;.  830.  —  HoKFzoNTAL  Skction  throu(;h  thk  Kbctum  and 
Bladdru  at  the  Levk[.  at  which  the  Uretkrb  fierce  thk 
Bladdeh  Wall. 

From  a  specimen  in  the  Surgical  Museum,  Trinity  College,  Dublin. 


(trigonum  feiiiorale)  between  these  vessels  and  the  pelvic  brim.  On  the  side  wi 
of  the  pelvis  the  vas  is  continued  backwards,  and  a  little  downwards  and  inwan 
in  the  direction  of  the  ischial  spiije,  and  lies  immediately  beneath  the  peritoneu 
through  which  it  can  usually  be  seen  shining.  In  the  pelvic  part  of  its  course  i 
vas  deferens  crosses  on  the  inner  side  of  (1)  the  obliterated  hypogastric  artery,  = 
the  obturator  nerve  and  vessels,  (3)  the  vesical  vessels,  and  (4)  the  ureter  (Fig.  82 
Beyond  the  ureter  the  vas  takes  a  somewhat  sudden  bend,  and  passes  di)W 
wards  and  inwards  towards  the  middle  line,  beneath  the  peritoneum  of  the  i^V 

floor.    Eeaching  the  inten 
..^  ^  between    the    base    of   t 

bladder  in  front  and  t 
rectum  behind,  the  xa 
deferentia  of  opix)site  siii 
occupy  the  angle  form 
between  the  vesicuht*  sen 
nales  (Fig.  831).  As  th. 
approach  one  another  ea- 
vas  becomes  somewhat  t* 
tuous,  sacculated,  and  r 
lated,  and  assumes  a  geini 
resemblance  in  structure 
a  portion  of  the  vesicii 
seminalis.  This  dilated  ]*a 
of  the  vas  deferens  is  t^^nrn 
the  ampnlla  (ampulla  duct 
deferentia).  As  it  turns  i 
wards  the  vas  lies  a  sho 
distance  behind  the  lunett 
and  immediately  in  front  of  the  free  edge  of  the  peritoneal  fold  (sacro-genit-al)  wliic 
bounds  the  recto-genital  pouch  of  the  peritoneum.  Just  above  the  l^ase  of  tl 
l)rostate  the  vas  deferens  becomes  once  more  a  narrow  canal,  and  in  this  j>ositit 
it  is  joined  by  the  duct  of  the  corresponding  seminal  vesicle  to  form  the  comnu 
ejaculatory  duct,  wliich,  after  a  short  course  downwards,  forwards,  and  inwan 
through  the  prostate,  opens  into  the  urethra. 

Til  Honie  caaos  th<'  vas  deferens  crosses  tlie  obliterated  hypogastric  art-ery  before  it  enters  il 
pelvic  cjivity  ;  it  inniiitilly  does  so  in  tlie  foetus. 

Common  Ejaculatory  Duct  (ductus  ejaculatorius). — This  minute  duct,  fonnt 
by  the  union  of  the  vas  deferens  with  the  duct  of  the  corresponding  seminal  vesicl 
is  less  than  one  inch  in  length,  and  lies  very  close  to  its  fellow  of  the  opposite  sit 
as  it  passes  through  the  prostate  behind  its  mesial  lobe.  The  ducts  open  by  sUt-lii 
apertures  into  the  first  part  of  tbe  urethra,  one  on  each  side  of  the  siniis  poculu 
(utriculus  prostaticus). 

The  mucous  inembrane  of  the  duct  is  thrown  into  numerous  compHcated  folds,  and 
connexion  with  it  are  a  number  of  remarkable  minute  diverticula  which   are  cnclo» 
within  the  muscular  coat  of  the  duct. 

Seminal  Vesicles. — The  vesicular  seminales,  or  seminal  vesicles,  are  a  pair  < 
hollow  sacculated  structures  placed  in  front  of  the  rectmn  and  behind  the  bladd* 
(Fig.  831).  Each  vesicula  seminalis  is  usually  about  two  inches  in  length,  and  h 
its  long  axis  directed  downwards,  inwards,  and  somewhat  forwards.  The  uppi 
extremity  of  the  vesicle,  which  is  partly  covered  by  peritoneum,  is  large  an 
rounded,  and  lies  at  a  considerable  distance  from  the  middle  line,  behind  the  low£ 
end  of  the  ureter.  The  peritoneum  of  the  recto-genital  pouch  separates  the  uppc 
end  of  the  seminal  vesicle  from  the  rectum ;  below  the  peritoneal  cavity  the  vesicJ 
and  rectum  are  more  intimately  related.  The  vesicle  tapers  towards  its  lower  enc 
which  is  placed  close  to  the  middle  line  and  immediately  above  the  prostau 
Inferiorly,  the  vesicle  becomes  constricted  to  form  a  short  duct  (ductus  excretoriiu^ 
which  joins  the  outer  side  of  the  corresponding  vas  deferens  at  an  acute  angle  Cc 
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upon  itself  that  the  blind  terminal  part  lies  against  the  side  of  the  issuing  duct. 
The  development  of  the  vesiculae  seminales  shows  that  they  are  to  be  looked  upwi 
as  diverticula  of  the  vasa  deferentia,  from  which  they  originally  arise  as  small 
pouches. 


IFncL^s 


ot  prostata' 


■Uivthrai 


Fic.  832. — The  Bladdeh,  Puoktate,  and  Seminal  Vesicle  viewed  from  the  Sii>k 
Drawn  from  specimens  har<leued  in  situ. 

In  A  tli('  bladder  contained  but  a  smaU  amount  of  fluid  ;  in  B  the  quantity  was  somewhat  greater. 

The  delist'  tissue  in  which  the  seminal  vesicles  are  embedded  contains  much  unstriped  muscle 
tissue,  w'liich,  sweeping  i-ound  in  the  side  wall  of  the  recto-genital  pouch,  oains  an  attachment 
to  tlie  fascia  in  front  of  the  sacrum  and  to  the  rectum.  Inferiorly  this  tissue  is  attache<i  to 
tlie  capsuli^  of  the  j)n)state.  The  large  veins  coming  from  the  prostatic  and  vesical  plexuses  are 
closely  related  to  the  seminal  vesicles. 

Structure  of  the  Vas  Deferens  and  of  the  Vesicula  Seminalis. — Except  near 
its  termination,  where  it  is  dilated  to  form  the  ampulla,  the  vas  deferens  is  a  thick- 
walled  tube  with  relatively  a  very  small  lumen.     The  hard  cord-like  sensation  which 


rjaculatory  ddrt 


iSeiiiinui  vettklu 


('omiiiuii  ejaoulatoiy  dnct 


A  and  H.   Drawings  ilhistruting  tlie  seminal  vesicle  and  the  ampulla  of  vas  deferens  taken  from  two  differea: 

.•*ubj«»ots. 
C.  The  seminal  vesicle  and  vas  deferens  have  been  cut  into  to  show  the  pitted  stmctnre  of  their  wall*. 

the  vas  deferens  conveys  to  the  toucli  is  due  to  the  thickness  and  toughness  of  its 
wall,  which  is  composed  of  three  layers — an  outer  fibrous  (tunica  adventitia).  an 
intermediate  muscular  (tunica  muscularis),  and  an  inner  mucous  coat  (tunica 
mucosa).  The  thickness  of  the  wall  is  due  to  the  great  development  of  the  middle 
or  muscular  coat,  which  is  composed  of  an  intermediate  layer  of  circularly  and 
an  inner  and  outer  layer  of  longitudinally  directed  unstriped  muscular  fibres.  Of 
these  layers  the  middle  one  is  by  far  the  thickest  and  forms  the  chief  part  of  the 
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.  83r».— 1)1A«;UAM  to  illustnit«  the  descent  of  the 
testis  uiid  the  iiiaiiiier  in  >vhich  the  tunica  vaginalis 
is  derived. 

u.r.  AlMloniinal  cavity.  ».     Scrotum. 

ji.i".  Processus  vujjiimlis.  /.«*.  Tunica  va^iualis. 

I.      T»*>tis.  :».     LiiTiiiUHiitum  vaj^inalo. 


vaginalis,  but  more  often  it  does  not  reach  so  far  downwards.     When  present  it  represcu- 
the  obliterated  portion  of  the  processus  vaginalis  (rudiuientum  processus  vaginalis). 

In  other  rare  cases  the  processus  vaginalis  may  persist  after  birth  as  a  channel  fret/l} 
open  to  the  abdominal  cavity  above,  or  the  pissage,  becoming  closed  at  interval  iLaj 
give  rise  t^)  one  or  more  cysts  within  the  coverings  of  the  8i>ermatic  cord. 

It  sometimes  happens  that  the  dt-ctrLi 
of  the  testis  is  arrested,  and  then,  eiilit 
failing  to  enter  the  processus  vai:ina".i! 
the  testis  remains  vv'ithin  the  abduu^iib 
cavity  ;  or  entering  the  processus  vairinali? 
it  fails  to  reach  the  scrotum,  and  lies  :j 
the  inguinal  canal.  The  term  cryptorcLisii 
is  fre<piently  applied  to  such  cases. 

In  connexion  Avith  the  descent  of  tLt 
testis  a  remarkable  cord- like  structun?- 
the  gubemacalnm  testis — must  l*e  iLtL 
tioned.     The  gubcrnaculuui  arises  for  tl»t 
most  i)art  within  a  peritoneal  fold  vhicL 
at  an  early  time  in   the  develoj»mont  ti 
the  foetus,  may  be  seen  stretchini:  mat 
the   inguinal    region   to   the  Wolffian  duct    (future  duct   of   testis)  and    lower  en«l  •.! 
mosonephroi?    (primitive    kidney).      This    peritoneal   fold,  termed    the    plica    ingniiiilii 
(or  plica  inguino-mesonephrica),  is  joined  from  above  by  a  less  marked  fold  (the  fuw 
testis  inferior)  which    extends  downwards  from  the  lower  end  of  the   testis, — at  th> 
time  situated  in  the  abdomen  close  to  the  inner  aspect  of  the  mesonephnw.     Within  i^-iri 
these  folds  smooth  muscular  and  fibrous  tissue  arises  and  gives  origin  to  a  eontiiiuou? 
band  or  ligament — the  gubernaculum  testis.      The  gubernaculum  is,   therefore,  to  \v 
regarded  as  originally  composed  of  two  portions, — a   part  developed   within  the  pli-a 
inguinalis  and  a  part  formed  within  the  plica  testis  inferior.     It  is  interesting  to  ih'T- 
that  the  representatives  of  these  two  parts  of  the  gubernaculum  remain  sei^irate  in  the  foiuiil- 
throughout  life,  and  are  the  round  ligament  of  the  uterus  and  the  ligament  of  the  ovan. 
The  gubernaculum,  when  it  is  at  its  greatest  development  (about  the  sixth  ninnth),  > 
rounded  and  cord-like,  and  is  attached  above  to  the  lower  end  of  the  testis,  while  inferi'iri* 
it  is  fixed  near  the  inguinal  region.     In  the  lower  part  of  its  course  it  is  closely  relattxi  i". 
and  is  partly  (X)vered  by,  the  ])eritoneum  of  the  processus  vaginalis.     Striped  niu.sciil.ir 
fibres  are  present  in  the  lower  part  of  the  gubernaculum,  and  these  have  their  origiu  fru 
the  muscles  of  the  inguinal  part  of  the  anterior  abdominal  wall.     As  the  testis  enter?  tin 
processus  vaginalis  the  gubernaculum  atrophies,  but  at  birth  a  short  pirt  of  the  jl'ui-.t 
naculum  may  still  be  found  passing  downwards  towards  the  lower  part  of  the  scrotum  stm: 
lying  below  the  level  of  the  tunica  vaghialis.     It  is  considered  by  some  anatomists  tLn; 
the  movement  downwards  of  the  testis  may  be  jMirtly  due  to  a  pull  caused  by  the  ^Lruik 
ing  of  the  gubernaculum  as  it  atrophies. 

In  some  mammals,  such  as  the  elephant,  the  testes  remain  permanently  within  tlir 
abdominal  cavity ;  while  in  others,  such  as  the  rabbit  and  the  hedgehog,  the  jieriioiieil 
])«)uches  remain  widely  open  throughout  life,  and  the  testes  are  periodically  withdraw u 
into  the  abdomen. 

The  Spermatic  Cord. 

The  testis  in  its  course  downwanis  through  the  abdominal  wall  into  the 
scrotum  takes  with  it  its  duct  (vas  deferens),  blood-vessels,  lymphatics,  and  nervt? 
of  supply.  All  these  lie  together  in  the  inguinal  canal  as  they  traveree  the 
abdominal  wall,  and  when  they  leave  the  canal  by  the  external  alxloniinal  riiii: 
they  extend  downwards  to  the  posterior  border  of  the  testis.  The  vas  defereu?. 
the  spermatic  vessels,  and  the  nerves  and  lymphatics  of  the  testis,  loosely  counccteJ 
together,  form  the  spermatic  cord  (funiculus  spermaticus).  At  the  iutenul 
abdominal  ring  the  constituent  parts  of  the  cord  sejmrate  from  one  another,  an*! 
the  cord  may  therefore  be  considered  to  extend  from  the  internal  abdominal  rini: 
to  the  posterior  border  of  the  testis.  The  structures  which  form  the  cord  are  euclosiil 
within  a  nimiluu'  of  coverings  derived  from  the  layers  of  the  anterior  alHlomiiiid 
wall,  and  these,  when  the  constituents  of  the  cord  reach  the  posterior  border  ef  the 
testis,  surround  the  tunica  vaginalis,  and  so  form  a  part  of  the  wall  of  the  scrotum. 
The  sheaths  or  coverings  of  the  cord  derived  from  the  abdominal  wall  are  three  iu 
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<U;v(»l()]>mont  have  l)ec(>me  fused  in  the  middle  line.  These  two  portions  are  tenii.-i 
tho  hemispheria  bulbi  urethrsB,  and  are  })est  seen  in  suhjects  whose  tissues  have  Wn 
hardt^neil  l»y  intra-vascular  injection.  A  slightly  marked  median  se]>tum,  AUuiA 
within  the  Imlh  ti.Hsue,  indie^ites  on  a  deepcT  plane  the  line  along  wliich  fusion  [1.1^ 
taken  ].lac«'.  Th.'  canal  of  the  urethra,  piercing  the  triangular  li«:ameut,  ent-r- 
the  l)ull)  obliciuely  a  short  distance  in  front  of  its  posterior  extremity  (Fi;/.  844 
Cdverin^'  the  su|>erncial  suriaco  of  the  bulb  is  the  hulbo-cavernosus  muscle. 

A  st)niewhat  triangular  band  of  strong  fil)rous  tissue,  called   the  suspensory 

ligament  of  the  penis,  i> 
attached  to  the  Iront  0: 
the  symphysis  jiubis.  an'i 
extends  to  the  librMi- 
capsule  of  the  penis  wi*!: 
which  it  iKicumes  l-mij- 
tinuous. 

Structure      of     the 

Penis.  —  Each    cfirpu*  o»r- 

eniosum  [)enis  is  uiicli ■■»»>!': ;, 

.  s:»,i<.  -A   l.<)N(;iTri)iNAL  sk(Tion  ok  the  Tekminai.   iNmriON  OK  a  dense   white    tibnms  o.  ^* 

THK    TeMS.    and   a    TllAXSVKU&K    SKCTION    THHOUcJH    THE   BODY    OF     OF    tnulca    albUgUiea    ittJliii.M 

albugiuca  corponun  cav.:?.- 

ij.  Dorsal  vein.      osonim\  which,   fusiuir  wru 

h.  IMrnal  artery,    ^j^^  corrcsiKnidin«  ctwt  ..f  ih- 

Dorsal  iier%\*.  '^       •  1      ^  1 

opposite  Side,  forms  a  nu-^iit 

st'ptiiiii  (s.ptiini  penis).  The  septuni  is  very  incomplete,  especially  near  the  teniiinal  pin 
of  tlio  ponis,  whore  it  is  iiit(Tniptt?d  by  a  nunil)er  of  nearly  parallel  slit-like  jx*rfimit:*  i>. 
hciico  tin-  toriii  septum  pectiniforme  is  often  applied  to  it  (Figs.  839  an<l  S4r>).  Tljnuijh 
Ukjso  Dpoiiiiijjjs  tho  erectile  tissue  of  the  Goq>oni  cavernosa  of  opposite  sides  is  contiin^'UN 

Tiie  fibrous  coat  cDiitains  some  elastic  fibres,  and  may  be  divided  into  an  outer  l.-iv-r 
of  lo!i^itu(lin;illy  «lircctod  fibres  and  an  inner  layer  of  circular  fibres,  some  of  wliicli  VaWx 
an*  contiuuod  into  tiie  septum.  Numerous  fibrous  stnuids,  called  trabeculs  (tndiOc^Lla 
corporum  cavoniosorum),  proc(H'<l  from  the  deep  surface  of  the  tunica  alhu^iinciu  a:.'i 
str».'ti'hinir  acn-oss  the  interior  of  tho  corpus  cavernosum,  form  a  fine  sj)onf:edike  fnimow'rii 
whoso  int(!rspaoos  commuiiicato  froely  with  one  another,  and  are  filled  with  Im'"-! 
Tlii'so  ])l(HMl-oontaininjr  spaces  lead  directly  into  the  veins  of  the  penis,  and  like  tlie  vtiiij 
havo  a  liuinir  <>f  flat  i^ndotlielial  colls.  The  size  of  the  penis  varies  with  the  amount  f-i 
blo(Ml  in  this  cavernous  tissue.  The  stnicture  of  the  corpus  spongiosum  resembles  iLir. 
of  the  «'orpora  cavernosa,  but  tho  fibrous  coat  is  much  thinner  and  more  elastic,  and  tlu- 
tral»eoula;  are  finer  (Ki;jf;  S.'^IO- 

The  jxljiiis  penis  is  also  comi)Ose<l  of  cavernous  tissue  which  communicates  by  a  rich 
Villous  plexus,  situated  on  the  ventrjil  asi)ect  of  the  urethra,  with  the  corpus  8|>ui£ri«>uiii 
urellini".  No  strouirly  marked  tunic-a  albugiuca  is  present,  and  the  erectile  tiijsuo  i- 
practically  bounded  by  the  firmly  adherent  skin.  Surrounding  the  urethni,  which  in  this 
])art  of  tho  ])iMiis  is  roprosented  h\  a  latonilly  compressed  slit-like  passiige,  is  a  nia.vsnf 
fibro-elastic  tissue  wliicli  forms  a  kind  of  median  septum  within  the  glans.  This  soptma 
is  continued  l^ick wards  to  join  the  sheath  of  the  conical  end  of  the  corpora  cavernosa,  asi«i 
veiitrally  it  irives  attacliment  to  tiie  frenulum  of  the  prepuce.  It  imperfectly  dividi-*  tli»: 
ere<-tile  tissue  of  the  dans  into  ri^ht  and  left  portions,  which,  however,  freely  com m unit-ate 
ilorsally.      From  th(?  septum  trabocuhe  pass  out  in  all  directions  into  the  tissue  of  the  ;.'laij>. 

[.i»osely  surrounding^  the  cor])ora  cavernosa  and  the  cor])U8  spongiosum  is  a  fibnJ^^ 
sheath  containinix  numerous  clastic  tissue  fibres.  This  sheath  is  termed  i\\Q  fafriii  y-fnU 
aiifl  n^aclu'S  as  far  as  the  base  of  the  glans,  where  it  becomes  fixed  to  tlie  floor  of  the 
;zr<M)ve  limited  by  thi'  corona  <;lan<lis.  In  its  proximal  part  the  sheath  gives  insertion  to 
niany  of  tin*  fil)n>s  of  the  hulbo-cavernosus  and  ischio-cavemosus  muscles. 

Superficial  to  the  fascia  ])enis  is  a  layer  of  extremely  lax  areolar  tissue,  and  more 
superficial  still  is  a  prolon-jation  of  the  dartos  muscle  of  the  scrotum  (dartos.iK.'nis)  ;in-i 
tiu*  (h'licate  skin  of  the  penis.  Numerous  seluiocous  glands  are  present  in  the  skin. 
osp<»cially  on  tho  urethni  1  aspect  of  the  penis. 

In  s«.iiu!  iiinnuiials,  such  a^*  the  walnut,  dog,  l»ear,  1)alKX)ii,  etc.,  a  lx)ne  called  the  M  peniii* 
dov«'lojnHl  in  tho  se])tuni  which  iiit«*rv(tiie8  l»etwoen  the  cor|X)ra  cavemowL 

Vessels  and  Nerves  of  the  Penia — The  penis  receives  its  arterial  supply  fxom  branches  of 
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(Fig.  840).     The  lateral  surface  of  the  prostate  is  convex  and  prominent,  essf^(i& 
in  its  posterior  and  upptT  portion,  and  rests  against  the  fascia  covering  theleTa^d 
ani  muscle.     Tht^  lateral  surfaces  are  directed  for  the  most   jmrt  outA^ards.  di^vn- 
wards,  and  somewhat  forwards,  and  meet  together  in  front  in  a  roundt^  anieri-j 
border,   often    called    the    "anterior   surface"   (facies   anterior)    of    the  j-wfufe 
Posteriorly  tlu^  prostate  presents  a  flattened  somewhat   triangular  area,  «liw^:X 
l)ackwards  and  downwfirds  against  the  anterior  wall  of  the  rectum,  from  which  : 
is  separat(»d  l)y  a  laycT  of  the  pelvic  fascia.     This  tlattened  posterior  snz&ce  iiKTfi* 
posterior)  is  ReparaU*d  on  each  side  from  the  lateral  surface   l»3'  a  roundeii  i-«r:-* 
which,  b(;ginning  above  at  the  prominent  Lateral  jMirt  of  the  pnistate,  ^inh  W  i 
at  the  apex  of  tlie  organ.     Tlie  apex  of  the  prostate  (aiK^x  prost-itic)  priint<  i-'^t- 
wards,  and  is  in  relation  to  the  compressor  urethrie  muscle,  from  which  it  is  yv-^- 
ated  by  the  pelvic  fascia.     From  the  apex  the  rounded    anterior   lx)rder.  wkl 
separates  the   lateral   surfaces,  j)as8e8  upwards   in   the   middle    line   l)e]iin'i  tt 
symphysis  pubis  and  retro-pubic  pad  of  fat.     This  border  is  interrupted  in  its  loart 
part  by  the  passiige  of  the  uretlira. 

When  the  wipsule  formed  by  the  pelvic  fascia  is  stripped  off  the  prostate  ii* 
organ  has  a  more  rounded  outline,  and  the  surfaces  just  described  are  not  ■» 

clearly  defmed.  The  anterior  k-rir: 
may  now  appear  to  be  nither  a  sur.j:- 
than  a  border,  and  the  antero-pi»?irrrt: 
diameter  of  the  wliole  organ  ia  c-:- 
siderably  reduced. 

The  uretlira  enters  the  pr^iai" 
at  a  point  near  the  middle  of  its  j^j^i 
surface,  and  leaves  it  at  a  point  sitiut^: 
on  its  anterior  bonier,  just  aliove  ano 
in  front  of  the  apex.  As  it  descemi* 
the  urethra  describes  a  curve  which  i* 
concave  forwards,  and  in  mesial  sectiwj 
it  is  seen  to  lie  on  the  whole  nearer 
bferena  to  the  postcrfor  surface  than  to  iLe 
anterior  border  of  the  gland. 

The  common  ejaculat4:»ry  duct^^,  en- 
tering a  slit-like  interval  or  hilum  situ- 
ated just  in  front  of  the  border  which 


IllMlUur  niMix 


tnfi^}t)-Jatcral 


Ureter 


Vjis 


l^oatodor  stuiiwiB  of  prtksUtu 

Fn;.  841.  -PitosTATt:,  Bijvddkr,  and  Seminal 
Vksiii.ks  skkn  from  kelow. 

Drawn  from   a  spn.inu.ii  lianleiu.l  in  siftt.     Tlie  lateral  separates  the   base    from    the   IXeteiil 

surfaces  of  tlu'  prostati*  an?  seen  one  on  cai:h  side  of  „„«r«^^  ,.C  *.u«  , i.    i.  i  i 

the  urethra  an.l  in  fmut  of  the  i>..«terior  surface.  SUrJace  Ot  the  prOState,  run  downwapl?. 

inwards,  and  forwards,  to  open  iut* 
the  prostatic  i)orti()n  of  the  urethra  very  close  to  one  another.  The  somewhat 
wedge-shaped  portion  of  the  prostate,  which  lies  between  these  ducts  and  ik 
postt'rior  a8j.>ect  of  the  urethra,  receives  the  name  of  middle  lobe  (lobus  medius,  Fii' 
845).  The  Ijase  of  this  middle  lo]>e  projects  upwards  against  the  bladder,  and  i? 
continuous  with  the  part  of  the  bladder  wall  lying  immediately  liehind  the  un*thra] 
orifice.  When  hypertrophied  (as  it  often  is  in  old  iK?ople)  the  middle  loin?  of  th^ 
l)rostate  may  cause  a  consideralde  elevation  in  the  cavity  of  the  bladder,  to  whicl 
the  term  uvula  vesica?  is  api)lied,  and  which  possesses  considerable  surgical  inten..*: 
The  rest  of  the  prostatic  is  dt^scrilxid  as  being  comjxised  of  two  large  lateral  portion: 
or  lateral  lobes,  which  are,  however,  not  marked  off  from  one  another  superticialk. 

In  front  of  the  prostate,  l>etween  it  and  the  pubis,  is  a  rich  venous  plexus  in  whirli 
the  dorsiil  vein  of  the  i)enis  terminates.  This  plexus  is  continued  backwards,  on  each 
side,  round  the  lateral  asi)ect  of  the  prostate  and  joins  the  large  thin-walled  veins 
which  arc  collected  for  tlie  most  part  in  the  de<?p  sulcus  between  the  blmlder  wall 
and  tlie  prostate,  and  fcn-m  the  prostatico-vesical  plexua  Most  of  the  veins  formiujjr 
this  plexus  lie  partly  within  and  partly  outside  the  dense  fibrous  capsule  of  the 
prostate,  which  is  dt^ived  from  the  visceral  pelvic  fascia  (Figs.  842  and  84:^). 

The  fibrous  capsule  of  the  prostate  is  formed  by  the  visceral  pelvic  fascia,  ami 
closely  invests  the  gland  on  its  lateral  and  posterior  aspects.  Inferiorly  at  the 
a{)ex  of  the  prostate  this  capsule  becomes  continuous  with  the  layer  of  fascia  which 
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i.rethra.  In  front  of  the  upj^er  part  of  the  prostatic  portion  of  the  ureihra  then 
i.-i  ii  nin<>,  of  sijifxith  iniis^.ular  tibrei',  which  is  continued  upwards  and  liackwards  ■: 
thf;  r,lU:-  of  tti*.'  iin-thni  to  form  a  part  of  the  sphincter  vesicae.  At  a  lower  leTt 
.-tri|»#:ti  ni!i-ciibir  li.--.siie,  which  is  continuous  with  the  deep  part  of  the  compreap.^ 
iirrthnt-  ijiii.-r:l»-.  frfcnpie>  ;i  ]>risition  in  front  of  the  urethral  canaL 


A 

t    \ 


..f  i.r-.-t.iMi- 


>t,,iii(N  'if  iiiMMMilar  ti-j»u»' 
I'l'..   'rl.i.— Ti:\.N-VM{^K  SKrThiN  THinir«rH  THE  I'lUj^TATE,  about  half-way  between  it.>  :ii)e\  and  Ix". 

Tlie  imi.scular  tissue  of  the  prostate  may  be  regarded  as  the  thickened  muaul 
laycM-  o\'  llie  wall  of  the  urethra,  which  has  l^ecome  broken  up  and  invaded  by  t! 
prustati(i  jxlaiids,  which  arise  and  are  developed  from  the  lining  layer  of  the  ear 
dnrin;/  (uiil)ryoiiic  life. 

in  old  a;(e  the  prostate  frequently  undergoes  an  hypertrophy,  which  may  artV 
ehietly  the  ^dandular  tissue,  or  the  entire  organ.  Xot  infrequently  ealcai-eous  p 
cnaions  are  found  «^nilKMl(l(;d  in  the  prostate. 

Vessels  and  Nerves  of  the  Prostate.  The  prf>»tatt',  itMeiv«i  it^  blood -supply  from  br-iii- 1 
uf  ilif  haemorrhoidal  and  inferior  vesical  arteries,  wliilti  the  large  plexus  of  veins  which  siirr...ui 
it,  :iii<l  into  whirli  the  vt'iii>  of  th(^  ])enis  open,  communiaites  witu  the  vesical  plezog,  and  dra 
into  tin-  internal  ilia*-  vr.ins.  In  old  people  the  veins  of  the  prostatic  plexus  usually  bt^o 
Mill'  li  «'nlai-^iMJ.     Tin*  iM-rvtvi  ot"  the  jn-ostat^.'  ani  derived  fi-om  the  hypogastric  plexus. 


COWPER'S  (ELANDS. 

Cowper's  glands  (glanduhe  bulbo-urethrales)  are  a  pair  of  small  bodies  placed 
ndat  ion  to  the  second,  or  membranous,  part  of  the  urethra.  They  are  each  aU 
the  si/(.'  of  a  ]rm,  and  are  of  a  yellowish -brown  colour.  Situated  in  the  s{j» 
bctwct'ii  the  two  layers  of  the  triangular  ligament,  they  he  below  the  level  of  i 
ajM'.x  of  tilt'.  ])n)siate,  and  above  that  of  the  bulb  of  the  corpus  spongiosum  (Fi 
S44  and  84(>).  TIk;  gland  is  made  up  of  a  number  of  closely  applied  lobee 
lohuh's,  and  is  of  the  compound  racemose  tyi)e.  The  ductules  of  each  gland  ue 
t,o  form  a  single  duct  (ductus  excretorius),  which  pierces  the  bulb  of  the  cor] 
spon.Lciosuni,  and,  after  a  relatively  long  course,  ends  by  opening  into  the  spoi: 
portion  of  {\ir.  unahra  by  a  minute  ajxirture.  The  secreting  acini  are  lined 
•  olmiinar  epithelium. 

Tin;  L^dantls  nveive  their  arterial  supply  from  the  artery  to  the  bulb. 

In  ol<l  a^'r  tli«*bf  «;land>  an-  often  ilitficult  to  find. 
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THE   MALE   URETHRA. 

The  urethra  in  the  male  is  a  channel  of  about  eight  inches  in  length  leading 
from  the  bladder  to  the  external  urethral  orifice  at  the  extremity  of  the  glans 
penis.  The  canal  serves  not  only  for  the  passage  of  urine,  but  it  also  affords  an 
exit  for  the  seminal  products  which  enter  by  the  common  ejaculatory  ducts,  and 
for  the  secretion  of  the  prostatic  and  Cowper's  glands.  In  addition,  numerous 
minute  glands  (glandulse  urethrales)  pour  their  secretion  into  the  urethra. 

As  it  passes  from  the  internal  urethral  orifice,  to  its  external  opening,  the 


iiLLrface  of  bliadder 


Vt*  f]  efereufr 


Uiflter-^ 


Seminfti  Tflidelih 


,0hllt^mt*?4  hypo- 
Umdms 


Wmmlar  oott  of 


Cowpert  gUnd. 


Bulb  of  vretlua 


ifjma  sTtongioeum 


Iaui  penis 


Fkj.  J544. — Thk  Biaddkr  and  thk  SxRitTrRKs  TKAVfcHsKD  BY  THK  l-KKTHRA,  Been  from  tile  outer  side 
aftiir  removal  from  the  body.     The  bladder  has  l)eon  artiticially  distemle^i. 

urethra  describes  a  somewhat  CO  shaped  course,  and  it  is  customary  to  divide  it  into 
certain  sections  which  have  received  distinctive  names.  The  first  part  of  the 
urethra  lies  within  the  pelvic  cavity,  and  has  an  almost  vertical  course  as  it  traverses 
the  prostate.  Turning  more  forwards,  the  urethra  passes  below  the  pubic  arch, 
and  pierces  the  fibrous  layers  which  form  the  pelvic  wall  in  this  region.  Leaving 
the  pelvic  cavity,  the  canal  enters  the  bulb  of  the  cori)us  spongiosum,  where  the 
latter  is  attached  to  the  triangular  ligament,  and  throughout  the  rest  of  its  course 
it  lies  in  the  erectile  tissue  of  the  corpus  siongiosum  and  glans  penis.  The  part  of 
the  urethra  which  lies  embedded  in  the  prostate  is  called  the  prostatic  portion ;  the 
sliort  ]^>ortioD  which  pierces  the  pelvic  wall  is  called  the  membranous  portion,  and 
the  i.)art  surrounded  by  the  corpus  spongiosum  receives  the  name  of  spongy  portion. 
Of  these  three  sections  of  the  urethra  the  spongy  portion  \b  much  the  longest,  and 
the  membraflous  is  the  s/iortest 
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strtiiry  ' 


^ir%i  4i»L-iml  veruitm 


»trfbiJA«il 


tSyntptiysi* 


w 


V 


ll*^t"1i:i 


l^artlaiiA  of  xwsa  dnl^r^nUii  cut  in  4Kr|foil 

l>i.  S46,— Mksul  Sbctjok   oit  av   Ari(tt.T   Mju;   Pllvis. 


Itnllin,''!  iiixl.tiiir 


Thff  Colin  Cif  the  iiriiiiLl  mte»tiii«  iind  of  the  pulviii  oohm  ift\mh  l&y  wilttiu  ihv  |»elv|fe  hiive  liuen  lifUsd  out  In  < 
to  give  K  vkw  of  tht!  aide  wall  of  tlits  piiitvir  cuviiy.     The  pentoucuui  in  uo)oitr«4  bliiie. 

DevelopnientailY  the  spongj  portion  of  the  iiR*thra  litis  h  tlilferent  orr 

the  otlier  Bub<liviHir)iiaj  as  it  iB  det 

[nxi'^'U It ic    aiul    ineiuhraDtHi*^   ^^nrtioru 
tlunr  arigiii  to  the  uriti' 
derivative  of  the  endoden; 

Prostatic  Portion  of  the  Urethm*- 
Th  e   }  >  n  (s  ta  t  io   par  t    ( p*u^    |  j  ms  t  t  -    ■ 
Lht^  un*tlird  descendft  tbrouij^h  ilj» 
fruin  i\w  base  towards  tii" 
a  slight  tmn'tj  which  is  i 
It    is  about  oue   inch   in   length,  aod 
iiarriJWBr   alKjve   and    l»eh>w    thnn   in 
middle  ftf»rtioii,  which  is  indeed  th**  wid-^i 
part  of  the  whole  urethral  eanal.      " 
while  fhdd  is  paHaing,  thr  canal  iai  olli 
and  tlje  mucous  mem  bran 
and  posterior  walli*  is  in  e(  1 1 
into  a  series  of  longitudinal  tbld^.     Whi 
dbtended,  tlu^  middle,  m  \\idesl  part 
eanal,  may  normally   have  a    diame|{ 
about  tine 'third  of  au  inch.     The  fw 
wall,  often  termt^d  the  '' t^uor "'  of  t^ 
static  urethra,  presenta  a  ilistinft 
ritli^e  or  elevation  cidled  tho  crista 

[a  uiethralifij  or  vemmontanam  \¥^ 
fNtui.      This   prnjectfi    Inrviiudia   mtu 
urethm  to  »udi  an  extent  that  the 
Kommvhat  CTrt'^seiiiie  outlitu^.      In   Ui 


VpritVi    PoHTIl*N    Ob     THIS    SlHlNUY     UbKTHHA» 

opKfied  from   in  I'rojil  ma}  abave  ta  sbow  the 
tiretlim". 


in    transverse  stMHion    presents  a 
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sions  or  grooves  on  each  side  of  the  crista  urethrae  the  numerous  ducts  of  the 
prostatic  glands  open  by  minute  apertures.  Some  few  ducts  from  the  middle 
part  of  the  gland  open  nearer  the  middle  line,  on  the  sides  of  the  urethral 
crest.  On  the  summit  of  the  crista  urethrae  is  a  slit-like  opening  which  leads 
backwards  and  upwards  for  a  distance  of  about  a  quarter  of  an  inch,  as  a  blind 
pouch,  in  the  substance  of  the  prostate.  This  little  cavity  is  tlie  prostatic 
atricle  (utriculus  prostaticus)  or  sinus  pocnlaiis,  and  represents  the  fused  posterior 
ends  of  the  Miillerian  ducts  from  which  the  uterus  and  vagina  of  the  female 
are  developed.  iThe  term  uterus  masculinus  is  therefore  sometimes  applied  to 
this  little  pouch.  On  each  side  of  the  mouth  of  the  utricle  is  the  nmch 
more  minute  opening  of  the  common  ejaculatory  duct.  When  traced  upwards 
towards  the  bladder,  the  urethral  crest,  diminishing  in  height,  becomes  indistinct, 
but  in  it  can  often  be  traced  as  a  slight  median  ridge  as  far  as  the  uvula  vesicse. 
When  followed  in  the  opposite  direction  the  ridge  becomes  less  marked,  aud  can 
be  followed  on  the  urethral  wall  into  the  meml)ranous  portion  of  the  canal,  where  it 
divides  into  a  pjiir  of  inconspicuous  folds  or  elevations,  which  gradually  fade  out 
into  the  urethral  wall  (Fig.  846). 

The  curvature  and,  to  a  less  degree,  the  length  of  the  prostatic  urethra  depends 
upon  the  amount  of  distension  of  the  bladder  and  of  the  rectum. 

Membranous  Part  of  the  Urethra. — The  second  or  membranous  portion 
(para  membranacea)  of  the  urethra  leads  downwards  and  forwards  from  the  apex  of 
the  prostate  to  the  bulb  of  the  corpus  spongiosum,  and  is  the  shortest  and  narrowest 
of  the  thrt^e  subdivisions  of  the  canal,  its  length  Imug  somewhat  less  than  half 
an  inch.  It  begins  at  the  deep  layer  of  the  triangular  ligament,  a  layer  of  i)elvic 
fascia  which  lies  above  the  compressor  urethra)  muscle,  where  it  is  continuous 
with  the  prostatic  portion,  and  ends,  having  pierced  the  superficial  layer,  by  be- 
coming continuous  with  the  spongy  portion  of  the  urethra.  PLiced  in  front  of  the 
rectum,  it  lies  al)Out  one  inch  l)ehind  and  Ix^low  the  sub-pubic  ligament,  and  is 
surrounded  by  fibres  of  the  compressor  urethne  muscle.  Behind  it,  on  each  side 
of  the  mesial  plane,  are  Cowi)er's  glands.  The  posterior  jwirt  of  the  bulbus  urethrte 
projects  backwards  and  overlaps  to  a  considerable  extent  the  posterior  wall  of  the 
second,  or  membranous,  part  of  the  urethra. 

The  membranous  portion  of  the  urethra  is  the  most  firmly  fixed  and  legist 
dilatable  jmrt  of  the  passage. 

A  slight  median  elevation,  which  is  continuous  al)ove  with  the  crista  urethras, 
projects  into  the  canal  from  its  posterior  wall,  and  becoming  l(»ss  marked  as  it  is 
traced  downwards,  is  often  seen  to  divide  into  two  faint  ridges.  When  the  canal 
is  empty  other  longitudinal  folds  or  ridges  ani  usually  to  l)e  seen  on  the  mucous 
membrane,  but  these  bticome  obliterated  when  the  passagtj  is  distended.  The 
lumen  of  the  empty  tube,  in  transverse  section,  presents  a  stellate  outlint*. 

The  terminal  portion  of  the  membranous  urethra,  where  it  is  overlapi)cd  |)<)steriorly  by 
the  urethral  bulb,  lies  in  front  of  the  triangular  ligament.  It  is  considcnibly  wider  than 
the  upper  imrt  of  this  subdivision  of  the  canal,  and  is  very  thin-walled  (Figs.  H44  and  845). 

Spongy  Portion  of  the  Urethra. — The  third  or  spongy  portion  (pars 
ciivenio-sa)  of  the  urethra  is  much  the  longest  of  the  three  sulxli visions.  It  begins 
at  a  i)oint  about  half  an  inch  in  front  of  the  iK)3terior  end  of  tiie  bulb,  and  ends  at 
the  external  orifice  on  the  glans  penis.  Its  proximal  or  j)crin(»al  portion  has  a 
fixed  position  and  direction,  while  its  distal  part  varies  with  the  piKsition  of  the 
jwnis.  The  canal  is  about  six  inches  in  hmgth,  and  is  related  throughout  its 
whole  extent  to  the  erectile  tissue  of  the  coqms  siwugiosuni  and  glans. 
Directed  at  first  forwanls  through  the  bulb  of  the  corpus  siKmgiosum,  the  canal 
turns  downwards  and  forwards  at  the  point  where  it  comes  to  lie  in  front  of  the 
lower  part  of  the  symphysis  pubis  (Fig.  845).  This  V>end  in  the  direction  of  the 
canal,  roughly  speaking,  corresponds  to  the  place  of  attachment  of  the  suspensory 
ligament  to  the  dorsum  of  the  \yeuiB,  When  the  penis  is  drawn  upwards  towards 
the  front  of  the  abdomen,  the  direction  of  the  terminal  half  of  the  canal  is  of  course 
changed,  and  at  the  same  timii  the  whole  length  ot  tt^ia  BubdiviBion  of  the  urethra 
becomes  more  uniforaij  curved.    The  urethra  w^ing  obliquely  downwards  and 
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forwanls  ciit-ers  tlieluilb  at  a  point  nearly  half  an  inch  from  its  posterior  exlreiniiy 
Innnediately  after  the  canal  has  pierced  the  triangular  ligament  its  i"»si':rn<' 
aspect  becomes  surrounded  l>y  the  erectile  tissue  of  the  bulli,  but  the  anterior  w.^] 
remains  uncovered  for  a  distance  of  about  a  quarter  of  an  inch  (Figs.  844  and  ^4". 
The  wall  of  the  urethra  is  here  very  thin,  and  the  pfissage  is  more  readily  dilat^^li 
tliau  in  other  ])arts.  In  this  region  the  urethral  wall  may  readily  be  torn  ihriy.i.! 
it'  undue  force  is  used,  or  if  the  handle  is  depressed  too  soon  when  attc^mptini:  i 
pass  an  instrument  into  the  narrower  more  fixed  membranous  part  of  the  can/ 
The  urethra  lies  at  first  in  the  upper  part  of  the  erectile  tissue,  hut  as  it  j^iis- 
forwards  it  sinks  deeper,  and  comes  to  occupy  the  middle  part  of  the  cvr,.: 
s])ongiosum  (Fig.  845).  In  the  glans,  on  the  other  hand,  the  erectile  tissue  li»t^ « 
tlie  dorsal  and  lateral  aspects  of  the  urethra.  Like  the  other  parts  of  the  uretli: 
tlie  canal  is  closed  except  during  the  passage  of  fluid,  the  closure  being  eflccted  i 
the  apj^osition  of  its  doi*sal  and  ventral  walls  except  in  the  part  of  the  cmiiil  whi« 
lies  in  tht'  glans  ^n^nis,  where  the  lateral  walls  of  the  canal  come  into  coiit.j 
(Fig.  847).     Thus    the    lumen  of  the  first  part  of  the   canal,  when    empty, 

represented  in  cros.s  .<e 
tion  by  a  transverse  A) 
and  that  of  the  terniiu 
part  by  a  vertical  si; 
The  spongy  jiart  uf  il 
urethra  dttea  not  }>res»'i 
a  uniform  calibre  thruu_l 
out,  but  is  narrower  in  i 
intermediate  i)art,  wlu' 
it    traverses    the    vory. 

¥U',.    847.      A     LnN.;iTL:i)LNAL     SECTION    OF     THK     TEUMLNAL   I'ORTIUN     OF    SPOOgioSUm,   thail    it    i^  1 
TIIK  PlMS.    AND    A    TUANSVKKSE   SECTION    THROVOH    THK    BoDY    OF    tllOSC  pOltlOnS  ul  itS  COUr 

which  are  surroundeii  i 
</.  (;i:jns  ppiiis.  g.  Dorsal  vein,      the  bulb  and   the  glaa 

..   Fo.,sa  uuviculari-s.  h.   Dorsal  nrt.^ry.    rp,^^  terminal  dilated  {«] 

/.    Tart  ot  septum  pectimforiiie.    i.    Dori^al  iiervt*.        ..   . ,  .  * 

oi  tiie  piissage  is  lermt' 
the  fossa  navicularis  nrethrae,  and  opens  on  the  surface  by  the  vertically-pl.io»; 
slit-like  external  urethral  orifice  (uriticium  urethne  externum),  which  is  liounde 
by  Literal  lips,  and  is  the  narrowest  and  least  dilatable  part  of  the  whole  uretlir 
c*anal. 

The  ducts  of  Cowper's  glands  open  by  very  minute  apertures  in  the  und»; 
wall  of  the  proximal  part  of  the  spongy  portion  of  the  urethra.  Before  o[teniii 
into  the  canal,  they  lie  for  some  distance  innuediately  beneath  its  mucous  men 
brane.  A  number  of  little  pit-like  i*ecesses,  called  the  lacnna  nrethrales,  also  »>ik? 
into  the  si»ongy  part  of  the  uivthra,  and  are  so  disposed  that  tlicir  openings  It  a 
for  the  most  i»art  oblicpiely  into  the  Cimal  in  the  direction  of  its  external  oritice. 

Ill  jfoiiu'  (!as«.-.s  a  KiiiU'wliat  valvo-liko  fold  (valvula  fossa  uavicularis)  of  the  iiiucoii.s  iinriul.-r.t: 
iri  ftmiid  ill  tlu-  upper  wall  of  the  iin.:tlira  in  the  region  of  th(;  fostvi  liavicularis.  The  friH?  i-^.i^v 
this  f(»ld  is  (lintel ed  towaixls  the  external  un^tliral  orifici^,  and  may  engjige  the  ix>int  of  a  tii 
instrument  inti'Miu«-ed  into  the  urethra. 

Structure. — The  nmcuus  membrane  of  the  urethra  contains  numerous  elastic  tihr 
and  varies  in  thickness  in  diflercnt  parts  of  the  canal.  In  many  pobitious  it  >ii" 
di?^tinct  longitudinal  folds  and  also  minute  depressions  or  pits, — the  lucuufe  alrea- 
uiontioned.  The  lining  epitiieliuni  is  composed  of  many  layei*s  of  cells,  and  is  coiitiuut* 
tiirough  the  internal  nretinal  orifice  with  the  epithelium  of  the  bladder,  whicii  at  tirst 
ch'sely  resembles.  At  the  fos^a  navicidaris  the  lining  cells,  which  throughout  ihe  ?^|-'ii 
portion  of  the  eanal  are  of  a  colunnu\r  type,  become  flat  and  scaly. 

Xunierons  minute  j^lands,  glands  of  Littr6  (glandulie  urethrales)  <>[)on  intu  i 
nretjjra.  These  are  most  plentiful  in  the  upper  or  anterior  wall,  but  they  also  <xeur 
smaller  numbers  in  the  floor  and  side  walls.  They  are  most  numerous  in  the  anteri 
iialf  of  the  siM»nj;y  portion  of  the  canal,  and  in  the  membranous  sulKlivision  of  the  nrethi 

The  larger  Lflands  arc  deeply  placed  iMjnetith  tiie  nmcous  coat,  and  communicato  wi 
the  urotiira  by  long  tslcnder  obliquely-placed  branched  ducts.     The  amaller  glaudif  lie 
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fi.  ('(»rjuis  ('avi.'ni(»>iiTii 
ff.  Corpus  sjK)n;j:io>urn. 
c.    Trutliral  iiiual. 
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pelvic  ligament),  and  is  a  portion  of  the  upper  and  outer  part  of  the  broad  Ugameut 
of  the  uterus,  which  here  contains  between  its  two  layers  the  ovarian  vessels  and 
nerves  as  they  pass  down  into  the  pelvis  to  reach  the  hilum  of  the  ovar}'.  The 
vessels  and  nerves  entering  the  ovary  along  its  anterior  border  are  enclosed  in  a 
sheath  of  peritoneum  derived  from  the  posterior  layer  of  the  broad  ligament.  In 
this  way  the  ovary  is  connected  along  the  whole  length  of  its  anterior  border  by  a 
very  short  mesentery,  or  mesovarium,  to  the  posterior  aspect  of  the  broad  liganini]: 
(Fig.  850).  The  lower  pole  of  the  ovary  is  connected  with  the  lateral  angle  of  thr 
uterus  by  a  ligament  called  the  ligament  of  the  ovary  (hgamentum  ovarii  propriinu. 
Tliia  has  tlie  form  of  a  rounded  cord  enclosed  between  the  peritoneal  folds  of  tli»^ 
broad  ligament,  and  is  attached  to  the  uterus,  behind  and  below  the  p<»inl  «.l 
entrance  of  the  Fallopian  tube.  It  is  chiefly  composed  of  smooth  muscle  fibres 
continuous  with  those  of  the  uterus.  The  upper  pole  of  the  ovary  is  usually 
directly  connected  with  one  of  the  largest  of  the  fimbriae  surrounding  tht 
abdominal  end  of  the  Fallopian  tube,  which  receives  the  name  ovarian  fixnloia  v\ 
the  tube  (Fig.  850). 

Descent  of  the  Ovary. — Like  the  testes,  the  ovaries  at  first  lie  in  the  abdoiiiinal 
cavity,  and  only  later  assume  a  lower  position.  At  birth  the  ovary  lies  jiartly  in  the 
abdominal,  and  partly  in  the  pelvic  cavity ;  soon,  however,  it  takes  up  a  jKisition  entirely 
witliin  the  pelvis.  As  in  the  male  a  gubernaculum  is  present  in  the  early  siiiges  vi 
development.  The  ligament  of  tlie  ovary  represents  the  upper  part  of  the  giil>eniaculiiin 
which  is  developed  witliin  the  })lica  t^jstis  inferior  in  the  male,  and  the  round  ligament  of 
tlie  uterus  rc])resent.s  the  lower  part,  which  is  formed  within  the  plica  ingiiinaHs  (see  p.  1 16>  . 
it  is  a  rare  abnormality  for  the  ovary,  instead  of  entering  the  pelvis,  to  take  a  course  similar 
to  that  of  the  testis,  and  pass  through  the  inguinal  canal  into  the  tissue  of  the  labium  niaju&. 

Structure  of  the  Ovary. — The  ovary  is  for  the  most  part  comjiosed  of  a  connectivo 
tissue  stroma  (stroma  ovarii),  richly  supplied  by  blood-vessels  and  nerves.  The  stn;»ma 
contains  very  numerous  spindle-shaped  connective  tissue  fibres,  and  some  elastic  tissue. 
The  surface  of  the  ovary  is  covered  by  a  layer  of  epithelium,  which  is  compooiid  of 
columnar  cubicid  colls,  and  is  continuous  with  the  ej)ithelium  of  the  peritoneum 
forming  the  mesovariiuii.  The  ovarian  epitlielium  is  a  persistent  portion  of  the 
germinal  opitholium  of  the  embryo  wliich  covers  the  genital  ridges,  and  from  which  the 
ova  and  otiier  cells  of  the  (Traiitian  follicles  are  derived.  The  position  in  which  it  be- 
comes contiiHKKis  with  the  peritoneiun  can  usually  be  distinguished  as  a  fine  white  line 
near  the  hilum  of  the  ovary.  Shining  through  the  epithelium  of  the  fresh  ovary  (except 
in  old  at^e),  are  usually  to  be  seen  a  variable  number  of  small  vesicles — the  Graafian 
follicles  (follieuli  oophori  vesiculosi),  in  which  the  ova  are  contained.  The  numlier  •»' 
follicles  visible,  and  also  the  size  which  each  follicle  reaches  before  it  ruptures  and  sbetls 
its  contents,  is  by  no  means  constant.  When  a  follicle  ruptures  and  discharges  the  ovum 
its  walls  at  first  collapse,  but  later  the  cavity  becomes  filled  with  extravasated  blood  and 
cellular  tissue  of  a  yellowish  colour.  The  resulting  structure,  called  a  corpus  Intevin, 
slowly  degenerates  unless  impregnation  has  taken  place,  in  which  case  it  develops  and 
becomes  larirer  during  ])regiiancy.  As  it  atrophies  the  cells  of  the  corpus  luteuni 
disappear,  and  the  structure,  losing  its  yellow  colour,  receives  the  name  of  corpiis  albicans. 
After  a  time  the  corpus  albicans  completely  disappears.  Owing  to  the  periodic  rupture 
of  tiie  Graafian  follicles,  the  surface  of  the  ovary,  which  is  at  first  smooth  and  eveu. 
becomes  in  old  age  dimpled  an<l  puckered. 

A  section  through  the  ovary,  es])ecially  in  young  children,  presents  iu  its  8ujK?rHoial 
part  a  somewliat  granular  appearance,  which  is  due  to  the  presence  of  enormous  uuuiIxts 
of  small  follicles,  or  collections  of  epithelial  cells,  embedded  in  the  connective  tissue 
near  the  surface  of  the  ovary.  The  larger  follicles  lie  deeper  in  the  stroma,  hut  when 
they  become  fully  devel()])cd  they  pass  towards  the  surface,  where  the  ripe  follicles  are 
often  seen  slightly  proj(;cting  and  ready  to  burst.  In  the  deepest  j>art  of  the  ovar>'  the 
blood-vessels  are  most  numerous,  and  here  also  some  smooth  muscle  fibres  are  to  be  found. 

The  ova  and  the  other  cells  that  compose  the  Graafian  follicles  are  derived  originallv 
from  the  germinal  epithelium  which  covers  the  developing  ovary  in  the  embryo.  The 
epithelium,  at  first  simple,  grows  down  into  the  underlying  tissue  in  the  form  of  branching 
tube-like  processes,  or  "ego;  tubes."  This  takes  place  during  foetal  developmeut,  and  the 
branching  cellular  ])rocesses  so  formed  become  broken  up,  within  the  stroma,  into  little 
nests  or  clumps  of  cells,  each  of  which  becomes  a  Graafian  folliole.  From  the  beginninj^ 
some  cells  of  the  egg  tubes  are  larger  than  the  othen;  these  beoome  the  future  ova 
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iiiuoh  iiJirrowor  wIkmi  the  muscular  coat  of  the  tube  is  contracted.  Tliis  oj.N^niT 
])hioeAl  ut  the  bottom  of  a  funnol-like  expausion  of  the  tul)e  called  the  infundiln 
(iTifuTKUbulum  tuba>  uteriiiir').  the  margnis  of  which  are  produced  into  a  numb 
iiTe<;ul;i.r  ])rocesscs  or  fimbriae  (fimbriae  tubje).  The  presence  of  these  fimbria:-,  u 
of  which  ani  branched  or  frin^'ed,  has  given  the  name  fimbriated  extremity  to 
end  of  tlu!  Kallo})iau  tube.  The  surface  of  the  iimbria?  whicli  lo<"»ks  into  the  r; 
of  the  infinuUbulum  is  covered  by  a  mucous  membrane  continuous  with  that  \\ 
the  tube,  while  the  outer  surfatre  is  clothed  by  peritoneum.  The  mucous  sur 
of  the  hiri^cr  limbriji'  pre.st^nt  ridges  and  grooves  which  are  continued  into  the 
ami  furrows  of  the  mucous  coat  of  the  tube.  One  of  tlie  fimbria^,  usually  i 
f.  larger  than  the  rest,  is  connected  either  directly  or  indirectly  with  the  u\*\m 

f  tubal  pole  of  tlie  ovary,  and  to  it  the  name  ovarian  fimbria  (fimbria  ovaric 

j  ap]ilied.     The  part  of  the  tube  continuous  with  the  infundibuluni,  and  into  m 

J  the  ostium  abdominale  leads,  is  called  the  ampulla  (ampulla  tubio  uterina-;. 

tlu*  widest  and  lr)ugest  portion  of  the  Fallopian  tulje,  is  usually  tortu<»us  ai 
varying  diameter,  being  in  some  places  shghtly  constricted,  anil  in  others 
tended.  The  wide,  thin-w^alled  ampulla  ends  in  the  narrower,  thicker-wall«/d, 
much  shorter  isthmus  (isthmus  tuba*  uterina-)  which  joins  the  lateral  angle  ol 
f  uterus.     The  last  portion  of  the  canal,  or  pars  uterina,  is  embedded  in  the  .subsi 

of  the  uterine  wall,  which  it  traverses  to  reach  the  cavity  of  the  uterus  (FiL^  J^-'l 
The  o})LMiing  into  the  uterus  (ostium  ut4?rinum  tuba*)  is  smaller  than  the  <i!* 
abdoniimle,  being  about  1  mm.  in  diameter.     The  lumen  of  the  canal  graeii 
inereas  iS  in  width  as  it  is  traced  outwards  from  the  uterus  towards  the  ovary. 
■  Course  of  the  Fallopian  Tube.     Traci'd  from  the  lati.*ral  angle  of  the  ui 

the  Fallopian  tuln*  is  directed  at  lirsL  horizontally  outwards  towards  tlie  lowt 
uterine,  ])ole  of  lh<^  ovary.  Tt  then  passes  upwards  in  relation  to  the  inner  sii 
thi^  anterior  border  (»f  the  ovary,  until  it  reaches  the  upper  or  tubal  pole,  w] 
arching  backwards,  it  descends  along  the  posterior  border,  resting  against  the  i 
surface  of  the  gland  (Fig.  So2).  As  the  Fallopian  tube  describes  this  L»f»p  it  c 
covers  almost  the  entire  inner  surface  of  the  ovary.  The  fimbriated  end  of 
tube  lies  au^ainst  the  lower  part  of  the  inner  surface  of  the  ovary,  and  from  it 
ovarian  timbria  ])asses  u])wards  to  gain  attachment  to  the  tubal  pi)le. 

Tin-  Hull  •rial  111  vud  «»f  llif  Falloju'aii  tain-  Vu'i>  in  the  alMldiinnal  mvity  until  the  ovaiy  i 

(l«^>*('t'i»t  h:\<  rntfTi-fl  IIm'  p«']vi<. 

Structure  of  the  Fallopian  Tubes.  The  wall  of  each  tube,  which  is  sum>ui 
by  a  cuvoriiig  of  |»L'ntonouiii  (tunica  serosa),  is  eomj»osod  of  a  number  of  concentric  la; 
or  coats.  Inniu'diutcly  beneath  the  peritoncmn  is  a  layer  of  loose  connective  tissn 
w  hich  lie  many  vessels  jind  nerves  (tunica  adventitia).  Ikmeath  this  is  the  muBcnlar 
(tuiiic.i  nmscuhiris)  compised  of  two  strata  of  smooth  muscle  fibres, — a  more  .super 
thin  stratum  of  longitudinally  arranged  fibres  (stratum  longitudinale),  and  a  dt 
tliickcr  layer,  the  fibres  of  wliich  are  circularly  disposed  (stratum  circulare).  Deeper 
submucous  layer  (tela  sulauucosii),  and  then  tlie  lining  meml.»nuie  or  mucons  coat  (tii 
mucosa).  In  the  part  of  the  tube  near  the  uterus  the  muscular  layer  is  thicker 
towards  the  other  end,  and  in  the  isthmus  it  forms  the  chief  part  of  the  wall. 
mucous  njembrane,  on  the  contrary,  is  thickest  towards  the  timbriated  end,  and  liei 
fnrms  the  chi(^f  \)nvi  of  the  tube  wall.  The  stratum  of  circular  muscle  fibres  is  esix.r 
wi'll  develnped  near  the  uterus.  The  mucous  membrane  is  thrown  into  numerous  U 
tudinal  folds  (plit.;e  tubariu'),  which  in  the  ampulla  are  exceedingly  complex,  the  hi 
ones  heing  Ix-set  on  the  surface  by  smaller  fohis.  In  transverse  sections  of  this  jki; 
tlie  tuhe  tilt;  foMs  of  the  mucous  membnmc  look  like  large  bnmehing  processes  projec 
into,  an<l  almost  com]»letely  filling  up,  the  lumen  of  the  tube.  The  mucous  mendmii 
covererl  by  a  ciliated  ej)ithelium,  the  cilia  of  wluch  tend  to  drive  the  contents  of  the 
towards  the  uterus.  The  epithelium  is  coutinu<ms  with  that  of  the  uterus,  and  at 
timl)riate<l  end  joins  the  peritoneum. 

Vessels  and  Nerves  of  the  Fallopian  Tube.  The  Fallopian  tube  ru-mves  itjs  chief  hi 
Mijtply  fi-oiii  a  ItraiHJi  of  tlii^  uterine  artery  (ramus  tulwirius),  hut  it  also  receives  small  lirai 
d«  rivid  Iroiii  ih.-  ovarian  artery.  Th.'  veins  of  tlie  tulK^  puur  their  hlocxi  iwirtly  into  the  ut« 
aad  partly  into  tin-  «»\arian  veins.  The  nerves  are  (h*rivfd  fi-um  t.h«  jJexus  that  Mipplics 
ovjirv,  jnid  also  fn»ni  tin*  phxa.s  in  connexion  with  the  uterus.  The  afferent  lihres  appi\ 
hclonj,'  to  the  «hv«'nth  an<l  twt*lfth  thoraei.^  and  the  fii-st  huul.»ar  uervML  The  lymphatics 
tin:  hnnhar  gi-oii]»  of  glands. 
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The  neck,  or  cervix  uteri,  is  cyliudrictil,  and  at  its  coiiniiencement  it  is  soiueliiii*^ 
ijiark(Ml  oil"  t'roiii  the  body  ]>y  a  slight  constriction.  Its  length  is  about  one  inch,anv 
its  lower  end,  tapering  somewhat,  enters  the  upper  part  of  the  vagina.  The  conixi 
attached  to  the  margin  of  the  opening  in  the  vaginal  wall,  through  which  it  pa** 
and  in  this  way  a  supravaginal  portion  (i)ortio  supravaginalis)  is  markeil  ott'trom 
vaginal  portion  (portio  vaginalis)  of  the  cervix.  In  the  vaginal  porti<.»n  uf  theceni 
t  here  is  an  oi>ening— the  external  os  uteri  (oriticium  externum  uteri) — through  wliic 
the  cavity  of  the  uterus  communicates  with  that  of  the  vagina.  Tn  the  uterus  whic 
has  nevtu-  been  ])regnant  this  opening  is  nearly  circular,  but  hi  women  who  ha> 
l)orne  children  it  is  usually  a  transverse  sUt  with  a  somewhat  irreguLir  outhue.  I 
front  of  and  K^hind  this  opening  the  cervix  forms  two  lipH,  an  anterior  and 
posterior  (labium  anterius  et  labium  posterius).  The  anterior  lip  is  tliicker,  an 
slightly  more  rounded ;  it  is  phiced  upon  a  lower  level  than  the  posterior  lip,  whit 
is  slightly  longer  and  thinner  The  c^Tvix  enters  the  vagina  through  the  upfx 
]»art  of  its  anterior  wall  in  such  a  manner  that  the  external  os  uteri  is  dirette 
backwards  and  downwards  against  the  upjx^r  part  of  the  pc^sterior  vaginal  wa 
( Fig.  85;'.). 


riill"Iii;iii  tiiW»*  i      Ovjiry     of  ovary  Uterus 


My.la'i-I 


K;i]iUriiiUil  ehil  of  LuLk' 


Va;*iiial  cavity 
B 


Fh..  K)'l.     A.  Tmk  I'TKurs  .\M»  BiinAn  Li«;amkxt  skkx  from  bkhinu  (tW  broatl  ligniiu'iit  has*  \^i\ 

spread  out). 

/',  /«,  and  I-,  tlie  istliiKUs  tu1>a-,  tin-  lipimeiit  of  the  ovary,  and  tbe  round  ligament  of  the  ri^ht  »idi;  cut  !>Liir:. 

R    DiAMtAMMATIC    HKl'Uh>KXTATI(»N    OK   THK    TTERIXE  CAVITY    OI'ENKD   IT    KUOM    IN    KRiiNT. 

Cavity  of  the  Uterus.—  In  comparison  with  the  size  of  tlie  organ,  tlie  cavity  o 
the  uterus  (cavuni  uteri)  is  of  small  size  owing  to  the  great  thickness  of  tlie  ul«rin 
wall.  In  tlie  l)ody,  or  corpus  uteri,  the  cavity  is  merely  a  narrow  chink  Ijetween  th 
anterior  and  posterior  walls,  which  are  almost  in  contact  (Fig.  853).  When,  how 
ever,  the  organ  is  opened  from  above  downwards  in  coronal  section  the  cavity  c 
tlie  l>ody  has  a  triangular  outline  (Fig.  852).  The  liase  of  the  triangle  is  directe 
upwards,  and  corresponds  to  a  line  drawn  Ijetween  the  openings  of  the  Fallopiui 
tubes,  wliile  the  apex  is  directed  downwards  towards  the  cervix.  The  sides  of  th 
triangle  are  convex  inwards  towards  the  cavity.  The  cavity  of  the  Ixjdy  liecouitf 
conliuuous  with  tiiat  of  the  neck,  or  cervix,  by  an  opening  called  the  internal  c 
uteri  (orilitium  internum  uteri),  which  is  a  little  smaller  and  more  circular  tha 
the  external  os  uteri.  The  cavity  of  the  cervix,  or  cervical  canal  (canalis  ceniei 
uteri),  extends  from  the  inU*rnal  os  uteri,  where  it  joins  the  Ciivity  of  the  l»ody,  I 
the  external  os  uteri,  where  it  opens  into  the  vagina.  It  is  a  somewhat  spindk 
sh:i])ed  passage,  which  is  narrower  above  and  below  than  in  its  middle  i>art ;  ala 
sections  show  that  its  an tero -posterior  diameter  is  shorter  than  its  transverse  om 
owing  to  an  approximation  of  its  anterior  and  posterior  walls.  In  the  body  of  th 
uterus  the  walls  of  the  cavity  are  smooth  and  even,  but  in  the  cervical  canal  ih 
mucous  membrane  forms  a  remarkable  series  of  folds,  called  the  arbor  vito  ateriiu 
or  plicae  palmata.  These  consist  of  an  anterior  and  a  posterior  longitudinal!) 
directed  fold  or  ridge,  from  which  a  large  number  of  secondary  folds,  or  ruga 
branch  off  obli<iuely  upwards  and  outwards  (Fig.  852). 
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Connexions  of  the  Uterns  and  its  Relations  to  the  Peritoneum.— In  addition 
to  the  Fallopian  tubes  at  its  upper  lateral  angles,  and  the  vagina  below,  the  uterus 
ixwsesses  other  important  connexions.  Some  of  these  are  simply  peritoneal  folds 
passing  from  the  uterus  to  neighbouring  structures;  others  contain  fibrous  con- 
nective tissue,  or  smooth  muscle  fibres. 

The  peritoneum  covering  the  fundus  of  the  uterus  is  continued  down  over  the 
anterior  surface  as  far  as  the  junction  of  the  body  and  cervix,  where  it  leaves  the 
uterus  to  be  reflected  on  to  the  bladder,  forming  the  atero-vesical  fold,  or  "  anterior 
ligament  of  the  uterus."  The  peritoneal  recess  between  the  bladder  and  the  uterus 
is  called  the  utero-vesical  pouch  (excavatio  vesico-uterina).  Below  the  level  of  the 
floor  of  this  pouch  the  anterior  aspect  of  the  cervix  is  connected  by  loose  tissue 
with  the  posterior,  or  basal,  part  of  the  bladder.  Posteriorly  the  peritoneum  covers 
the  whole  of  the  uterus,  except  the  small  portion  of  the  cervix  which  projects  into 
the  upper  part  of  the  vagina.  The  i)eritoneum  covering  the  posterior  surface  of 
the  uterus  is  continued  to  such  a  depth  that  it  invests  a  small  portion  of  the  upper 
part  of  the  posterior  wall  of  the  vagina  before  it  is  reflected  on  to  the  rectum, 
to  form  the  recto-vaginal  fold  (Fig.  853).  The  deep  pouch  between  the  uterus  and 
vagina  in  front  and  the  rectum  behind  is  called  the  pouch  of  Douglas  (excavatio 
recto-uterina  or  recto-genital  pouch),  and  its  entrance  is  bounded  on  eacli  side  by 
a  crescentic  i)eritoneal  fold,  which  passes  from  the  pcxsterior  surface  of  the  cer\ix 
uteri  to  the  posterior  wall  of  the  pelvis,  and  ends  near  the  side  of  the  rectum. 
These  crescentic  folds  are  called  the  recto-uterine  folds  (plicie  recto- uterinie,  recto- 
genital  folds),  or  folds  of  Douglas,  and  each  cont^iins  between  its  layers  a  consider- 
able amount  of  fibrous  and  smooth  muscular  tissue.  Some  of  these  fibres,  which 
are  continuous  with  tlie  uterine  wall,  pass  backwards  to  reach  the  rectum  and 
constitute  the  recto-uterine  muscle  (musculus  recto-uterinus) ;  others,  gaining  an 
attachment  to  the  front  of  the  sacrum,  form  the  utero-sacral  ligament.  In  many 
cases  the  recto-uterine  folds  become  continuous  with  one  another  across  the  middle 
line  l)ehind  the  cervix  uteri,  and  form,  in  this  position,  a  transverse  ridge  termed 
the  torus  uterinus.  The  pouch  of  Douglas,  or  recto-genital  i)ouch  of  the  female, 
represents  the  recto- vesical,  or  recto-genital  pouch  of  the  male,  and  the  folds  which 
lK)und  it  laterally,  namely,  the  recto-uterine  folds,  corresjiond  to  the  sjicro-genital 
folds  (sometimes  called  posterior  false  ligaments  of  the  bladder)  in  the  male  sex. 
The  peritoneum  of  the  anterior  and  posterior  surfaces,  leaving  the  uterus  along 
each  lateral  l)order  to  reach  the  side  wall  of  the  pelvis,  forms  the  broad  ligament 
of  the  uterus. 

The  broad  ligament  (ligamentum  latum  uteri)  is  a  wide  peritoneal  fold  which 
passes  from  the  lateral  l)order  of  the  uterus  to  the  i^elvic  wall,  and  contains  b(»tween 
its  layers  several  important  structures  (Fig.  852).  The  i)lane  of  the  inner  part  of 
the  ligament  is  determined  by  the  position  of  the  uterus.  When  the  uterus  is 
normally  placed,  the  ligament  has  an  anterior  surface  which  looks  downwards  as 
well  as  forwards,  and  a  posterior  one  which  looks  upwards  and  1  wick  wards.  Near 
its  attachment  to  the  pelvis  the  ligament  is  placed  more  vertically.  The  free  edge 
of  the  ligament  contains  the  Fallopian  tube,  and  follows  the  course  pursued 
by  that  structure.  Thus,  in  the  undisturU^d  condition  of  parts,  it  at  first  passes 
horizontally  outwards  towards  the  lower  end  of  the  ovary,  whtTc  it  ascends 
to  arch  over  the  upper  jwle  of  the  ovary  on  its  inner  sida  Owing  U*  the  course 
pursued  by  the  Fallopian  tube  round  the  ovary,  the  broad  ligament  forms  a  kind 
of  curtain  over  the  gland,  and  the  ovary  lies  in  a  little  pocket  formeii  by  the  broad 
ligament,  to  which  the  name  of  bursa  ovarii  is  applied  (Figs.  848  and  849).  This 
bursa  ovarii  is  not  to  be  confused  with  the  fossa  ovarica,  or  depression  on  the  side 
wall  of  the  jKjlvis,  against  which  the  ovary  is  usually  placed. 

The  various  structures  in  connexion  with  the  broad  ligjiment  are  most  easily 
demonstrated  when  the  ligament  is  spread  out  as  flat  as  possible. 

The  ovary  is  connected  with  the  posterior  layer  of  the  broad  ligament  by  a 
very  short  mesentery,  called  the  mesovariiun,  which,  passing  to  the  hilum,  encloses 
the  ovarian  vessels  and  nerves  as  they  reach  the  ovary.  The  "paTt  of  the  broad 
ligament  wliich  slings  the  Fallopian  tube  ig  called  the  iilftio0a3:tiisx.  >Nhen  the 
ligament  is  spretul  out,  the  mesosalpinx   has  the  ^^^   ^^  '^  t^^Tio^  liiangle,  the 
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a]>cx  of  which  is  at  the  latoral  angle  of  the  iitenia,  wliile  the  upi>er  side  is  lV»rm 
by  the  Fallopian  tiil»c,  and  the  lower  one  by  the  ligament  of  the  ovary  ami  i 
ovary  itself.  The  narrow  base  of  the  triangle  is  directed  outwanls.  r»etwe*-ii  i 
layers  of  this  part  of  the  broad  liganit^nt  are  situated  the  parovarium  (epri^pbor* 
and  the  ]>arooi)horon  (Fig.  852^1  The  ]>art  of  the  broad  ligament  below  iW  le 
of  the  niesosali)inx  is  termed  mesometrium,  and  contains,  esiK*cially  in  its  lov 
part,  a  considerable  aimnint  of  fatty  connective  tissue  (parametrium)  and  unstrii 
muscle  fibres.  Tlu^  iir«tt»r  jind  the  uterine  vessids  lie  in  the  lowest  part  of 
l)road  ligament  Nshen*  it  joins  the  pelvic  floor. 

The  higlu'st  i  nrt  o<'  llie  attached  lateral  ])()rtion  of  the  broad  ligament  forms 
suspensory  ligaiiuMit.  of  the  ovary  and  contains  l)etween  its  layers  the  nvar 
vessels  and  nerv<s,  as  thi^y  enter  or  leave  the  pelvis. 

The  ligament  of  the  ovary  (ligamcntum  ovarii  proprium)  is  a  rounded  libr 
cord,  of  about  oin'  to  nnr  and  a  half  inclies  in  length,  which  is  attached  by  its  m: 
en<l  to  the  lowrr  pole  of  the  ovary,  and  by  its  inner  end  to  the  lat4»ral  an^le  of 
uterus  immediMW'ly  below  and  behind  I  lie  entnmce  of  the  Fallopian  tube.  T 
ligament,  whirh  is  largely  composi.'d  of  unstrii)ed  nuiscle  fibres  continuous  w 
those  of  the  uterus,  is  enclosed  in  a  slight  fold  derived  from  the  jmsttTior  layer 
the  broad  ligament. 

Tin*  liffaiiicut  of  tin*  owiivy  ivpivstMits  the  iijjjmt  iKirtion  of  the  guUTiiuouhun  wliirli  .Tj-p 
in  till'  einl)rva 

The  round  ligament  of  the  uterus  (ligamentum  teres  uUa'i)  is  a  narrow  i 
band  attached  to  the  ut<a'us  just  in  front  of  and  a  little  jjelow  the  <ipening  of 
Fallojiian  tuin*.  Near  th(^  ut(TUs  it  contains  numerous  smooth  mus(de  tibre.s,  wli 
are  continuous  with  those  ui'  the  uterus;  further  on  it  is  chii'lly  coniiK>se«l 
fibrous  connective  tissue.  Lying  in  the  anterior  ]»art  of  the  broad  ligamen:. 
reaches  the  ]>elvie.  wall,  aud  is  then  directed  forwards  and  slightly  u]iwanls  loiT 
the  obhterated  hyi)Ogastric  artery  an<l  the  jKdvic  brim.  After  it  has  reached  I 
]>el vie  wall  its  course  is  comparable  to  that  of  the  vas  deferens  in  the  male,  ai 
like  the  latter,  it  leav<\s  tluj  abdomen  to  traverse  the  inguinal  canal  (Figs.  M'*  a 
848).  It  finally  ends  in  the  subcutaneous  tissue  and  skin  of  the  labium  majus. 
terminal  part  is  ec»m]iosetl  <>f  connective  tissue  only. 

In  s(»nH-  cast's  a  small  <liv«Ttirulnrn  of  tin*  iMTitimral  oavity  can  be  traci-«l  a«'runii«in,viiiu'  i 
round  lif^aincnt  tbnMif^'li  tlic  alHloniina!  wall.  This  is  cal'ltfl  the  canal  of  Nnck  (imxcs 
vaginalis  jK'ritona-i;,  and  ronv.-pDnds  tu  tin*  ln■^Mvs^us  vaf^'inalis  <>f  the  male  (j».  1107}. 

Tliu  ruund  li«^'aiiM-nt  of  tin*  ultMUs  iv]iivs(.*ni»  the  lower  ]K>rtion  «)f  the  ^uhrruaculinn  tr: 
which  appears  in  tin*  niah*  «*nil»ryo  (We  i)j».  IHJS  an<l  1184). 

Position  and  Relations  of  the  Uterus. — The  iK)sition  t^ccupied  liy  i 
uterus  in  the  ])elvis  is  not  always  the  same,  but  varies  with  the  eouditions  of  t 
neighbourintjj  organs.  The  lower  cervical  part  is,  however,  much  nmre  lirmly  fix- 
in  place  than  the  body  and  fundus,  whicli  possess  a  c<msiderable  amount  of  mubilii 
Usually  the  level  of  lln*  external  os  uteri  will  l>e  fiuind  to  eorrespund  to  thar  «.«t 
horizontal  plants  passing  through  tlu;  u]>per  margin  of  the  sympliysis  pubis.  T 
uterus  rarely  lit»s  exactly  in  the  mesial  plane  of  th<;  body,  but  usually  bends  lu  o 
or  other  side,  most  fre<iuenlly  towards  the  right.  The  anterior  surf;K-eof  the  uter 
rests  against  the  blachler,  and  follows  the  rising  or  falling  of  its  superior  wall 
thai  organ  i»ecomes  tilled  or  emptied.  When  the  bLulder  is  empty  the  long  axis 
the  uterus  ]K)ints  forwards  aiul  upwards, and  tlie organ  is  said  to  In?  in  an  anteiyrt 
])osition.  Also  tbe  long  axis  of  the  uterus  is  bent  on  itself  where  the  body  jnins  t 
(cervix,  and  so  the  organ  is  said  to  ]»e  antjlcxvd.  Tlie  anteflexion  is  due  to  the  f. 
that  tlie  more  rigi<l  <".ervix  is  fixed,  while  the  movable  upper  i>art  of  the  uterus  sin 
forwards,  following  the  bladder  wall.  With  the  empty  condition  of  the  blad' 
the  angle  formed  between  the  long  axis  of  the  uterus  and  that  of  tlie  vagina 
about  a  right  angle.  When  the  bladder  beetfmes  filled,  the  antevL*i-ai«»n  a 
anteflexion  of  the  uterus  become  less  marked,  owing  to  the  IkkIv  and  fund 
being  pushed  backwards.  Finally,  if  the  reetum  be  emjay  and  the  Idadder  \^ 
mucli  distendefl,  the  uterus  is  pushed  so  much  backwards  that  the  long  axi.s  of  I 
organ  may  nearly  correspond  to  that  of  the  vagina.     The  uterus  is  then  said  to 
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rcmiiins  periiiaiieiilly  somewhat  wider  and  larger  tlian  in  cases  wliere  tlit*  lu^^n 
has  never  l>een  pregnant. 

In  old  age  the  uterine  wall  becomes  harder  and  hits  a  j^aler  colour  than 
possesses  in  tlie  ynimg  suhjVct. 

Variations. — In  rnic  rasfs  the  iitcnn  iimy  1m*  divided  by  a  M'ptinn  into  two  distinct  «:i\i:i 
or  its  liitiTcd  angk-s  iiiny  lu>  prochiciMl  into  strai^dit  or  cnrvini  proi-K's«t-s,  callwl  "Lrirn*'"  or  lorn 
Tlic  latti-r  abiioniialil y  rfralls  tlu-  ajqu-araiKM*  of  the  hicoruiiato  uttM-i  of  .sonu?  animals.  IVith  i 
alK»vt>  i.uuditinns  ari^t*  fnmi  an  anvst  in  the  fusion  of  the  two  sejiarate  IuIk'-s — the  Miili'>r: 
<hic:ts — \vhi<.'h  normally  unM«'  t^  form  the  nlt-nis. 

Periodic  Changes  in  the  Uterine  Wall. — At  each  menstrual  period  a  roinai 
able  series  ol'  rhangOH  occurs  wliicli  results  in  a  iKjriodic  shedding  of  the  sup 
ticial  parts  of  the  uU'rine  mucous  membrane.  For  a  few  days  before  niensrriiati 
begins,  the  mneons  inombr.ine  gradually  thickens  and  becomes  more  vasc-ular,  wh 
at  the  sami'  titiie  its  surlace  liecomes  uneven.  Soon  the  superficial  parts  of  i 
mucous  mHiubrane  disintegrate  and  luemorrhage  takes  place  from  the  small  svip 
ficial  blooil-vcsst'ls.  In  tiiis  way  a  luemorrhagic  discharge  is  eaused,  and  t 
superlicial  parts  of  the  uterine  mucous  membrane  are  shed  at  each  period.  Wh 
menstruation  is  over  the  mucous  mem]>raiie  is  rapidly  regenerated. 

Pregnant  Uterus.  Tiie  ])regnant  uterus  increases  rapidly  in  size  and  weij 
so  that  from  beiiiLj  thiee  incites  in  length  and  one  ounce  in  weiglit,  it  lte<:'onies 
the  eiglith  monili  nboul  seven  or  eight  inches  in  length  and  sometimes  as  mu 
as  two  pounds  in  weight.  In  shape  the  uterus  is  now  oval  or  roiinde<l.  witli  a  th] 
wall  composed  chielly  of  muscle  libres  arranged  in  distinct  layers.  The  nanni 
fundus  is  very  ]>ri.Miiint"nt.  The  round  ligaments  are  stronger  and  better  ninrk< 
and  tiie  layers  (d'  the  broad  ligament  become  separated  in  their  inner  jKirts  by  r 
grtiwth  of  the  uterus  belwi^en  tlu'in.  Tlie  blooil -vessels,  especially  the  arteries,; 
very  larg«'  and  tortuous.  The  changes  which  occur  in  the  mucous  iiienibrane 
the  ]>regnMnt  uterus  are  intimatcdy  connected  with  the  manner  in  which  l 
developing  fietus  receives  its  nutrition, and  have  been  noticed  on  p.  ."»3. 

Vessels  and  Nerves  of  the  Uterus.  Tin*  nttrus  r«ceivi's  iis  arterial  sn]lJll^  fiv.ii. 
uterine  arteries,  wlii<  h  aii;  hranchrs ol"  the.  inti-rnal  iliac  arteries,  and  aK)  from  tin:  ovarian  arien 
hramlh'S  (if  iht' a<»ria.  Thi- vi'ssi'N  dfriviMM'roni  the^e  tw«)  rfttiurci*.^  coniniiini«rat».-  f rev ly  with  ' 
aimihrr.  Karh  uti-rinr  art«-?'y,  t-t-aithing  the  sifle  of  tin-  low^r  ])art  of  the  uteru<,  «.iividi-*  int* 
l.ir>:«'  liiancli  whit;li  j»;i>.m-s  iqiwapls  !•>  Mipply  the  body  an<l  fundus,  and  a  niu<:h  »ni.-ill»-r  I«ii:j 
wliifh  pa->«->  ill iwnuanls  In  .-.njjply  tlu' cervix.  The  vt-sseN  distribute'!  to  the  luxly  and  finn 
have  an  i'\ciMMliiii,rly  tortumis  r(Pin>r.  The  branches  of  th«^  uterine  artery,  having  ent«'n-a  i 
miisenlar  ( r»ai,  bii'ak  up  within  its  dei-per  layi-i-s  into  smaller  twigs  which  sup]»ly  the  niu^;ii 
ti-suf  and  tin-  mucous  coat.  Tlu'  small  ntt-rine  branch  from  the  ovarian  artt^rv  iv-i«'hi-^  \ 
ut«Miw  in    the   re^doii  of  the  l;iieial  an^de.     During  ]HH'gnancy  the  artenes  l^'ccinie  enninii'i: 

Tin-  thin-^^a^ed  veins  form  a  j»lixus  whieh  ]Man>  its  IdiMMl  into  the  tribntarii's  of  ih«-  inten 
iliac  vein. 

The  nerves  nf  the  utrnis  are  di-rivfcl  chiefly  fi-om  a  ]»lexus  jilaced  in  the  iifi«;hboui:li'>oil 
the  ivrvix  ut<ri,  to  whii-h  tin-  term  cervical  ganglion  or  plexus  utero-vaginalis  is  a]>]»li< 
Suprrinrly  this  plexus  i^  roiiiinuous  with  the  hypogastric  plexus,  but  it  also  ix*eeives  fibi>:s  fr. 
the  tiiinl  and  fourth  sacral  n«  r\.-N  In  addition  to  libres  from  the  ph'xus  ntei-o-va^'inali-,  T 
uli'ru.>  rei.'eivfs  libn-h  direitly  from  the  hypogastric  plexus,  and  also  from  the  vesical  plexus. 

(■liniial  nbst-rvatinns  in«(ic.ii«'  that  atren-nl  inipul}*es  iva<'h  the  central  nervous  .-^y.-^tem  fn-iii  t 
nii-rus  tIiron«,di  tie-  p«.t.-lrrinr  ruMl-*  of  the  tenth,  eleventh,  and  twelfth  thoracii-  nerves,  the  ti 
lumbar,  and  tin-  si-ec.nd,  third,  and  Inwrlh  sK'ral  nerves. 

Thf  niimernu-  lymphatic  vessels  <-oming  fmm  the  bixly  of  the  uterus  join  those  fimni  tln-nv-i 
and  rud  f<'r  the  must  part  in  the  luml»ar  lymjdiatic  jrlands.  Along  the  course  of  the  Tk'M 
lijjanienl  "f  the  ul«-rus  tln-ri*.  an-  a  few  lymi»hatic  vessels  whi''h  i-stablish  a  connexion  iH-twet-n  I 
lym]>lialir  ni-t-work  .•Hurt'cMindinj^  tln^  ut<-rus  and  the  inguinal  lymphatic  gland>.  1 
l>  mj»liatii-  imui  tlie  rrrvix  uteri  «'nd  in  tin- ^dand  ])la<'e«l  near  the  Idfun-atiou  of  tlu*  lonini 
iliai-  .irti-iy. 

rnK  v.viaNA. 

The  vagina  is  a  passage  about  thix*,e  inches  in  length,  open  at  its  low 
•  ^lul,  and  communicating  above  with  the  cavity  of  the  ntt^rus.  The  jiassage 
directed  downwards  and  forwards,  describing  a  slight  curve  which  is  convex  bac 
war«ls.      The  axis  of  the  vagiiui  forms  with  that  of  the  uteriiB  an  angle   which 
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has  a  firm  fibrous  «lieutli,  which  is  covered  by  tlie  correbponding  i8chio-cav*'nin>;:i 
or  erector  clitoridis  muscle.  lu  structure  the  crura  and  body  of  the  clii-ri.- 
i-esemble  the  corpora  cavernosa  penis,  while  tlie  glans  more  closely  resomblts  tlir 
bulbus  vcstibuli,  with  which  it  is  continuous  through  a  structure  known  a,^  iL 
pars  intermedia. 

In  till'  Si'iil  and  some  ollior  animals,  a  bone,  which  rejire^ents  the  os  ]>eiiift  of  ihr  luaif. 
ilevel<>i)eil  in  the  se])tum  of  the  clitorij*.     Thirt  bone  receives  the  name  08  clitoridis. 

Arteries  and  Nerves  of  the  Clitoris. — Each  cms  receives  a  branch  (arteria  jmtfuinhi  lit 
ridi.s)  fi-om  the  internal  pudic  artery,  while  the  glaiis  is  sui»i)hed  by  bi-aiiches*  <if  tin?  dorsal arteri 
of  the  clitoris  (arteiiie  dorsalis  clitoridis).  The  nerve  supply  of  the  clitoriis  isd**riv*Hl  jmrtlx  fi' 
the  hypogastric  sympathetic  plexus  and  partly  from  tluj  dorsal  nerves  of  the  c>iti.nis. 

Bulbus  Vestibuli.  —Tiie  bulbus  vestibuli  is  a  mass  of  erectile  tissue,  in  tl 
female,  which  corresponds  developmentally  to  the  corjms  spongiosum  urt?lhn«- 
the  male.  In  the  female  tlio  fusion  of  the  two  halves  of  this  structure -i?  :. 
nearly  so  complete  as  in  the  male,  for  the  vagina  and  urethra  sepirat*.'!  the  bult 
vestibuli  into  two  lateral  p«>rtions  wiiich  are  only  slightly  connected  in  front  hy 
narrow  median  part  called  the  pars  intermedia.  Each  lateral  portion  of  the  bul: 
thick  and  massive  ]H)steriorly,  and  more  pointed  in  front  where  it  joins  thev-i 
intermedia.  It  rests  against  the  side  wall  of  the  vagina,  and  upou  the  8ui»erl:ei 
aspect  of  the  trianguhir  ligament.  Superficially  it  is  covered  by  the  bul-' 
cavern osus  nuiscle.  The  pars  intermedia  lies  above  the  urethra,  and  becomes  i" 
tinuous  with  the  tissue  of  the  ghins  clitoridis.  It  represents  one-half  of  the  Ci<r[' 
spongiosum  urethra*  of  the  male. 

Tlie  l)ulbus  vestilndi  is  for  the  most  part  comix)sed  of  minute  convoluted  iJi.- 
vessels,  lield  together  l)y  a  very  small  amount  of  connective  tissue.  Tliese  vesx 
frequently  anastomose  with  one  another,  and  those  of  each  lateral  half  on 
municate  with  the  vt^ssels  of  the  pars  intermedia  and  the  glans  clitcu'i«lLs. 

The  blood-supply  of  the  bulb  is  derived  on  each  ^side  from  a  brunch  (artoria  I'ii 
vestibuli)  of  the  internal  pudic. 


The  Glands  of  Bartholin. 

The  glands  of  Bartholin  (glanduhe  vestibulares  majores)  are  placed  one  on  ea-; 
side  of  the  lower  part  of  tlie  vagina,  and  represent  Cowper's  glands  in  the  mJ 

They  are  often  overlap].>ed  brtl 
posterior  ends  of  the  bulli 
vestibuli,  and  are  covered  by  :I 
bulbo-caverna^us  muscle.  Eaf 
is  about  the^size  and  shape  of 
small  bean,  and  possesses  a  1'  d 
slender  duct  which  opens  into:: 
urinogenital  cleft  in  the  anj 
iKJtween  the  atUiched  lx)rder  - 
the  labium  minus  and  the  vagisj 
opening. 

DKVELOPMENT  OF  THH 
URINOGKXITAL  OUiiAN.S 

In    tracing    the    developmeoU 
history  of  the  uriufjgenital  s}>ttf 
wo  may  for  convenience  Ixjgin  »it 
an   embryo    of    fifteen    davs  "H 
Fn;.  Sf)?.— I)Ts>ELTioN  of  Fkmai.k  Pekineum   to  show  the   About  this  time  a  duet   which  rir. 
g'ands';  J"l   Cm;ui.^U!)  ^^'''^°''''  ""''^  BAUTHOuN-s   i„    ^    longitudinal    directioa,  4B 

^ b  -     .  oceupiea  a  position  on  the  outer  ffli 

of  the  protovertobnil  somites,  Ix^gins  to  develop  on  each  side  of   the  bodv-     With  tb 
exception  of  tlio  anterior  portion  of  the  cloaca  and  the  proximal  part  of  the  "allautoiis.  tlii 
duct,  which  has  received  tlie  name  of  Wolffian  duct,  is  the  earliest  formed  structniv  fi« 
.  which,  or  in  connexion  with  Avhich,  the  jMirts  of  the  adult  urinogenital  system  arise. 


liurlbolm'fl  gland 
Cetitrfti  pohit  of  perltieum 
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The  Wolffian  duct  serves  as  the  canal,  or  duct,  for  the  priniitivo  secretory  orjifan  or 
mesonephros  of  the  emhryo.  With  the  atrophy  of  the  niesnnephros  the  duct  suffers 
modification,  yet  l)Oth  sexes  in  the  adult  possess  structures  which  have  their  embryonic 
origin  from  the  Wolffian.  In  the  male  the  canal  of  the  epididymis,  the  vas  deferens, 
and  the  conunon  ejaculatory  duct,  are  to  be  liK)ke<l  ui)on  as  directly  developed  fnmi  the 
Wolffian  duct  of  the  embryo  :  while  in  the  female  the  longitudinal  duct  of  the  par- 
ovarium and  the  hydatids  of  Morgagni  are  rudimentary  structures  having  a  like  origin. 
Further,  the  ureter  and  its  pelvis,  totrether  prolwibly  with  the  complicated  system  of 


Kl«i.  ^ii?*.   -Dkveloi'mknt  ok  thk  Hladdkh,  Ukktkk.  and  Kidnk'y.     From  the  ino»l«*U  l»y  I'rofi-sM)r  Kc-iltfl. 

A-   C'ttutlnl  }iorti<>ii  of  an  embryo  of  15  l<»  IS  <liiys  oM.     'n.H'  rloaca  is  icLitivcly  very  lar^'e,  and  U  imt  yet  joined 
)»y  the  WolHiaii  din.'ts  ;  an  iiidinition  is  ]in-si'n1  of  tli«  M'par.'itinii  of  the  iltKica  into  dors;il  or  recta],  and 
ventral  or  urinoji^cnitaK  AulNlivisiwn^. 
—    B.  Tile  cloaca  of  an  older  «?m)»ryo  --25  to  *J7  <lays  oM.      The  sn}iiiivisi<in  of  the  rloai'a  is  more  ilrarly  markeil. 
1  Tlif  Wolllian  duet  is  Rei-n  joining;  tlie  anterior  sulMlivi>ii^n.  and  from  th«*  lo\M-r  i»art  nf  tin*  ilmt  an  oiit- 

fO'nwth  is  jiri"»ent.  whirli  ^ivt-s  origin  to  tlie  nri't«r  and  tht:  kidiifv. 
""    C.  yiill  older  sliijo*  (JW  to  ^7  days  old).     Tin*  nivtvr  lias  arquin-il  a  >«-|i:irate  o|»vninL'  into  tin*  di'VL-lopinfr  Madder 
which  is  iilaml  uiM>n  the  same  levi-I  a««  that  of  ihf  Wolllian  diiot.     Thf  ki«lnry  is  mui-h  mon*  .idv.anced, 
r:*  and  thi^  n'l'tiim  is  iHTominj;  >e)iaraTfd  from  the  uriiiop-nital  canal. 

D.   FemaU-  einhryo  SJ  to  9  week?*  <»ld.     Tin*  oiH.'nin«;N  o\'  the  nriliT  and  ;^'cnital  dui  ts  havi'  hiTome  scjiaratcd  l>y 
"^  a  eonsidcralilc  interval.     The  urino^enital  canal  and  rcifnii  hav**  ai-qiiircl  scparatr  «HM-ninf,'N. 

*  -'  1,  S|iin:U  oonl  ;  2,  Noto<'liord  :  ;i,  Puhic  symphysis  ;  4,  C'loacal  menjhranc,  fomiin^'  the  thmr  of  the  ectodermal 
=^  4'lo»cal  fossa  ;  5,  Allantoic  canal :  ti.  Ri-ctum.  or  rcdal  -nlnlivision  of  rhtaca  ;  7,  rrino^cnital  sulKiivision 
^,-  of  cloaia  :  S,  Hlailder  ;  0,  rrinotronital  canal  ;  10,  Woltlian  duri  ;  11.  I'reter  or  ureter  and  dcvelopinjf 
-'  kitlney)  ;  112.  Miillerian  duct :   I !t,  <:enit:d  eminent  e. 

Udney  tubules  which  o]>en  intD  it,  arise  in  lH)th  sexes  as  an  onti^rowth  from  thr  Woltlian 
duct.  In  the  male  the  vesicula  seminalis  also  arises  as  a  liivcrticulnm  of  the  Woltlian 
duct  (Fijr.  ^<^)0). 

The  primitive  tjecretury  orjjan,  the  mesonephros,  or  Wolllian  iMiily  <ieveiops  in 
connexion  witii  the  anterior  jmrt  of  tiie  Woltlian  duct  (p.  32),  and  is,  durinij:  the  early  life 
of  the  embryo,  a  most  important  structure.  With  the  development  of  the  permanent 
kidney  the  mesonephros  atrophies,  yet  wmie  of  its  tubnles  persist  hi  the  adult.  The 
Tasa  efferentia,  the  ductuli  aberrantes,  and  the  rudimentary  paradidymis  (or^ran  of 
i'vinihh's)  in  the  nuile,  and  the  nidimentiLry  tubuh's  of  the  parovarium  (eiKKiphoron)  and 
"^  of  the  paroophoron  in  the  female,  are  structures  whirh  owe  their  origin  U)  tubules  of  the 
mesonephros. 

Soon  after  tlie  foniiation  of  the  Wolffian  ducts  two  other  lon'^ituilinaUy-disjKwt'd  eanals, 

*  called  the  Miillehan  ducts,  are  developed.  These  n]»en  at  their  cep\mbe  ends  into  the 
■  '  body  cavity,  and  at  their  caudal  ends,  unlike  thi»    Woltlian  ditcts,  l\uy  uuile  with  t»ne 

another  in  the  m'nhlk'  litio.  Kroni  them  are  foruuMl,  u»  the  femaU*  -l\»o  Tallopiau  tubes, 
the   uterus,  a.nl  fiie  vagina,:   and    in    the  niaU.       the  bydatids  *»*    ^^^^'  ^^*''^^**  »"^^^  ^**« 

«  Qtriculns  prostaticus. 

■31^        The  Wolrtirtii  luai  Miillorinn    ducts  oiJen   i^^  ^fy^v^  ^'•^Uv\j^\  ^i\A^  ^^^^  ^^^^  vewlnd  tir 
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urinogenitfil  part  of  the  cloaca,  which  in  the  course  of  development  becomes  transfDriL 
into  the  bladder  and  tlie  urinogenital  canal  of  the  embryo  (Figs.  S^iS  and  ?<60:.  T 
developing  ureter  at  first  arises  as  a  diverticulum  from  the  WolfHan  duct,  at  a  shi 
distance  from  the  point  wliere  tlie  latter  joins  the  cloaca.  S(X>n,  however,  the  uret 
acquire  independent  openings  into  the  cloaca,  wliich  become  gradually  shifte«l  furti 
from  one  another  and  from  those  of  tiie  Wolttian  ducts.  The  ureters  are  now  found 
open  into  the  anterior  portion  of  the  cloaca  which  lies  nearer  to  the  head  of  the  emb 
tlian  the  j)art  with  which  the  Wolffian  ducts  are  connected.  This  cephalic  jxirtion  rea 
ing  the  ureters  becomes,  in  the  male,  the  bladder  and  the  ui>j>er  part  of  the  prrM; 
urethra;  in  the  female,  the  bladder  and  the  entire  urethra  (Fig.  861).  The  caudal  p 
lying  below  the  level  of  the  entrance  of  the  Wolffian  ducts,  is  the  urinojy^eiiital  cjinal. ; 
is  represented  in  the  adult  male  by  the  lower  part  of  the  jirostatic  and  by  the  nienjbraij 
portir)ns  of  the  urethra  ;  in  the  female  by  the  part  of  the  urinogenital  fissure  wl 
immediately  surrounds  the  openings  of  the  urethra  and  vagina  (Fig.  861).  The  un; 
MiUlerian  ducts  open  into  the  lower  part  of  the  cloaca  or  urinogenital  canal,  between 
Wolffian  ducts  of  opposite?  sides.  In  the  male  the  j)osition  of  this  opening,  \\hid 
represented  in  the  adult  by  the  oj)ening  of  the  uterus  masculinus,  remains  almrist 
changed  ;  in  the  female,  on  the  other  liand,  the  urinogenital  canal  becomes  relati' 
shorter  during  development,  an«l  thus  the  opening,  which  in  this  sex  is  represente«'l 
the  orifice  of  the  vagina,  comes  to  the  surface  at  the  bottom  of  the  urinogenital  tis- 
(Fig.  8G1).  The  cavity  of  the  developing  bladder  is  directly  continuous  alx»ve  with  1 
of  the  allantois,  and  by  some  autliorities  the  bladder  is  described  as  arising  as  a  dilati 
of  the  proximal  part  of  the  allantois. 

When  the  ectodermal  cloacal  fossa  is  formed,  after  the  comjdete  separation  of 
cloaca  into  anterior  or  urinogenital,  and  posterior  or  rectal  parts,  it  communicates  at 
with  the  rectum  behind  and  later  on  with  the  urinogenital  canal  in  front  (p.  45). 
fossii  is  bounded  laterally  by  well-mark tnl  skin  folds,  the  labio-Bcrotal  folds,  and  at 
anterior  end  is  situated  the  genital  eminence.  This  eminence  bec(»mes  the  u 
portion  of  the  penis  or  of  the  clitoris,  and  its  posterior  surface  is  grooved  longitudin 
in  such  a  manner  that  the  proximal  end  of  the  groove  lies  near  the  opening  of  the  ur 
genital  canal  into  the  cloacal  fossa. 

In  the  male  the  lips  of  this  groove  on  the  genital  eminence,  meeting  together,  for 
canal  which,  in  the  adult,  traverses  the  penis  as  the  terminal  part  of  the  urethra. 
lateral  margins  nf  the  cloacal  fossii,  behind  the  genitid  eminence,  meet  together,  and  fii: 
in  the  middle  line,  convert  the  fossii  into  a  canal,  which  completes  the  8pc>ngy  jKDrtioi 
the  adult  un^thra.  In  this  way  all  the  cloacal  fossa  lying  in  front  of  the  rectum,  and 
groove  on  the  genital  eminence,  become  closed  over  to  form  the  third  part  of  the  uret 
The  spongy  part  of  the  urethra  is  thus  derived  from  the  ecUxlernutl  c/ofirn/  fostsa  and 
groove  on  the  genital  eminence,  while  the  j)ro8tatic  and  membranous  parts  ove  t 
origin  to  the  endixhrmal  cUmrn. 

In  the  frinnle  the  margins  of  the  ectodermal  cloacal  fossa  remain  se[)arate  tlirouifl 
life,  and  tlie  fossa  persists  as  the  urinogenital  cleft.  The  groove  on  the  geutt^l  cmine 
closes  over,  but  does  not  form  a  canal  as  in  the  male.  Tlie  urinogenital  canal 
first  like  that  of  the  male,  becomes  relatively  shorter  and  shorter  during  deve 
ment,  and,  its  a  result,  the  lower  end  of  the  fused  portions  of  the  Miillerian  ducts,  wl 

opens  into  the  canal,  and  f 
which  the  vagina  is  fom 
a]>pears  in  the  adult  ti>  o 
directly  into  the  fossa  (ur 
genital  spae<>)  behiud 
i'a\it\  channel  leading  from 
bladder.  From  the  la 
channel  is  formed  the  feu 
urethra  (Fi 
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i!nr€ter 


Wolffian  duct  becomes  the  canal  of  the  epididymis  and  the  vas  deferens  of  the  adult  (» 
p.  1204).     In  the  femnle,  when  the  permanent  kidney  is  formed,  the  inesonephroB  and  hi 

duct  undergo  atrophy  to  a  greater  extent  tba 
in  the  male,  and  they  are  only  represented 
in  the  adult  by  the  rudimentary  stnictora 
present  in  the  broad  ligament  of  the  utena 
(see  p.  1205). 

Ureter  and  Permanent  Kidncy- 
The  kidney  and  ureter  arise  as  a  tubakr 
diverticuhmi  from  the  Wolffian  duct  close  to 
the  point  where  the  latter  joins  the  cIcaci. 
This  diverticulum  is  seen  first  during  the  fourtli 
week,  and  grows  from  behind  forwards,  doial 
to  the  body  cavity.  Even  jii  its  very  early 
condition  the  portion  of  the  outgrowth  whidi 
lies  nearest  to  the  Wolffian  duct,  and  from 
which  the  adult  ureter  is  developed,  is  more 
slender  than  the  distal  {>art,  which  becomes 
branched,  and  grows  out  to  form  the  pelro 
and  calyces  of  the  ureter.  The  uriniferous 
tubules  of  the  kidney  appear  to  arise  as  brauch- 
ing  tubular  outgrowths  from  the  calyces.  The 
blind  distal  end  of  each  tubule  soon  dil&tei 
to  form  a  capsule  which,  becoming  invaginatai 
on  itself,  encloses  a  tuft  of  capillary  blood- 
vessels. The  Malpighian  corpuscles  arising  in 
this  manner  are  found  in  the  hiunan  kidnej 
as  early  as  the  eighth  week. 

According  to  many  embiyologists  it  is  onlj 
the  collecting  tubules  that  are  formed  iD  this 
manner,  and  the  other  tubules  of  the  kidnej 
have  a  mesoblastic  origin  similar  to  that  of 
the  tubules  of  the  mesonephros  and  inde 
pendent  of  the  outgrowth  which  gives  origin 
to  the  ureter  and  its  pelvis.  These  authorities 
state  that  the  kidney  tubules  arising  io  tk 
mesoblast,  only  later  acquire  connexions  with 
the  outgrowths  from  the  ureter. 

It  is  possible  that  the  tubules  which  giie 
rise  to  the  permanent  kidney  really  lie  in  series 
with  those  which  form  the  mesonephros,  and 
hence  begin  where  the  latter  cease  to  be  formed, 
namely  at  the  first  sacral  segment. 

As  the  ureter  increases  in  length,  it  b^ 
comes  separated  from  the  Wolffian  duct,  and 
acijuires  a  distinct  opening  into  the  anterior 
part  of  the  cloaca  nearer  the  head  of  the 
embryo  than  that  of  the  Wolffian  duct  This 
black  line,  while  ilic  epibhist  is  shown  by  a  aouble  part  of  the  cloaca  receiving  the  ureters  be- 
line  with  cross  shading.  ^j^^^gg  the  bladder.     The  kidney  is  at  first  i 

A.  Represents  a  stage  passed  through  by  both  sexes,  distinctly  lobulated  body,  and  shows  at  birth, 
and  illustndes  the  conuexij^^ns  ^  ^^  sometimes  even  in    the  adult,   traces  of 

ducts  and  ol  the  rectum  with  the  ectodermal  cloacal   .,         •    .      i       vj-    ...  ,    ~^^***''    "«*-»" 

fossa;  //r/,  indicates  the  position  where  the  Wolffian  its  origmal  subdivision  into  lobule. 
and  Miillerian  ducts  oiHin  into  theurinogeuitalcanal;  Bladder. — The   bladder    is    formed    from 

gc^  genital  eminence  ;  lajs^  urinogenital  can.al. 

li.  Male  condition.  The  greater  portion  of  the  urethral  canal  is  ectodermal  in  origiu,  and  is  derived  from 
the  ectodermal  cloacal  fossii  and  the  groove  on  the  genital  eminence  by  the  meeting  of  their  UtiT»i 
boundaries.  (Tlie  portion  of  the  canal  which  is  usually  the  last  to  be  closed  in  is  indicate<l  at  x.)  Th< 
upper  ]»art  of  the  urethra  is  endodermal  in  origiu.  The  position  where  the  gcultal  ducts  (in  the  m*!* 
represented  by  the  vasa  defercntia  and  uterus  masculinus)  join  the  urinogenital  canal  is  indicated  at  n/ ; 
.V,  symphysis  pubis. 

('.  Female  condition.  Owing  to  the  shortening  of  the  urinogenital  canal  {ug8,  in  A)  and  the  rapid  growth  d 
the  vagina  tlie  urethral  and  genital  openings  come  to  lie  in  the  bottom  of  the  urinogenital  fisaure.  TIm 
dee]>est  part  of  this  lissure,  imme^liately  surrounding  the  openings,  is  formed  by  endoderm  derived  from 
the  urinogenital  canal. 


VW,.  861.  — DlACKAMMATIC  REPRESENTATION  AND 
COMrAUISON  OK  THE  MANNER  IN  WHICH  THE  UrINO- 
OENITAJ.    PassaoE-S    ARISE    IN    THE   TWO   SEXES. 

In  each  case  the  hypoV)last  is  indicated  by  a  thick 
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hymen   is  placed  where  the  fused  Miillerian  ducts  (vagiua)  oixjii  into  the  uriii«j«;-.i:.-.a; 
canal. 

Sexual  Glands.  —In  the  development  of  the  sexual  glands,  male  and  feiaali.  i 
diiVerentiated  thickened  portion  of  the  peritoneal  epithelium  is  first  rectigniis&i.  Tlii« 
specialised  epithelium,  which  has  received  the  name  of  germinal  epithelium,  is  situate*:!- 
tlie  inner  side  of  the  mesonephros  and  of  the  Wolttian  and  MuUeriuii  ducts.  Hcrt  ■;. 
covers  a  longitudinally-disi>osed  ridge  or  elevation  called  the  genital  ridge.  The  jieniiiijii: 
epithelium  is  not  strictly  limited  to  this  ridge,  but  extends  U)  some  ext<»nt  beyond  VL-. 
limits.  The  genitul  ridge  is  soon  found  t^.)  have  numennis  epithelial  cells  emVieddcil  .ii 
its  connective-tissue  stroma  which  appear  to  originate,  in  both  sexes,  by  a  proliferaliv'.. 
from  the  deep  surface  of  the  germinal  epithelium  coverinij:  tlie  ridge.  From  tlu-** 
ei)ithelial  cells  the  seminiferous  tubules  of  tlie  male,  and  Graafian  follicles  with  their  n  l 
tained  ova  of  the  female  are  developed. 

In  tlie  mali',  as  early  as  the  thirty-third  day,  the  epithelial  cells  embedded  iu  ■::•. 
stroma  of  the  developing  testis  iiave  become  arranged  into  a  network  of  anastomwij 
cords  within  which  certain  larger  cells  are  seen  to  be  irregularly  scattereii.  The&e  Lr^-r 
cells  liave  received  the  name  of  primitive  sperm  cells,  and  arc  relatively  few  in  iiumlitr. 
They  undergo  fretpient  division,  and  in  tlie  later  stiiges  are  not  to  be  di^ti!l•;^li'»LM: 
from  the  other  cells  of  the  cords.  The  cellular  cords  undergo  direct  trans  formation  ir.t- 
the  seminiferous  tubules  of  the  testis,  but  the  excretory  apparatus,  iuchidiiig  the  retetotii 
and  tubuli  recti,  is  derived  by  outgrowths  from  the  anterior  tubules  of  the  mesouephn'> 
At  a  very  early  stage  the  superticial  part  of  the  stroma  of  the  developing  testis,  beciifii-> 
denser,  and  gives  origin  to  the  tunica  albuginea. 

It  has  been  stated  that  the  sexual  epithelium  of  the  testis,  unlike  that  of  the  ovin". 
is  not  derived  from  the  germinal  epithelium,  but  that  it  has  its  origin  in  an  outgruHrli"' 
the  mesonephros.  The  coui-se  of  the  development  of  the  sexual  glands  is  without  doi}? 
extremely  ditiicult  to  follow. 

In  tht'  fv/unlv  large  ej)ithelial  cells  are  found  in  the  stroma  of  the  lioveloping  o\arv, 
beneath  the  germinal  epithelium,  as  early  as  the  thirty-third  day.  Tliese  primitive  on 
are  much  more  numerous  than  the  primitive  sperm  cells  of  the  male,  and  fonu  a  vtrj 
characteristic  feature  of  the  developing  ovary.  At  first  they  lie  isolated,  but  later — al-m: 
the  fifth  week — they  become  surrounded  by  other  smaller  cells  having  a  like  origin  fn-Li 
the  germinal  epithelium.  Each  primitive  ovum  surrounded  by  its  cells  beoo!Uv>  :i 
primitive  follicle,  the  further  development  of  which  has  already  been  described  (p.  1^4: 
The  proliferation  of  cells  from  the  germinal  epithelium  goes  on  until  the  seventh  uiontL 
and  during  the  later  stages  the  epithelium  has  the  appearance  of  growing  down  into  tl-^ 
stroma  in  the  form  of  long  branching  cellular  processes  which  break  up  into  little  neii>  vi 
cells  to  form  the  future  follicles  (p.  Sol).  It  is  extremely  doubtful  if  any  new  ovu  ari-t 
after  birth. 

Generative  Ducts. — As  h.is  been  already  stated,  the  male  ducts  arise  from  tKc 
Wolffian,  and  the  female  from  the  Miillerian  ducts  of  the  embryo.  ]k)tli  sexes  at  tir&t 
possess  well-developed  Woltfian  and  Midlerian  ducts,  which  are  arranged  in  a  verj'  ilchnitt 
manner.  The  Wolffian  ducts  couununicating  directly  with  the  tubules  of  the  niesiwephp.«> 
lie  at  first  parallel  t^),  and  at  a  considerable  distance  from  one  another.  As  they  }iti?s 
backwards  towards  the  caudal  end  of  the  embryo  they  approach  one  another,  and  ttiil* 
becomes  enclosed  in  a  fold  of  j)eritoneuni  called  the  plica  iirogenitalis.  More  i-auikl'-v 
the  ducts  become  closely  approximated  to  each  other,  are  embedded  in  a  cord-like  niaas  •  t 
connective  tissue,  to  which  the  term  genital  cord  is  applied.  They  finally  open  iuio  ib^' 
lower  part  of  the  anterior  subdivision  of  the  cloaca. 

The  Midlerian  ducts,  oj)ening  freely  into  the  body  cavity  at  their  cephalic  ends,  lie  t" 
the  outer  side  of  the  Wolffian  ducts.  As  they  are  traccHl  caudally  they  cross  the  Wol^an 
ducts  and  enter  the  genitiil  cord,  within  which  they  unite  and  form  a  canal,  which  oeciipi*.* 
the  mesial  plane,  and  opens  into  the  lower  part  of  the  anterior  sulidivision  of  the  cksici. 
between  the  Wolffian  ducts.  The  manner  in  whicli  the  ureters  become  separatc^l  fn.»iii 
tiie  Wolffian  ducts  has  already  been  described. 

Ducts  in  the  Male. — Tiie  seminiferous  tubules  of  the  testis  become  connecter!  ^*itli 
the  Wolffian  duct  throujrh  a  fusion  with  the  anterior  canals  of  the  me»onephn»>. 
At  the  i)lace  where  this  fusion  occui-s  the  rete  testis  and  the  tubuli  recti  are  fonnoi. 
The  connexion  is  definitely  established  in  the  third  month.  The  numWr  of  tubuk-* 
Uiking  part  varies  considerably,  but  corresponds  to  the  number  of  vasa  efferentia  f^uu'l 
in  the  adult.  The  connecting  tubules  becoming  much  convoluted,  just  as  they  juib 
the  Wolffian  duct,  form  the  coni  vasculosi.  The  canal  of  the  epididymis  is  din-vtiy 
formed  from  the  anterior  j>art  of  the  Wolffian  duct,  and  the  va8  deferens  from  the  moiv 
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which  are  iit  first  simple,   become    branched  and   finally  acquire   a   liinieu.     They 
arnuiLre*]  in  three  groups — an  upper  an<l  a  lower  dorsal,  and  a  ventral  group.     Th#r  e!;^ 
of  the  ventral  group  soon  become  reduced  in  number  and  often  completely  disiiT|»:/ 
those  of  the  up[)(*r  dorsal  group  form  the  chief  part  of  the  gland. 

Cowper*S  glands  arise  in  the  thinl  month,  and  appear  to  be  «ievelopCHi  fr-'Di 
epithelium  of  the  urinogenital  canal.  Since  in  the  Echidna  these  glaiuls  have  }>een>ii 
to  have  an  ectodermal  origin,  and  as  in  man  their  ducts  are  connected  with  a  j^iiri  of 
urethra  which  is  ect<)dermal  in  its  origin,  it  is  possible  that  further  invcstigatiou 
show  that  Cowper's  glands  arise  sui)erficial  to  the  cloaciil  membrane  and  form  the  ect»>j 
in  the  human  embryo. 

The  g'lands  of  Bartholin  arise  as  epithelial  outgrowths  in  the  saime  mantie 
Cow})er*s  glands. 

External  Genital  Organs. — The  external  geniUd  oi-gans  are  dcvolopwl  in 
region  of  the  ectodermal  cloacal  fos.sa,  and  those  of  the  male  and  female  canii" 
distinguished  from  one  another  in  the  earlier  stages.  The  ectodennal  cloacal  ^>s^ 
first  very  narrow,  is  c()m[)letely  filled  by  a  wedge-shaped  mass  of  ectodermal  cells.  .\ 
anterior  end  lies  the  genital  eminence,  a  somewiiat  conical  projection  whicli  roj)resei:T! 
future  penis  or  clitoris.  The  genital  eminence  appears  very  early,  even  K'fore 
endodermal  cloaca  has  become  divided  into  urinoj^enital  and  rectal  su>>divi.sion.     On 


A  \i 

Fi-!.    >»51. — KxriKNAi.  (Ikmtal  Organs  in  Male  Fttrns.     From  figures  of  I 'rofosisor  II erzrg. 

The  prt'inicij  lias  -irrowii  forwanls  so  as  to  cover  glans  roiui»letely.  The  urethra  has  lieeu  continutnl  iur 
\o  thi-  apv.v  of  thi^  ;;laijs.  As  in  the  hoily  of  tlie  penis  the  iwrtion  of  the  urethrji,  wliioli  lraver« 
^lans,  is  at  first  repros«Mite<l  liy  a  cleft  in  the  "urethral  septum." 


side  of  it  is  a  prominent  fi^ld-like  projection — labio-scrotal  fold  — -which  is  c«:>uti 
backwards  to  bound  the  ectodermal  cloacal  fossil  laterally  (see  Fig.  iSG3).  An  opuuii 
the  rectum  on  the  surface  of  the  body  is  established  at  an  earlier  date  tlian  that  ai  v 
the  connnunication  between  the  urinogenital  canal  and  the  ectodermal  fossMi  is  forniol. 
the  later  oj)ening  becomes  established,  tlie  wedge-shaiMxl  mass  of  ect«>dorni,  which  til 
the  anterior  part  of  the  fossa,  and  is  continued  as  a  kind  of  septum  into  the  substiir 
the  genital  eminen<.'e,  becomes  converted  into  a  groove  or  gutter.  At  a  later  tini 
margins  of  this  gr<»ove,  meeting  in  the  middle  line,  give  rise  to  a  canal  which  is  the  i 
sentative  of  the  sjunigy  portion  of  the  urethra.  The  mass  of  ecttxlerm  which  become? 
t'»  form  the  groove,  and  later  <m  forms  the  lining  of  the  sjxnigy  j)i^rti<»n  of  the  un 
has  been  teruuMl  the  urethral  septum.  Tlie  .septum  is  cleft  fi-om  behind  forwards  an 
irrodve  wliicli  results  is  close*!  in  gradually  from  behind  forwanls  to  form  the  urethra. 
p:irt  of  the  septum  which  extends  forwanls  int^)  the  glans  penis  remains  solid,  after  th 
<»f  the  canal  lias  been  formed,  hence  the  urethm  for  some  time  appears  to  end  in  a 
<liamonii-<h.i])ed  fossa  situated  at  the  base  of  the  glans  which  at  the  time  forms  a  \*Tom 
knob-like  projection  on  the  apex  of  the  genital  eminence  (Fig.  863,  K).  At  a  later  tin 
septum  within  the  glans  is  cleft  and  convert-ed  into  a  canal,  and  the  ui*ethi"a  is  thou 
tinned  to  th<^  enrl  of  the  penis.  The  glans  is  at  first  uncovered  and  marked  oflffmi 
rest  of  the  jjcnis  hy  a  circular  constriction  behind  which  the  prepuce  takes  oriciu.  A 
|)repuce  grows  forwards  the  groove  disappears  and  the  glans  becomes  covered.     Whil 
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Bpongy  portiou  of  the  urethra  is  being  formed,  the  labio-scrotal  folds  grow  backwards  and 
meet  together  in  the  middle  line  behind  the  penis  and  in  front  of  the  anus.  From  them  is 
formed  the  scrotum  of  the  adult,  and  the  line  along  which  they  meet  is  the  raphe  scroti. 

In  the  female  the  labio-scrotal  folds  do  not  fuse  together,  but  become  the  labia  majora, 
and  the  interval  between  them  the  urinogenital  cleft  of  the  adult.  A  groove  arises  on 
the  genital  eminence,  but  it  closes  in  again  without  forming  a  canal,  and  hence  when  the 
urinogenital  canal,  which  forms  the  urethra,  opens  into  the  ectodermal  fossa  it  is  not  con- 
tinued into  the  clitoris. 


THE  MAMMAEY  GLANDS. 

The  mammaxy  glands  (maminse)  or  breasts  are  accessory  organs  connected  with 
the  female  reproductive  system.  Each  gland  is  situated  in  the  superficial  fascia 
covering  the  anterior  aspect  of  the  thorax,  and  usually  extends  from  the  level  of  the 
aecond  or  third  to  thiit  of  the  sixth  rib.  The  hemispherical  projection  formed  by 
the  gland  lies  upon  the  superficial  aspect  of  the  pectoralis  major  and  to  a  less  extent 
upon  the  serratus  magnus  muscle.  Near  the  summit  of  each  mammary  elevation, 
and  usually  at  the  level  of  the  fourth  or  lifth  rib,  is  placed  the  wart-like  nipple 
(papilla  mamnue),  which  is  pierced  by  the  minute  openings  of  the  lactiferous  ducts 
and  is  surrounded  by  a  coloured  circular  area  of  skin  called  the  areola.  The  skin 
covering  the  nipple  is  thrown  into  numerous  wrinkles,  and  on  the  areola  exhibits 
many  minute  rounded  projections  due  to  the  presence  of  underlying  cutaneous 
gLmds.  These  have  reccdved  the  name  of  Montgomery's  glands  or  glandulae  areolares, 
and  are  considered  to  represent  rudimentary  portions  of  the  mammary  gland.  The 
colour  of  the  nipple  and  areola  varies  with  the  complexion  of  the  individual,  but 
in  young  subjects  they  are  usually  o\'  a  somewhat  rosy-pink  colour,  which  changes 
to  a  deep  brown  during  the  second  and  third  months  of  first  pregnancy.  Also 
during  pregnancy  the  areola  increases  in  size  and  its  glands  beconie  more  marked. 
The  nipple  contains  a  considerable  numl)er  of  unstrijKjd  muscle  fibres,  and  becomes 
firmer  and  more  prominent  as  a  result  of  mechanical  stimulation. 

The  size  and  appearance  of  the  mammary  glands  vary  much,  not  only  in  the 
different  races  of  mankind,  but  also  in  the  same  individual  under  dilferent  con- 
ditions. In  the  young  child  the  mammje  are  small,  and  theiv  is  little  difference 
between  those  of  the  male  and  female.  Their  "growth  is  slow  until  the  approach 
of  puberty,  and  then  the  female  mamniie  increase  rapidly  in  size.  At  each 
pregnancy  the  mammse  become 
large,  and  they  attain  tludr 
greatest  development  during 
lactation.  The  size  of  the 
mamma  depends  partly  on  the 
amount  of  superficial  fat  and 
partly  on  the  amount  of 
glandular  tissue  present. 

Structure  of  the  Mamma. 
— The  mamma  is  composed  of 
a  mass  of  glandular  tissue 
traversed  and  supporti^d  l»y 
strands  of  fibrous  connective 
tissue,  and  covered  by  a  thick 
layer  of  fat.  The  glandular 
tisHue,  to  which  the  term  coipus 
mammffi  is  applied,  ibnns  a 
somewhat  conical  mass  whose 
aj>cxcorres}>onds  to  theposition 
of  the  nipple  while  its  base  is 
loosely  connected  to  the  fascia  covering  the  pectoralis  major  and  serratus  magnus 
muscles.  In  section  tht^  corpus  mamma*  is  readily  distinf?^^*^^^  ^^^^  ^^®  ^^^" 
rounding  fat  by  its  iinuer  consistency  and  hy  i^s  niukish-whi*^®  colour.  The  corpus 
mamma;  is  comimed  of   lohes  and   lobules^  ami  its  superficial  a^^vecl  and  edges 
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THE    DUCTLESS    GLANDS. 

By  I).  J.  Cunningham. 

II^NDER  this  title  we  include  a  heterogeneous  group  of  organs,  the  common  fwii 
or  which  is  that  the  products  of  their  activity  are  not  conveyed  from  them 
means  of  ducts,  but  are  discharged  directly  into  the  vascular  system  through 
\'eius  or  lymphatic  vessels  which  take  origin  within  them.  This  physioldii 
process  is  termed  internal  secretion,  and  in  the  case  of  certain  of  these  organs 
secretion  has  been  shown  to  exert  a  profound  influence  upon  the  nutritive  char 
of  tho  body. 

Tlie  ductless  ghmds  include  the  lymphatic  glands,  which  have  been  aire 
described  with  the  vascular  system;  the  pineal  and  pituitary  bodies,  which  h 
been  referred  to  in  the  account  which  has  been  given  of  the  brain  ;  and  the  spL 
the  suprarenal  capsules,  the  thyroid  body,  the  jmrathyroids,  the  thymus  Ixxly 
coccygeal  body,  the  carotid  body — all  of  which  still  remain  to  be  studied 

THE  SPLEEN. 

The  spleen  (lien)  is  the  largest  of  the  ductless  glands.  It  varies  greatly  in 
in  different  individuals,  and  also  in  the  same  individual  under  diSerent  condiii 
consequently  it  is  diliicult  to  give  its  average  dimensions.  Roughly  si)eaking,  it  i 
be  said  to  be  as  a  rule  about  live  inches  in  length  and  three  inches  in  width  at 
widest  part.  It  is  a  soft  yielding  organ,  very  vascular,  and  somewhat  purple 
colour.  It  lies  far  back  in  the  abdominal  cavity  l>etween  the  stomach  and 
diaphragm,  and  its  position  is  such  that,  whilst  the  greater  part  of  the  orgaj 
situated  in  the  left  hypochondrium,  its  upper  end  extends  inwards  beyond  the 
Poupart  plane,  and  thus  comes  to  lie  in  the  epigastric  region.  It  is  placed  \ 
obliquely,  and  its  long  axis  corresponds  closely  in  its  direction  to  that  of 
back  part  of  the  tenth  rib. 

Form  and  Relations  of  the  Spleen. — The  spleen  has  the  shape  of  an  irregi 
tetrahedron.  The  upper  end  (extremitas  superior)  points  inwards  and  backwa 
and  is  curved  to  some  extent  forwards  on  itself.  Of  the  four  surfaces  the  d 
extensive  is  the  diaphragmatic  (facies  diaphragmatica),  which  looks  backwt 
and  outwards.  It  rests  upon  the  back  part  of  the  diaphragm,  to  the  curval 
of  which  it  is  accurately  adapted.  ]>y  the  diaphragm  it  is  separated  from  the  nil 
tenth,  and  eL'ventli  ribs.  It  is  necessary  also  to  remember  that  the  pleura  deaoe 
between  this  portion  of  the  chest  wall  and  the  diaphragm,  and  thus  comes  t< 
su].)eriicially  to  the  greater  part  of  this  diaphragmatic  surface  of  the  spleen.  ' 
thin  btxsal  margin  of  the  lung,  which  occupies  the  upper  part  of  the  pleural  rw 
likewise  int(?rvenes  between  the  upper  part  of  the  spleen  and  the  surface  of 
body. 

In  the  fuutus  and  infant,  in  which  the  liver  is  relatively  very  large,  the  left  lobe  of  that « 
cxU'nds  to  the  left  w)  far  that  it  comes  as  a  rule  to  intervene  between  a  portion  of  the  spleen 
the  cliaphra«j^m.  Such  a  relation  is  sometimes  seen  in  the  adult,  but,  except  in  childnood, 
usual  for  the  hver  to  fall  short  of  the  spleen. 
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The  remaining  three  surfaces  of  the  spleen  are  turned  towards  the  cavity  of  the 
abdomen,  and  are  closely  applied  to  the  viscera  which  support  the  organ  in  its 
place.  These  three  surfaces,  which  may  be  grouped  together  under  the  one  term 
of  visceral  aspect  of  the  organ,  are  separated  from  each  other  by  three  ridges  wliich 
radiate  from  a  blunt  and  often  inconspicuous  prominence  which  may  be  termed 
the  intermediate  angle  and  represents  the  apex  of  the  tetrahedron.  One  of  these 
ridges,  a  salient  and  prominent  border  (margo  intermedins),  extends  to  the  upi)er 
end  of  the  spleen,  and  separates  an  extensive  anterior  gastric  area  from  a  narrower 
posterior  renal  area.  A  second  short  border  passes  backwards  to  the  posterior  angle, 
and  intervenes  between  the  renal  and  colic  surfaces ;  whilst  the  third  ridge,  often 
obscurely  marked,  proceeds  forwards  to  the  anterior  angle  and  separates  the  gastric 
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Formalin-injection. 

and  ^the  colic  surfaces  from  each  other.  The  term  colic  surface  is  applied  to  a 
triangular  area  which  is  mapped  out  by  the  two  last-named  ridges  together  with  the 
lower  border  of  the  organ. 

The  gastric  surface  (facies  gastrica)  is  the  most  extensive  of  tlie  three  visceral 
districta  It  is  deeply  concave,  and  is  moulded  on  the  fundus  of  the  stomach. 
Within  its  area,  and  about  an  inch  or  so  in  front  of  the  margo  intermedins,  is  the 
hilom  of  the  organ.  This  is  a  slit,  frequently  broken  up  into  two  or  more  pieces, 
which  gives  passage  to  the  vessels  and  nerves  which  enter  and  leave  the  8i)leen. 
Behind  the  hilum,  and  immediately  in  front  of  the  intermediate  angle,  there  is  a 
depression  of  variable  extent  and  depth  into  which  the  tail  o?  V\ic  pancreas  is 
received. 

The  renal  surface  (faciea  renalis)  is  flat  and  even.  It  is  iii>pV\ei\  to  the  anterior 
surface  of  the  upper  part  of  the  kidney,  close  to  its  outer  b<->^^^^^-  Sometimes  the 
part  of  this  surface  which  adjoins  the  iipi^r  end  of  the  orgal*  ^®  a^igiViei  to  the  \oft 
suprarenal  capeuie,  hut  as  &  mle  it  falls  Rhort  oi  that  RtrucUi^^- 


1212 


THE  DUCTLESS  GLANDS. 


MHutti 


TIk'  colic  surface  ( t'acies  basalis)  is  the  smallest  of  the  three  vi.sc«»ral  areitv 
is  triangular  in  form,  and  looks  downwards  and  inwards,  and  is  in  c^»ntaci  wiih 
si>loni<*  Hex  arc  of  the  colon  and  tlie  eoslo-colic  ligament  (indc  p.  108*^}. 

The  anterior  border  (niargo  anterior)  of  the  sjileen  is  sliarp  and  i»r<.»mineiit. 
intervenes  between  the  irastrie  and  diaphrairmatic  surfaces.     Its  leatling  eh.irat 

istic    isf    thai  i 
^^^zJiSP^pRr..  irregularly  mn 

The  posterior  bo 
(uia-rLTO  ]"Hiv 
separau-s  ilto  r 

,.        fnun    tlie   ^ii;lj^}^ 

niatie  surlaee. 
is  iin]Mjrrant 
kiK-iw  thai,  it  iu 
livinir  suhji.Mt 
fingov  is  lir 
alone  tlie  li«t 
lercostiU  .sji-ur 
will  indieatv-  ^ 
tolorahlc  an  u! 
on  liie  surfjK-. 
the  body  tlh-  : 
tion  and  ilirp* 
of  the  postrl 
border.  Tliv 
ferior  border  m; 
inferior)  •»]' 
spleen  iniervi 
l>etw<*en  ihe 
pliraginatie  sur 
and    the-  colic 

face.     The  other  margins  oi'  the  spleen  art>  those  whieli  separate  I  lie  viscera]  a 

from  each  otiier,  and  they  liave  hccn  already  noticed. 

A  marked  featun*  of  the  typically- formed  spleen  is  the  great  proniineuci"  ft 

anterior  angle.     It  I'orms  the  most  anteriorly-i>laced  part  of  the  organ. 

Tlio  form  ui"  tin'  sj)1(m'1i  vaii»'s  iiiiicb  in  Hcconlanro  with  the  diaiiging  niiuliti-nis  i.t 
iifigliboiiiiii^'  lioll'.w  vi.srera.  Sbeplioitl  hx<  shown  that  there  aiv  two  txtrviut*  fcn-m^'vi? 
tetrahedral,  whi.-h  i.s  .h-sciilMMl  above,  Jind  tin?  orange-segment  type.  In  tlit-  ca-^*  nf  iln-  f-- 
iln'  n)lon  is  (li>tcn<K*(l,  and  tlie  stoniai  h  as  a  rule  more  or  le?s  empty  :  tlic  colon  di-pia-.*- 
stoiiiaoli  fioni  <"ontat't  with  tin-,  lowrr  part  of  the  viseeral  surface  of  tlu^  .^pli*en,  ;ni«i  1- 
]»ressnnt  ])r«wlnc<'s  the  i:oliv  impression. 

When  till'  spleen  piTMMits  a  form  similar  to  that  of  the  .si'j,'ment  of  an  oraii^^'  its  li.u.i 
l»»'(.'«)mes  pfii?it<-d,  an<l  tin*  entire  visct.^ral  surface  is  o<'cupie(l  liy  tln^  renal,  gastri*-,  an«l  pau'T 
inipr«'S>i(jns  <.r  ar«'as.  Tin*  i't)lon  is  as  a  rule  emj)ty  antl  exerts  no  pressuiv  on  tin?  spU-r-n.  v 
ihf  stom.'nh  is  in  .-ill  j»r(il».'il»ility  dist<'n<lrd.  As  Shepherd  has  shown,  every  iiiternn<li;it'.- 
nf  sph-ru  ln'twoi'ii  tilt-  two  cxlnnie  ty]»es  are  met  with,  and  may  occur  witli  varyin;^'  "'in"!? 
of  the  hollow  viscL-ra,  at  difhTi'nt  tim«'S,  in  the  same  individual. 

Notches  and  Fissures. — The  usunl  numht-r  of  notrhes  on  the  anterior  Iwuiler  of  ihr  -pi*- 
two,  alth(^ii;^'h  in  exct'])tiun.'d  cast's  tln-ri*  may  hi'  as  many  jus  six  or  t'Ven  Si-ven.  It  i- ii  ■: 
•  onnn'Hi  t«»  tiu'l  on«'  or  mon*  fissures  on  tin*  j«).st<'rior  l)oifler  and  also  on  tho  ]iari«'t;il  >ii 
nf  tin-  ort^.in  vTai'suns;. 

Peritoneal  Relations  of  the  Spleen. — The  spleen  is  almost  euui pie telv  envel- 
hy  ])eritoneiim,  and  two  folds  of  peritoneum,  viz.  the  gastro-s[denic  onieniuiu 
tin-  lieno-renal  li^jniient,  pass  from  it.  Both  of  these  folds  are  att^iehed  in 
neiudihoiirhood  of  the  hilum.  The  lieno-renal  ligament  proc^eeds  backwards  ro 
anterior  surface;  of  the  left  kidney  (j).  1090):  the  gastro-splenic  omentum  conn 
the  s])leen  with  the  fundus  of  the  stomach  (p.  1104). 

Accessory  Spleens. — Small  «j:l(»l>nlar  niassv.-  of  sjih'ni<'  ti^sm-  are  nut  infr«Mpioiitly  fmir 
tin*  nei«,'hliourhiH.«l  ..f  thi-  -pliM-n.     Tlu'>«'  an*  lfrme(l  accessory  spleens. 

Blood-vessels,  Lymphatics,  and  Nerves  of  the  Spleen-  The  large  splenic  artery  gnin- 
spk'cn  hy  pa-^-in;;  ln'twt'i-n  the  two  layt-rs  of  the  lieno-renal  ligament.     It  lire.ilcR  up  int'i -vi 
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■-'  Inanches  which  enter  the  organ  through  the  hilum.  Some  twigs  proceed  from  the  aplenic  artery 
:  to  the  stomach,  wliich  they  gain  by  insinuating  themselves  between  the  two  layers  of  the  gastix)- 
.  splenic  omentum.  The  splenic  vein  is  formed  in  the  lieno-i-enal  ligament  by  the  union  of  the 
^  branches  which  emerge  from  the  hilum  of  the  orgaiL  It  joins  the  superior  mesenteric  vein  to 
-  form  the  vena  ])ortai. 
^C.  The  splenic  plexus  of  nerves  is  an  offset  fi-om  the  coeliac  j)art  of  the  solar  plexus,  and  iiccom- 
r .  .panies  the  arteries  into  the  spleen. 

The  lymphatic  vessels  leave  the  spleen  at  the  hilum,  and  accomjKany  the  gn»at  ve^ssels.  There 
are  no  lymphatic  channels  within  the  spleen,  although  they  are  pi-esent  in  its  capsule  (Mall;. 

r!  Structure  of  the  Spleen. — In  our  study  of  the  structure  of  the  spleen  we  have  to 

^    consider — (1)    the  tunica  propria,  (2)  the  trabecular   framework,   (3)  the  spleen  pulp, 
]^    and  (4)  the  distribution  of  the  blood-vessels  and  the  Malpighian  corpuscles. 
'^  Tunica  propria  (tunica  albuginea). — Subjacent  to  the  serous  coating  furnished  by  the 

"^    peritoneum  the  spleen  is  provided  with  a  strong  capsule  termed  the  tunica  propria.     This 
■   ia  formed  of  fibrous  tissue,  with  a  large  proix)rtion  of  elastic  fibres  and  a  certain  amount  of 
'■    involuntary  muscular  tissue.     It  is  therefore  highly  distensible,  and  perhaps  feebly  con- 
tractile.    To  the  outer  surface  of  this  capsule  the  peritoneum  is  inseparably  attached. 

Trabecular  Framework  (trabeculaj  lienis). — From  the  deep  surface  of  the  tunica 
propria  numerous  processes  or  trabecuhe  are  given  off,  and  these  penetrate  into  the  sub- 
stance of  the  spleen.  Some  arc  cord-like,  others  are  in  the  form  of  flattened  bands,  and  all 
are  composed  of  fibrous  tissue  and  involuntary  muscular  fibres.  Within  the  spleen  the 
trabecule  branch  and  re-branch,  and  join  with  each  other  to  form  a  sui)porting  framework 
for  the  organ.  The  blood-vessels,  as  they  enter  at  the  hilum,  carry  in  with  them  connec- 
tive tissue  shciiths,  and  these  also  take  part  in  the  formation  of  the  tnibecular  framework 
Spleen  Pulp  (i)ulpa  lienis). — The  interstices  between  the  strands  of  the  tnibecular 
framework  are  filled  with  spleen  pulp.  This  is  supported  by  a  delicate  reticulum  formed 
by  branching  cells.  The  spaces  of  the  network  freely  communicate,  and  are  occupied  by 
blood  in  which  there  are  large  numbers  of  leucocytes,  and  also  large  cells  special  to  the 
spleen.  These  are  termed  splenic  cells,  and  contiiiu  pigment,  and  not  infrequently  red 
blood  cori)uscles,  in  their  interior. 

Blood-vessels  and  Malpighian  Corpuscles. — The  splenic  arteries,  as  they  traverse  the 
spleen,  run  in  the  trabeculie.  The  small  branches  ultimately  leave  these  and  enter  the 
spleen  pulp.  As  they  do  so  they  become  enshcathed  in  a  coating  of  adenoid  tissue.  At 
certain  points  in  the  course  of  the  arteries  this  sheath  suddenly  increases  in  thickness,  and 
forms  small  round  or  oval  masses  of  adenoid  tissue  upon  the  vessel.  In  sections  through 
the  spleen  these  small  nodular  masses  arc  visible  to  the  naked  eye  as  minuto  white  s]X)ts. 
They  are  ciilled  Malpigliian  corpuscles  (noduli  lymphatici  lienales).  The  artery  rarely 
passes  through  the  centre  of  such  a  corpuscle.  As  a  rule  the  adenoid  tissue  is  mussed 
chiefly  upon  one  side  of  the  vessel,  and  a  plentiful  supply  of  blood  is  given  to  the  nodule 
by  means  of  a  capillary  network  in  connexion  with  the  artery  on  which  the  Malpighian 
corpuscle  is  developed. 

The  manner  in  which  the  minute  terminal  arteries  end  in  the  spleen  pulp  is  peculiar. 
The  wall  becomes  reduced  to  the  endothelial  lining,  and  the  cells  forming  this  gradually 
separate  from  each  other  and  become  continuous  with  those  of  the  reticulum  of  the  spleen 
pulp.  The  blood  therefore  flows  directly  into  the  meshes  of  the  reticulum  of  the  pulp. 
The  minute  radicles  of  the  veins  begin  in  the  same  way  as  the  arteries  end.  The  walls 
are  gradually  built  up  by  the  union  of  cells  continuous  with  the  open  reticulum,  and  the 
blood  flowing  into  the  vessels  so  formed  is  led  away  towanls  the  larger  veins  which  occupy 
the  trabecuhe. 

Development  of  the  Spleen. — It  is  not  until  the  second  month  of  intrauterine 
development  that  the  spleen  begins  to  develop.  It  is  formed  from  mesoderm,  and  aj)pears 
ill  the  dorsal  mesogastrium  in  the  neighlx)urhood  of  the  j^ancreas.  After  a  short  time  it 
becomes  invaded  by  blood-vessels,  but  the  Malj)ighian  cori)uscles  are  somewhat  late  in 
making  their  appearance.  The  spleen  grows  to  the  left  in  the  direction  of  least  resistiuice, 
protruding  the  left  layer  of  the  mesogastrium  before  it,  and  its  form  is  determine<l  by 
the  pressure  to  wliich  it  is  subjected  by  the  neiglibouring  viscera  and  the  aUlominal  wall. 

THE  SUPEAKENAL  CAPSULES. 

The  suprarenal  capsules  (glandultc  supraremilcs)  are  two  small  flattened  organs 
which  lie  in  the  epijrastria  region,  one  on  either  side  of  the  »Yni\e,  and  in  intimate 
relation  to  the  upper  end  af  the  corre8i)onding  kidney. 

The  right  snprarezial  capsule  is,  as  a  rule,  triangular  in  l^oim,  and  rests  hy  its 
baae  upon  the  anterior  and   iuuer  aspect  of  the  upper  end  o£  ^^^  ^^8^^^  kidney.     It 
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is  placed  between  the  posterior  surface  of  the  right  lobe  of  the  liver  and  that  poi 
of  the  diaphragm  which  covers  the  side  of  the  spine. 

The  anterior  surface,  w^hich  looks  outwards  as  well  as  forwards,  presents 
impressions — (1)  The  one  is  a  narrow  flattened  strip  adjoining  the  anterior  U 
of  the  capsule  which  is  overlapped  by  the  inferior  vena  cava;  (2)  the  ae 
impression  comprises  the  remainder  of  the  anterior  surface,  and  is  in  contact 


CajMiular  vein 


Hurface  in  contact 
with  liver 


Surface  covered 
by  inferior  cava 


Surface  covered  by 
peritoneum 


Flo.  869. 

A.  Anterior  surface  of  right  suprarenal  capsule.      B.  Anterior  surface  of  left  suprarenal  capemle. 
The  upper  and  inner  parts  of  each  kidney  are  indicated  in  outline.     On  the  right  capsule  the  dotted 
indicates  the  upper  limit  of  the  peritoneal  covering. 

the  liver.  Only  a  small  and  variable  part  of  the  lower  portion  of  the  am 
surface  of  the  right  suprarenal  capsule  is  covered  by  peritoneum.  On  the  i 
part  of  the  impression  for  the  vena  cava,  not  far  from  the  apex  of  the  cap® 
short  fissure  termed  the  hilum  may  be  observed.  From  this  issues  a  short 
vein  whicli  immediately  enters  the  vena  cava  inferior.  The  posterior  surfo 
the  right  suprarenal  capsule  is  divided  by  a  salient  curved  ridge  into  an  uppc 

Surface  in  relation  t< 
^^^  _ ,         htfi-  cms  of  diaphxBg] 

Surface  in  relation  -^^^^   ^^  _^     *    _#  v-r*^ 

tu  diaphrageii 


Surfiic^  la  mlatLoti 
tokidn&jf 

tSiirfaeo  in  reJAtion 

Fia.  870. 
A.  Posterior  surface  of  right  suprarenal  capsule.      B.  Posterior  surface  of  left  suprarenal  capsule 

part,  which  is  applied  to  the  diaphragm,  and  a  concave .  lower  part,  whi' 
occupied  by  fat  and  rests  upon  the  kidney. 

The  left  suprarenal  capsule  presents  a  semilunar  form,  and  as  a  rule  is  slij 
larger  than  the  right  capsule.     Its  position  on  the  kidney  is  also  somewhat  diffi 
It   is  usually  placed  on  its  inner  border  immediately  above   the  hilum. 
anterior  sxirface  presents,  not  far  from  its  lower  end,  a  very  obvious  slit  or  ] 
with  a  large  emerging  vein.     The  greater  part  of  this  surface  is  in  relation  t 
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Development  of  the  Suprarenal  Capsule.— It  would  appear  that  the  con 

and  medullary  parts  of  the  su{)rarenal  Ixxiy  have  a  totally  different  origiu.  The  med 
is  derived  as  a  mass  of  cells  which  grows  out  from  the  ganglia  of  the  sympathetic  c 
and  becomes  in  the  process  of  development  encapsulated  within  the  cortex,  it  is  impta- 
to  note  in  this  connexion  that  a  certiiin  number  of  chromaffin  cells  arc  found  within 
sympathetic  ganglia.  Although  nervous  in  its  origin,  the  medulla  of  the  suprarenal  U-o 
glandular  and  gives  to  the  blood  an  internal  secretion  which  exercises  a  most  y 
physiological  action. 

The  cortical  part  of  the  suprarenal  body  is  formed  from  a  mass  of  mesodermio 
which  on  the  right  side  become  grouped  together  in  the  immediate  vicinity  of  the  iiif 
vena  cava  soon  after  that  vessel  is  formed.  The  cells  thus  accumulated  together  aro 
to  be  derived  directly  or  indirectly  from  the  epithelial  cells  which  line  the  Lxxiy  cuvii 
the  region  of  the  Wolflian  ridge. 

As  we  ascend  the  sciile  of  vertebrates,  the  su[)nirenal  bodies  sliow  an  interesting  s 
of  evolutionary  stages.  **  In  fishes  the  two  constituents  (i.e.  medulla  and  cortex)  are  c 
separate ;  in  amj>hibians  they  come  into  contact ;  in  reptiles  they  are  beginning  t^ 
intermixed ;  in  birds  the  cortex  and  medulla  interlace ;  whilst  in  mammals  the  mec 
is  surrounded  by  the  cortex  "  (Swale  Vincent). 


CricD-thyrolii 


3up«rif)r  thyroid 

win 


Crl^ld  cartilage 
J  fc  tvm  ftl  j  UKular  vei  n 


THE  THYROID  BODY. 

The  thyroid  body  (glandula  thyreoidea)  is  a  highly  vascuhir,  pliant  struct 
which  clasps  the  upper  part  of  the  trachea  and  extends  upwards  for  some  dista 

upon  each  side  of  the  Lin 
^thjroui  cartilage  In  size  it  Viirics  greatlv 
different  individuals,  and 
the  female  and  child  it 
always  relatively  larger  t 
in  the  adult  male.  It  cons 
of  three  well  -  marked  s 
divisions  —  viz.  two  lat 
lobes,  joined  across  the  mii 
line  by  the  isthmus. 

Each  lateral  lobe  is  cod 
in  form.  Its  base  e\U 
downwards  upon  the  .sid( 
the  trachea  as  fiir  as  the  I 
or  sixth  tracheal  ring,  wl 
its  apex  rests  upon  the  ail 
the  th}Toid  cartilage. 
superjicial  s^urface  is  somew 
flattened,  and  is  clotheil  by 
pretracheal  layer  of  cen- 
fascia,  from  which  the  or 
derivas  a  sheath,  and  also 
the  8terno  -  thyroid,  ster 
hyoid,  and  omo-hyoid  muse 
It  is  also  overlapped  by 
sterno  -  mastoid  mustde. 
deep  surface  is  adapted  tci 
parts  upon  which  it  lies— 
to  the  side  of  the  trachea,  to  the  cricoid  cartilage,  and  to  the  inferior  cornu  i 
adjoining  part  of  the  surface  of  the  ala  of  the  th}Toid  cartilage  ;  whilst  its  posttt 
border  extends  backwards  so  as  to  touch  the  cesophagus  and  pharynx  and  over 
the  common  carotid  artery  (Fig.  694,  p.  974). 

The  isthmus  of  the  thyroid  body  is  a  narrow  band  of  varying  width  which  ] 
in  front  of  the  second,  third,  and  fourth  rings  of  the  trachea,  and  unites  the  U 
or  lower  ends  of  the  two  lateral  lobes. 

A  third  lobe  is  frequently  found  in  connexion  with  the  thyroid  body.  Thi 
the  pyramidal  or  middle  lobe  (Fig.  873).     When  present  it  assumes  the  form  of 


Innoniiiiatc  artery 

Fig.  872. — Dissection  of  the  Thyroid  Body  and  of  thk  Parts 
in  immkdiatk  uki.ation  to  it. 
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it  joins  with  the  isthmus  or  median  rudiment  to  form  the  greater  part  of  the  late 
of  the  thyroid  body. 

The  thyroid  body  in  its  primitive  condition,  and  in  each  of  its  three  pal■t^f,  is  e] 
Soon  it  is  invaded  by  connective  tissue  and  blood-vessels,  but  the  hypoblastic  ep 
is  retained  as  the  cellular  lining  of  it«  constituent  vesicles. 
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Parathyroids. 

The  parathyroid  glands  are  two  minute  structures  which  lie  in  more  or  I 
relation  to  ejich  lateral  lobe  of  the  thyroid  body.  They  are  apt  to  be  misui 
ixocessory  thyroids,  but  in  structure  they  are  difterent.  One,  more  com 
position  than  the  other,  is  situated  on  the  jjosterior  asi)ect  of  the  crsoj>h 
tlui  level  of  the  lower  border  of  the  cricoid  cartilage,  and  in  more  or  les.s  i 
ndatiou  to  tlie  posteri(;r  border  of  the  lateral  lobe  of  the  thyroid  bo«l 
second  parathyroid  body  is  placed  either  in  close  apposition  witli  the  lowe 
of  the  lateral  lobe  of  the  thyroid,  or  on  the  trachea  at  a  varying  distance  1 
The  inferior  thyroid  artery  intervenes  l)etween  the  two  parathyroid  IxHiit'S  ( 

The      parat 
v^.        ""  bodies  are  com} 

reticulating  rows 
with  blood - 
i^t^mi  lobe  of  thyroid  arraniTcd  betwee 
In  structure  the; 
close  i'esemblanc< 
of  the  anterior  lol 
pituitary  bod] 
upper  paratliyro 
isderivedasahy] 
bud,  which  gro 
from  the  bottom 
pharyngeal  side 
third  visceral  eh 
lower  body  has  a 
origin  from  the 
visceral  cleft. 

It  has  been 
that  the  removal 
four  parathyroii! 
the  cat  is  folio 
very  severe  syi 
and  in  two  casei 
three  death  en.*3 
the  course  of  a  fi 
(Welsh). 

THYMUS  GL 

The  thymus 

can  only  he  stu( 
advantage  in  th 
period  of  foetal  li 
early  childhot 
attains  its  nu 
development  towards  the  end  of  the  second  year,  and  from  this  time  on  it  d 
away  until  only  a  comparatively  small  portion  of  it  is  left.  In  the  n< 
child  it  is  of  a  pinkish  colour,  and  is  composed  of  two  lateml  lolxis,  very 
of  equal  sizi^,  ancl  se])arated  by  an  intervening  fissure.  The  main  portiot 
cjland  is  placed  within  the  thorax,  but  the  two  lol)e8  end  above  in  tw« 
prolongatii)ns  which  are  c^irried  upwards  for  a  varying  distance  into  the  ue 


Fm.  873. 


-Thymus  Gland  in  a  Fitll-time  F(etu8  hardened  by 

FOHMAIJN-INJECTION. 
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Alter  I  he  second  your  Xlu)  thymus  gland  remains  stationaiy,  or  it  Ix^i^'iii-^  >1 
tn  diniini.sh  in  size,  l)Ut  when  ]>ul>erty  is  reavhed  a  ia]»id  (legeiit'ratit>n  s*-tr<  :i. 
lohules  lu'ennio  intiltrated  with  IVit  and  loose  strands  of  connectivo  tiss?iie.  AV..'. 
hiis  shown,  however,  that  throughout  tlio  whole  of  life  it  not  only  i-^^taiiis  smih.- 
of  its  old  form,  hut  also  tliat  tln^  degeneration  is  n(!Ver  complete.  l*ro.stTVr-i|  a 
its  sul)stanei^  ('either  unilormly  dilfustMl  through  it  or  in  distiiic't  niass^'s  iVo-i- 
ill  ways  be  found  remains  of  the  original  thymus-tissue.  Indeed,  more  of  t  ii'- 
is  retaineil  in  the  adult  than  is  generally  supposed.  It  is  easy  to  deiiior:; 
in  su])je('t  s  hardened  by  formalin-injection  that  as  a  rule  both  lolie.s  are  pres- 
the  front  ])art  of  the  superior  mediastinum  in  the  form  of  two  elongated  ti 
lik(^  bodies. 

Blood-vessels  and  Nerves. — The  arteries  \vlii«li  carry  blood  to  the  thymus  i^omi.-  f:i 
iiifrriur  lliyidifl,  tli«  iiili-nial  iiiaminary,  and  perhaps  aldo  from  other  fiourct^  Tbi*  vei] 
tlu'  ii(%HilK)uriTi«,'  vciioiir*  tnuiks  -  viz.  the  infi*rior  tliyroid,  tluMiiternal  ni.'iinmary,  aud  t: 
iniioniiiiati'  vidiis. 

Tli»'.  nerves  lo  tin-  thyiinis  an^  dcnvi*d  from  tlio  vagus  and  symiwitliL-lic  trunks. 

The  lymphatic  vessels  an-  of  large  t^izc,  and  accompany  the  bl(xxl-vi«seL*. 

Structure  of  the  Thymus.- -The  thymus  is  composed  of  a  larj^e  iiiimbero: 
])<)lyliodral  lobules.  The  sh(\-itli  whicdi  envelops  the  orjran  sends  off  from  its  doej-  - 
tine  ])artitions  or  septa  which  pass  into  the  gland  and  separate  the  different  lobui..: 
each  «)tlier. 

Kacli  Inbide  is  composed  of  clusters  of  lymjdioid  follicles,  with  a  small  ani'M 
delicate  connective  tissue  intervening  between  them.  A  f(dlicle  consists  of  an 
cortical  and  an  inner  or  central  medullary  portion.  Both  are  formed  n{  adin«»id 
hut  ill  tin-  (-(irtex  the  lymphoid  cells  are  packed  much  more  closely,  whilsst  in  the  i:. 
the  retiforiii  matrix  is  coarser  and  the  Iym]dioid  cells  less  numerous.  Fnrthor,  the  m 
contains  the  ruurnttric  cftrpufirhs  of  I/nssfifL  These  are  curious  bodies,  con.pi; 
llattcned  cells  arranged  concentrically  around  a  gmnular  nucleatiHl  eoii>u8cle. 

The  l»]o()d- vessels  form  a  tine  plexus  around  the  various  follicles,  and  fr^ii 
capillaries  jienetrate  into  the  ctuitnd  medulla. 

Development  of  the  Thymus  Body. — The  thynms  «rlan(l  is  derivctl  froi 
hypohlastic  liniu;:  of  the  pharynx.  It  takes  onjrin  as  a  tubular  diverticulum  fru 
dursal  part  of  the  pharyuiieal  aspect  of  the  third  visceral  cleft  on  each  side  set-  ] 
This  diverticulum  has  thick  epithelial  walls,  and  it  grows  hy  rapid  proliferation  I'f  it: 
it. extends  (h)wnwards  on  the  side  of  the  trachea  towards  the  pericardium,  and  r 
into  contact  with  the  c<)rr(\sponding  hypohlastic  outirrowth  of  the  oppo.site  side,  tl 

lobes  of  the  orjan  are  fornicd-  tme  fron 
lateml  divertieuhnn.  The  narrow  upi>«.i 
of  the  outcrrowth  renmins  for  a  time  in 
and  eoimeeted  with  the  pharynLjeal  cleit 
which  it  originates.  Ultimately  thi**  com 
is  hroken  through,  and  the  expaiidtxl  lowt 
sends  out  solid  hud-like  hranches  aftt-; 
manner  of  an  acinous  gland.  Tlie  vnuiu 
tissue  sheath  and  framework  c»f  the  tli 
are  derived  from  the  surround in.ir  me-ohh 
Originally  e])ithelial  in  its  conipr.>iri«.'! 
thymus  becomes  Iym})hoid  by  th<'  i-ai'ifl 
liferation  of  its  cells.  The  pniduets  pi 
<iivisi«»n  become  the  lyni])linid  eells  oi 
follicles  of  the  gland.  The  eoriiu>ch 
Massall  were  formerly  believed  to  be  epit 
r.-mnaiits  but  this  is  now  known  not  to  be  the  case,  as  the  transformatii.ni  of  the  or; 
rlcmrnts  of  the  oman  into  lymjihoid  cells  is  compU'te.  The  corptiseles  of  Has&il 
di-rivoi  t'nuii  the  n.peated  divi>ions  of  one  cell,  the  pnxlnets  of  which  remain  attach 
<.'a<']i  otlwr. 
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THE  CAKOTII)  AND  COCCYGEAL  BODIES. 


The  carotid  body  is  ji  minute  oval  red<lish-bro\vn  structure  placed  on  the 
jispcet  of  ih»'  (M.)inmon  i'ar«»tid  artery  at  the  ]»oiut  where  it  biturcut-es  into  \U 
terminal  branches.  It  is  (dosely  eonneeted  with  the  sympathetic,  uerve  tibni 
which    twine   anuunl    the   carotid   vessels,  nnd   numerous  miuute   arterial  t 


SURFACE  AND   SURGICAL  ANATOMY. 

By  Harold  J.  Stiles. 

THE  HEAD  AND  NECK. 

THE  CRANIUM. 

Scalp. — The  tirst  and  third  layers  of  the  scalp,  namely,  the  skin  and  the  occipii 
frontalis  muscle,  are  firmly  united  by  fibrous  processes  which  pass  Iroin  the  nne 
the  other  through  tlie  second  or  subcutaneous  fktty  layer.  Intervening  beiwe 
these  three  layers  anil  the  pericranium  is  a  loose  cellular  layer  which  sui»iK)rts  t 
small  vessels  passing  between  the  scalp  proper  and  pericranium.  The  thiu  pe 
cranium,  althon;^h  regarded  anatomically  as  periosteum,  possesses  vtTV  hmit 
Ijone-forniing  properties ;  over  the  vertex  it  is  readily  separated  from  the  skiill-ti 
except  along  the  lines  of  the  sutures,  where  it  gives  otf  intersutural  proce:^se6 
join  the  emlosteal  layer  of  the  dura. 

The  free  blood-supply  of  the  scalp  is  for  the  purpose  of  nourishing  its  abunJa 
hair  foUich^s  and  glands.  The  main  vessels  lie  in  the  dense  subcutaneous  tis?i 
and  are  superficial,  therefore,  to  the  occii)ito- frontalis  (Fig.  878).  The  luteri 
supplying  the  frontal  region  are  derived  from  the  internal  carotid,  while  those  i 
the  remainder  of  the  sealp  spring  from  the  external  carotid.  These  two  sets 
vessels  anastomose  freely  with  one  another,  and  freely  also  across  the  mesial  plan 
hence  the  failure  of  ligature  of  the  external  carotid  to  cure  cirsoid  aneurysm  of  ll 
leni})oral  artery. 

Wounds  of  the  scalp  bL^wi  fivt^ly,  and  the  vessels  are  diflScult  to  liL^ture  on  account  of  t 
adhesion  r.f  their  walls  to  the  dense  subcutaneous  tissue.  In  extensive  nap  wounds  and  in  diff:i 
siip]>iiratioii  ])eiieath  the  occipito-fi-ontalis  there  is  little  danger  of  slouching  of  I  he  »a] 
Abscesses  and  haBmorrhages  superticial  to  the  oocipi  to-frontal  is  are  usually  limitcdcl  on  acixiunt 
thf  density  of  tlie  sul)cutAiieous  tissue.  Haimorrhage  beneath  the  occijiito-frontalis  is  seUo 
extensive  on  account  of  the  small  size  of  the  vessels,  but  suppuration  in  this  situation  nu 
rai)idly  underinini!  the  whole  muscle  ;  incisions  to  evacuate  the  pus  should  be  made  early.  ai 
j)arallel  to  tlie  main  vessels  of  the  scaJp.  Kxtravfisation  of  blooci  beneath  the  pt^ricranium  If* 
to  a  hu'matoma  whicli  is  limit(Ml  by  the  sutun\s. 

The,  veins  of  the  seal])  coniniunicate  with  the  intra-cranial  venous  sinuses- 
(1)  direetly  tlirough  their  anastomoses  with  the  large  emissary  veins,  namely,  tl 
]»arietal,  whieli  o]>ens  into  the  su^XTior  longitudinal  sinus,  and  the  mastoid  an 
posterior  condyloid,  which  o])en  into  the  lateral  sinus ;  (2)  through  the  anastomoe< 
of  the  frontal  and  supra-orbital  veins  with  the  ophthalmic  vein,  which  opens  ini 
the  cavernous  sinus:  f.*V  through  the  veins  of  the  diploe,  which  connect  the  veil 
of  the  seal])  and  the  ])erieranium  on  the  one  hand  with  those  of  the  dura  mat< 
and  the  venous  sinuses  on  the  other ;  (4)  through  small  veins  which  peiss  from  tl 
]Kricraniuni  through  the  hones  and  the  intersutural  membranes  to  the  dura.  It 
along  thesci  vjiriims  channels  tliat  ]»yogenic  infection  may  extend,  from  the  .«?cal 
and  pericranium,  through  the  bone  to  the  dura  mater  and  venous  sinuses,  and  fn»! 
the  latter  to  the  cerebral  veins,  the  pia-arachnoid,  and  the  substance  of  the  braii 
More  rarely  the  infection  spreads  from  the  cranial  cavity  along  the  emissary  veu 
to  the  scalp. 
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The  lymphatics  of  the  anterior  part  of  the  scalp  join  the  facial  lymphatics ;  those 
of  the  temporal  and  parietal  regions  open  into  the  pre-auricular  and  parotid 
lymphatic  glands,  situated  in  front  of  and  below  the  ear,  and  into  the  post-auricular 


Epicranial  A[»nntiuruiil#. 
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Fio.  878. — DiAcjRAMMATic  Repreuentatiun  of  a  Coronal  Section  throuoh  thb  Scalp,  Cranium, 
Meninges,  and  Cortex  Cerebri  (modified  from  Cunningham). 

or  mastoid  glands,  situated  upon  the  insertion  of  the  sterno-mastoid  muscle.  The 
lymphatics  of  the  occipital  region  open  into  the  occipital  glands,  which  lie  close  to 
the  occipital  artery  where  it  l^omes  superficial  in  the  scalp. 

Bony  Landmarks  of  the  Oraniom. — At  the  root  of  the  nose  is  the  fronto- 
nasal suture  (nasion) ;  a  little  above  it  is  the  glabella,  a  slight  prominence  which 
cx>nnects  the  superciliary  ridges.  About  1  in.  below  the  posterior  pole  of  the 
cranium,  and  2  in.  above  the  spine  of  the  axis,  is  the  external  occipital  protul)er- 
ance  (inion).  In  the  child  the  protuberance  is  not  developed ;  its  position  may  be 
defined  by  taking  a  point  at  the  junction  of  the  upper  and  middle  thirds  of  a  line 
extending  from  the  posterior  pole  of  the  skull  to  the  spine  of  the  axis.  About  a 
third  of  the  distance  from  the  nasion  to  the  inion  is  the  bregma  or  junction  of  the 
coronal  and  sagittal  sutures ;  with  the  head  in  the  natural  erect  posture  the  bregma 
corresponds  to  the  middle  of  a  line  carried  across  the  vertex  between  the  pre-auri- 
cular points  of  the  zygomatic  arches. 

At  birth  the  position  of  the  bregma  is  occupied  by  the  anterior  fontanelle,  a 
rhomboidal  membranous  area  which  generally  becomes  ossified  at  al>out  the 
eighteenth  month.  The  size  and  date  of  closure  of  the  fontanelle,  as  well  as  its 
tension  and  pulsation,  are  all  points  to  be  carefully  noted  in  the  clinical  examina- 
tion of  children. 

The  lambda,  or  junction  of  the  sagittal  and  lanibdoidal  sutures,  situated  2^  in. 
above  the  inion,  can  generally  be  felt  through  the  scalp ;  a  line  drawn  from  it  to 
the  posterior  border  of  the  root  of  the  mastoid  process  corresponds  to  the  lambdoidal 
suture.  In  the  adult  the  parieto-occipital  fissure  of  the  brain  lies  opi)osite,  or  a  few 
millimetres  in  front  of,  the  lambda ;  in  the  child,  however,  the  fissure  may  be  as 
much  as  1  in.  in  front  of  it. 

Crossing  the  supra-orbital  margin  close  to  its  inner  angle,  a  finger*s-breadth 
from  the  middle  line,  are  the  sniira-trochlear  nerve  and  the  frontal  branch  of  the 
ophthalmic  artery;  the  latter  nourishes  the  iiap  in  the  operation  of  rhinoplasty. 
At  the  junction  ot  the  inner  and  middle  thirds  oi  the  supra-orbital  margin,  1  in 
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fr(jia  the  middle  line,  is  the  supra-oibital  notch  or  foramen,  the  guide  to  the  R|» 
orbital  vessels  and  nerves.  A  little  above  the  level  of  the  outer  canthus  o\  :hr  ep> 
Ii<l  is  tiie  fronto-malar  suture,  immediately  above  which  is  the  external  aagiiB 
process  of  the  trrmtal  hone.  At  the  posterior  end  of  the  suture  the  temporal  tend 
of  the  orbital  nerve  juerces  the  temj>oral  fascia  to  reach  the  scalp.  Half  an  :&.: 
above  the  suture  is  the  lower  margin  of  the  cerebral  hemisphere  :  while  half  an  inci 
helow  tlie  siitun^  is  a  small  tubercle  on  the  posterior  Ixirder  of  the  malar  l"«nr.4 
\iw  (h-iiwii  from  this  tubercle  to  the  lambda  gives  the  line  of  the  parallel  fince 
and  of  the  descending  comu  of  the  lateral  ventricle. 

Tlie  zygomatic  arch,  an  important  landmark,  is  horizontal  when  the  lieadi?:: 
tlie  natural  position,  and  is  on  the  same  level  as  tlie  lower  margin  of  the  '.'ri-it  aihi 
th«'  inion;  its  upper  l»order  is  at,  or  not  infrequently  a  little  ahove,  the  level.-: 
tlie  lower  lateral  margin  of  the  hemisphere.  The  upj)er  lx)rder  of  the  zygunia  niiy 
1m'  traced  backwards  immeiliately  above  the  tragus  and  the  external  auditory  meatu? 
to  iH'come  continuous  with  the  ridge  formed  by  the  supra-mastoid  portion  of  :be 
temporal  crest.  The  part  of  the  posterior  root  of  the  zygoma  which  lies  imra«- 
iately  in  front  of  the  upper  end  of  the  tragus  constitutes  a  valualde  landmark  which 
may  with  advantage  l>e  termed  the  pre-auricular  point  of  tlie  zygoma,  wliile  by  the 
term  post-auricular  point  is  understood  that  point  upon  the  siipra-iuastoid  cref- 
which  lies  immediately  behind,  and  a  fingerVbreadth  below,  the  upper  attiichiuent 
r)f  the  auricle.  The  temporal  vessels  and  the  anriculo-temporal  nerve  cross  th« 
zygoma  at  the  pre-auriclar  point,  and  it  is  here  that  the  pulsations  of  tlie  tempf»wl 
artery  may  be  felt  during  the  administration  of  an  anaesthetic,  or  the  vessel 
compresse(l  for  the  purjM^se  of  checking  bleeding  from  the  temporal  region  nf  the 
scalp.  The  termination  of  the  auriculo-temporal  ner\'e  in  the  neigh lourhotJ 
of  tlie  parietal  eminence  is  often  the  seat  of  a  neuralgic  pjiin  in  irritative  condi- 
tions about  the  external  auditory  meatus,  the  latter  l)eing  supplied  l»y  tliis  nerve. 

Two  inches  vertically  above  the  pre-auricular  point  is  the  lower  end  (if  thr 
fissmre  of  Rolando.  Two  inches  vertically  alx)ve  the  middle  of  the  zygomatic  arth 
is  the  pterion  (sphe no-parietal  suture),  a  point  which  cannot  be  felt,  but  which  is 
neviTtht^less  of  topograjihical  importance,  as  it  overlies  the  Sylvian  point  (tfie  fK'int 
wli(»r(^  the  Sylvian  lissure  breaks  up  into  its  three  branches)  and  the  anterior  brandi 
of  the  middle  meningeal  artery.  A  point  three  fingers'-breadth  vertically  aVK)ve  the 
middle  of  the  zygomatic  arch,  on  the  left  side,  will  mark  the  position  of  the  centre 
<»f  Broca's  convolution  (posterior  extremity  of  the  left  inferior  frontal  convi>lutii)n;. 

Tlu^  frontal  eminence  (better  marked  in  the  child)  overlies  the  middle  frontal 
convolution.  The  parietal  eminence,  which  varies  considerably  in  the  definitene»5 
with  whi<h  it  can  Ix;  recognised,  overlies  the  termination  of  the  posterior  hori- 
zontal limb  of  the  fissure  of  Sylvius,  and  therefore  also  the  supra-marginal  convolution. 
which  is  named  l)y  Turner  the  convolution  of  the  parietal  emi^ience.  The  part  of 
tluj  temporal  crest  which  intervt^nes  lietween  the  external  angular  process  and  the 
coronal  suture  lit^s  a  little  above  the  level  of  the  inferior  frontal  sulcus.  The 
iiighest  i)art  of  the  ti;mporal  cn>st  crosses  the  Kolandic  area  at  the  junction  of  it^ 
middle  and  lower  thirds,  that  is  to  say,  at  the  junction  of  the  motor  areas  for  the 
arm  and  face.  In  the  child,  the  temporal  muscle,  which  is  relatively  much  small'-r 
than  in  the  adult,  reaches  oidy  a  short  distance  above  the  squamous  suture,  and 
iherefore,  only  as  far  as  the  level  of  the  lower  end  of  the  fisstire  of  Rolando. 

Tin-  tliickiicss  of  tli«'  .•<kull-f.li J  varus  :it  diffciviit  i>art*i  and  in  differtiit  individuak  Tlio 
iinu  r  tiil»li-  is  only  li.'ilf  thu  tliukiioss  of  the  outer  table,  but  lx)th  possess  the  same  degree  of  elas- 
ti'ity.  Wln-ii  tlui  vault  is  frai'tuiinl  from  direct  violent,  the  inner  table  is  morw  extensivelr 
fi^>un<l  tliau  tlic  outiT  table,  ln-causr  tin-  clcmoiits  of  tlio  latter  are  compn*f»ed,  while  X\\as4i  of  the 
tniiiur  an-  stirtchrd  apait.  Tlii*  weak  areas  at  the  liase  of  the  skull  through  wliich  fractures  arc 
lialile  to  exit'iid  .'ire  :  in  the  aiiliTior  cranial  fossa,  the  orbital  plates  of  the  frontal  \xn\k\  and  the 
<  ribrifunn  j»lat<'  c»f  ibe  ethmoid  ;  in  tlie  niMdle  cranial  foi*j»a,  the  region  of  the  glenoi'l  fossa  of 
tlie  temiMiralbnne,  ami  t»t'the  Toramen  ovale  (tf  tho  sphenoid  ;  in  the  posterior  fixisa,  the  corebellAT 
fn^^.i.  nf  tbe  oi.ripital  lK»ne,  The  strong  petrous  UfUiporal  is  weakenetl  by  the  tynif>anic  cavitv 
■  Old  by  till-  'h'ep  jugular  lo>sa. 

Cranio-Cerebral  Topography.  —  Of  the  many  methods  which  have  been 
devisntl  fur  mai»])in^f  nut  the  relations  of  the  cniuial  contents  to  the  scalp,  that 
intruduced    by    Professor   Chiene   is,   probably,   the  most   useful   from  a  clinical 
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-  point  of  view ;  no  figures  or  angles  have  to  be  remembered,  and  the  primary 
==«lir£ace  lines  are  drawn  from  bony  points  which  are  not  variable,  whilst  the 
^naoondary  lines  are  drawn,  for  the  most  part,  between  mid-points  of  the  primary 
■lilies.     The  method  is  as  follows  (Figs.  879  and  881) : — 

E        "The  head  being  shaved,  find  in  the  mesial  line  of  the  skull  between  the 
J  glabella  (G)  and  the  external  occipital  protuberance  (0)  the  following  points : — 
^  .       **  First,  the  mid-point  (M) ;  second,  the  three-qitarter  point  (T);  third,  the  seven- 
mmghth  point  (S). 

"  Find  also  the  external  angular  process  (E),  and  the  root  of  the  zygoma  (pre- 
:•  auricular  point)  (P),  immediately  above  and  in  front  of  the  external  auditory 
>  meatus.  Having  found  these  five  points,  join  EP,  PS,  and  ET.  Bisect  EP  and 
:  PS  at  N  and  R  Join  MN  and  MR.  Bisect  also  AB  at  C,  and  draw  CD  parallel 
•  to  AM." 

:  The  line  MA  corresponds  to  the  superior  and  inferior  precentral  sulci,  and  may 
t  therefore  be  termed  the  pre-central  line.  The  origins  of  the  superior  and  inferior 
f  frontal  sulci  may  be  indicated  by  trisecting  MA  at  the  points  K  and  L,  the  latter 
3  point  being  at  the  level  of  the  temporal  crest. 

r         The  line  ET,  termed  the  oUiqiu  or  Sylvian  line,  intersects  the  pre-central  line  at 

f  the  point  A,  which  overlies  the  pterion,  and  corresponds  therefore  to  the  Sylvian 

g  point  of  the  fissure  of  Sylyius  and  to  the  anterior  division  of  the  middle  meningeal 

i.  artery.     AC  overlies  the  posterior  horizontal  limb  of  the  fissure  of  Sylvius,  which 

terminates  at  the  level  of  the  temporal  crest,  in  the  lower  part  of  the  triangle  HCB. 

This  triangle  contains  the  parietal  eminence,  and  may,  therefore,  be  termed  the 

mpra-murginal  triangle.     The  termination  of  the  Sylvian  line,  at  the  three-quarter 

sagittal  point  T,  overlies  the  parieto-occipital  fissure. 

By  joining  TR,  EG,  a  triangle  is  mapped  out  which  delimits  the  outer  surface 
of  the  occipital  lobe ;  the  line  TB  corresponds  to  the  lambdoidal  suture,  while  BO 
corresponds  to,  or  lies  a  little  above,  the  tentorium  and  the  upper  border  of  the 
lateral  sinus. 

CD,  the  post-central  line,  corresponds  to  the  superior  postcentral  sulcus,  and  lies  a 
little  behind  the  inferior  postcentral  sulcus. 

The  parallelogram  AMDC  overlies  the  Bolandic  area,  i,e.  the  ascending  frontal 
and  the  ascending  parietal  convolutions,  separated  by  the  fissure  of  Bolando. 

The  pentagon  ABBPN  maps  out  the  temporal  lobe,  with  the  exception  of  its 
apex,  which  is  directed  downwards,  forwards,  and  inwards,  a  finger's-breadth  in 
front  of  the  point  N. 

A  fingers-breadth  below  AB  is  the  parallel  sulcus,  the  posterior  extremity  of 
which  turns  upwiypds  to  terminate  at  B,  the  i)oint  which  indicates,  therefore,  the 
position  of  the  angular  gyrua. 

The  fissure  of  Bolando  may  be  mapped  out  upon  the  scalp  by  drawing  a  line 
downwards  and  forwards  for  a  distance  of  3|  in.  from  a  point  half  an  inch  behind 
the  mid-sagittal  point  M  at  an  angle  of  67""  to  the  sagittal  line  (Hare).  This 
allele  may  readily  be  found  by  Chiene's  plan  of  folding  a  sheet  of  paper  first  to 
half  a  right  angle  and  again  to  a  quarter  of  a  right  angle  (45**  +  22*5'' =  GY'S"*). 
Acconling  to  Cunningham,  the  average  angle  which  the  fissure  makes  with  the 
sagittal  line  is  70°. 

The  topographical  distribution  of  function  in  the  cerebral  cortex  is  shown  in 
Fig.  879,  in  which  the  areas  worked  out  by  Grlinbaum  and  Sherrington  in  the 
anthropoid  apes  have  been  transferred  to  the  human  brain.  The  al>ove  observers 
have  shown  that,  while  the  motor  area  occupies  the  whole  length  ot  tho  pre-central 
convolution  and  of  the  fissure  of  Rolando  (with  the  exception  of  its  very  extremities), 
it  nowhere  extends  on  to  the  exjx)sed  surface  of  the  post-central  gyrus ;  nor  does  it 
extend  as  far  down  on  the  mesial  surface  of  the  hemisphere  as  the  calloso-marginal 
fissure.  Extirpation  of  the  hand  area,  for  example,  is  followed  by  severe  paralysis 
of  the  hand,  hut  the  use  and  power  of  the  hand  is  regained  in  a  few  weeks;  abla- 
tions, on  the  other  hand,  of  even  large  portions  of  the  posl-ceutral  gyrus  do  not 
give  rise  even  to  transient  paralysis. 

In  some  of  the  animals  experimented  on    th©  motor  area  was  iound  to  extend 
to  the  deeper  part  of  the  posterior  wall  of  tb^  fiasaxe  ot  Rolando.    Anteriorly  it 


1226 


SURFACE  AND  SURGICAL  A 


extended  into  the  pre-central  sulci  as  well  as  into  th 
the  pre-central  gyrus  ;  indeed  the  hidden  part  of  tl 
extent  that  contributing  to  the  free  surface  of  the  1 
extend  a  little  in  front  of  the  superior  and  inferior  p 
therefore  ho  regarded  as  physiological  boundariea 

Reference  to  Fig.  879  shows  that  of  the  main  area 
occupies  the  upyier  third  of  the  motor  region,  that 
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Fir..  879. — C'hamo-Ckrkbiial  Topoij] 
Sliows  ivlatiuius  of  the  motor  and  sensory  areas  to  the  convol 
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middle  third,  while  the  face  occupies  the  lower  thirc 
tlio  chief  suh-divisi<ais  of  tliese  main  areas  is  shov 
remembered,  ln)\vever,  that  there  exists  much  overlap 

Tile  lateral  ventricle  may  be  tappe<i  or  drained  fr 
tissue  Utr  a  depth  of  4  to  5  cm.  through  the  su^wrii 
lingers'-breu'.lth)  in  front  of  the  point  K,  the  instrum 
and  backwards  (KocOier). 

Keen  drains  the  ventricles  through  an  openinjj 
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^Auditory  meatus  and  the  same  distance  above  Eeid's  base  line  (a  line  drawn 
_  -backwards  from  the  lower  margin  of  the  orbit  through  the  centre  of  the  external 
^auditory   meatus),  the  in- 
— «trument  being  passed  into 
the  brain  towards  the  sum- 
:^-^mit  of  the  opposite  auricle. 
: —  If  the  ventricle  be  not  dis- 
tended it  will  be  reached  at 
a  depth  of  two  inches  from 
the  surface. 

To  open  the  snbarachnoid 

tpace,  the  pin  of  a  small 

trephine  is  placed  over  the 

mid-point  of  the  line  EA  ; 

^  the    dura  is  incised  as  it 

I  crosses    the    stem  of    the 

I  fissure  of  Sylvius  from  the 

f  froutal  lobe  to  the  anterior 

extremity  of  the  temporal 

lobe.     Care  must  be  taken 

%0     keep     in    front    of    the    ^^^'   880.— Scheme  sHowiNo  Rklativb  TopotiUAi'HY   OK  the   Chief 

xniddle  meningeal  artery.  sSn^on^  ''''  ™  ^'^''''  ^""^  ^**^*^^  ^'''"'  '''""'•^"'"  ^"'^ 

The  dstema  magna,  situ- 
ated between  the  back  part  of  the  under  surface  of  the  cerebellum  and  the 
medulla  oblongata,  may  be  reached  by  turning  down  a  flap  of  soft  parts,  and 
removing  a  circle  of  bone  a  little  above  the  foramen  magnum,  and  immediately 
to  one  side  of  the  middle  line  so  as  to  avoid  the  occipital  sinus.  Tlie  fourth 
▼entride  may  be  opened  up  by  making  a  somewhat  larger  trephine  optjning  in 
the  mesial  plane  and  separating  the  posterior  extremities  of  the  tonsillar  loljes 
of  the  cerebellum. 

To  expose  the  lateral  hemisphere  of  the  cerebellum,  trephine  over  the  centre  of 
a  line  drawn  from  the  tip  of  the  mastoid  process  to  the  external  occipital  pro- 
tul»erauce.  The  occipital  artery  and  the  mastoid  emissary  vein  will  l>e  divided 
in  turning  down  the  flap. 

Meningeal  Arteries. — When  the  calvarium  is  removed  the  meningeal  arteries 
are  found  to  adhere  firmly  to  the  dura.  Of  these  vessels  the  middle  meningt^al 
artery  is  the  only  one  of  surgical  imixjrtance.  It  is  frequently  lacerated  in 
fractures  of  the  skull ;  the  blooil  is  generally  extravasated  between  the  dura  and 
the  bone,  and  the  bleeding  point  lies  beneath  the  clot.  After  enteriut^^  the  cranial 
cavity  through  the  foramen  spinosum,  the  main  trunk,  which  is  usually  about 
li  in.  in  length,  runs  outward  and  slightly  forwards  to  bifurcate  into  anterior  and 
posterior  divisions  at  a  point  a  finger's-breadth  alxive  the  middle  of  the  zygomatic 
arcli,  viz.  at  or  close  behind  the  point  N.  When  the  main  trunk  is  short  the 
bifurcation  takes  place  opi)08ite  the  middle  of  the  zygomatic  arch. 

The  anterior  and  larger  division  j)asses  upwards,  with  a  slight  forward  con- 
vexity, a  little  behind  the  spheno- squamous  suture  and  across  thr  pU^rion  to 
the  anterior  inferior  angle  of  the  parietal  bone.  From  this  jwint  the  vessel  is 
continued  upwanls  and  slightly  backwards  behind  the  coronal  sutun^ ;  it  gives 
off  branclu»s  wliieli  ascend  over  the  motor  area.  The  position  and  general 
direction  of  the  anterior  branch  may  be  said  to  ccirresjiond  to  the  line  LN ;  it 
follows,  therefore,  that  the  artery  will  bo  encountered  in  trephining  ovt»r  the  lower 
and  anterior  part  of  the  Rolandic  areii,  especially  over  the  motor  centres  for  the 
tongue  and  face. 

The  pnstrrior  division  i)asses  almost  horizontally  biUikwards  towards  the 
posterior  inferior  angle  of  the  parietal  bone. 

To  exjKise  the  trunk  of  the  vessel  and  its  Infurcation,  the  trephine  is  applied 
immediati^ly  above  the  middle  of  the  zygomatic  arch.  To  cx\M)se  the  anterior 
division  the  pin  of  the  trephine  may  l)e"applictl  i^t  the  yoint.  A,  whicU  strikes  the 
artery  as  it  crosses  the  pterion  and  grooves  tlie  tH'^^^^^^  iute^^^  ^Vi^^  ol*  the  \«irietal 


Guiding  Unea  (Cluene'«)^  blue 
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be  removed,  and  during  the  removal  bleediag  may  occur  froDi  tlie  artery  aa  I 
in  the  canaL 

Vogt  localises  the  anterior  divvsum  at  a  point  a  thumbVbnea<iib  behic 
tubercle  an  the  posterior  lK>rder  of  the  inalar  bone  and  two  fin  *iidth 

the  zygoma.     Kronlein  trephines  at  a  pcdnt  1\  in.  behind  tl  i  nnl 

process,  on  a  line  drnwn  from  the  eupra-orbital  margin  back\^ 
Keida  base  line.     If  the  centre  of  the  trephine  be  placed  at  tha  nu^i-i- 
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curves  tln^  outer  is  (MHivex  torwanls,  the  inner  concave  forwards.  The  skiu  oi ; 
osseous  jiorlion  of  the  canal  is  thin  and  fused  with  the  i>erioate ii in,  hence  vr 
chronically  inllanied  it  is  liable  to  give  rise  to  secondary  pericstitis  and  o» 
narrowing  of  the  canal. 

Tin*  relations  of  the  osseous  walls  of  the  canal  are  of  importance  to  the  sun;r 


KiHif  of  tiiii<«l<iiil  aiitniiii 


l*i>«.t»*rior  branch  €»f  midiHe  ni*»ijiii2»-al  art'i 
Ant«Tior  liraiirh  of  inidiUc  inoi.i 


PinljiiTi  iif  ri-n-h»'lljir  fnnrtH 
forrninu  iMislnriui  wall 

iiutstitiii  untniri'. 

IiiliTn.r  i.f  Iftttral  siuQi 


Ai.!fii.)i-  liiiiil  111  Iiit«-nil  stmrfl 


MiMiitiraiia  tymitfiin 


■^  l^Ijtieiio-teiiiiwral  «.;ir. 

Trtipk  of  Jtiilt|*lle  in<>niii^>'al  -r; 

Clinnia  tyinpani  nen'e 


Sfotif.n  tluon^'h  tli 


n«ail  of  iu:iI]vUH 

Via.  8S2.  -ViKw  «»K  TiiK  OrTKK  Wall  of  thk  Middle  Eaii. 

■  left  t»iii|»onil  bone  c»f  ji  cliiM,  to  show  the  relations  of  the  middle  ear  aiitl  ma^tni'l  i- 
to  the  iniddlc  anil  pnstiTior  fossa»  of  the  skull. 

The  wlmlf  «»f  iln*  u|)i»ir  wall  and  the  n\i\HiT  half  of  the  posterior  wall,  dcveli 
fnuu  th»*  squamous  ])ortion  of  the  t4?nijvoral  bone,  consist  of  two  layer 
(•oni|»;i(t  InaKs  an  upiMT  and  a  lower,  which  are  continuous,  the  former  wiib 
inner  tal«l(»,  the  latter  with  the  outer  table  of  the  skull.  The  upper  plate  ju 
inwanis  to  the  pctro-sc[uauious  suture,  where  it  becomes  continuous  with  the  t 
c(l^v  of  the  tegiucn  tynipani,  which  roofs  over  the  tympanic  attic  and  the  uia? 
MHtrnm  :  tlie  lower  plat(?  bends  downwards  and  inwards  at  its  deepest  part  to  1 

the  lower  and  outer  w.» 
the  tympfinic  attic  ymi 
anterior  part  of  the  o 
wall  of  the  antrum  (Tr 
mann).  It  follnw.s,  tl 
fore,  that  when  the  nja- 
antrum  is  abnormally  si 
due  to  sclerosis  of  tin*  i 
or  when  it  is  encrwn 
uponbyafar-forward  lal 
sinus,  it,  along  with 
tymjjanic  attic,  can 
opened  by  perforatin>: 
junction  of  the  up|»t'r 
posterior  walls  of  the 
seou.^  lanal,  tlie  instninicnl  being  ilircH.ae4l  inwards  and  slightly  upwards.  T 
tbr  ui)i»er  ami  posterior  segment  of  the  external  auditory  process  is  the  su 
meatal  spine  :  this  small  but  ini]K)rlant  jn-ocess,  developed  from  the  squamous  perl 
can  usually  be  distinctly  made  out  in  the  living  subject  })y  pressing  npwanls 
backwards  witli  the  forefin^'(M' ])laced  in  the  external  auditor)*  meatus. 

The  ]n\v(»r  half  of  ih«'  i>ostrrior  wall  of  the  osseous  canal  (posterior  part  of 
lyiui»ani(r  |)late)  is  fused  with  the  anterior  jwirt  of  the  mastoid  process,  and  close;? 
lower  and  anterior  set  of  mastoid  cells  ;  border  cells). 

Anterinrly  an<l  interiorly  the  osseous  canal  is  related  n»8])ectively  to  the  temp 
maxillary  articulation  and  the  parotid  gland ;  hence  it  follows  that  blows  upon 
chin  may  fracture  the  tympanic  jdate  as  well  as  the  base  of  the  skull,  that  psiii 
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mastication  is  usually  complained  of  in  acute  inflammatory  affections  of  the  meatus 
and  middle  ear,  and  that  in  young  children,  in  whom  the  tympanic  plate  is  incom- 
pletely ossified,  suppurative  inflammation  is  liable  to  extend  from  the  ear  to  the 
parotid  region. 

Clinically,  to  obtain  a  view  of  the  membrana  tympani  a  Bpeculum  and  a  reflecting 
",  mirror  are  employed  ;  the  auricle  is  pulled  upwards,  backwards,  and  outwards,  in  order  to 


MiamaftHaaurikiill 
Tensor  ty m  pai  1 1  iiui « le 


Eminence  uf  cntcimMJ 


EuBtachian  tutie 


PoftttFlor  fo8sa  of  skull 


llDcliin«riUi7  tiyuiWut  process 
I    \   KacIaI  ticrve 

1.     PjTUHlJiJ 

Hcut:t.!u7)  of  jUguUr  ( 


^  Retro-pliaryn^cnl  lymphatic  kIah^ 

Tntf^rriiil  garotji)  artery 

i  i]  ttrrnnl  j  ugutar  Vfli  n        Prom  on  tory 

Fio.  884.— View  ok  thb  Inner  Wall  op  the  Miodi^  Ear. 

,.  Section  through  the  left  temporal  bone  of  a  child,  to  show  the  relations  of  the  middle  ear  and  mastoid  antrum 

to  the  middle  and  po8terior  fonss  of  the  skull. 

straighten  the  cartilaginous  part  of  the  canal.  The  healthy  membrane  is  pearly  gray,  semi- 
opaque,  slightly  concave  outwards,  and  obliquely  placed,  being  inclined  outwards,  especially 
above  and  behind. 

The  handle  and  short  process  of  the  malleus,  both  embedded  in  the  membrana  tympani, 
are  the  only  objects  distinctly  seen  when  the  healthy  ear  is  examined  with  the  speculum. 


Groove  for  posterior  bmitrli  of  injJ^lle  lu^tiingeA]  Mrt«rj 
AditTm  ad  MEitniiii  | 

I 


Tngmen  lympani 


TymflJiiilc  attic 


Mastoid  HEitriim-^ 


Aliartta  tympani  lu-rve 
,Teii«or  tyinitani  muscle 


ElatHUi^  of  malleiis 
rnnitii]  canal 
[itnj[h.Hinc  mcmbraiu* 


_,  Ju4^iUr  frwuHk 


Stylo-mastold  foramen 
Fio.  885.— Sectiojt  through  Left  Temporal  Bone,  8howin(i  Olter  Wall  of  Tympanic  Cavity,  etc. 

The  short  process  of  the  malleus  projects  outwards,  and  presents  itself,  therefore,  as  a 
distinct  knob-Jike  projection  at  the  upper  part  of  the  membrane ;  passing  fomards  and 
backwards  from  this  process  are  the  anterior  and  posterior  folds  of  the  membrana 
tjnnjMUii ;  fchey  form  the  lower  limit  of  Shrapnell's  membrane,  and  correspond  to  the  line 
of  the  chorda  tympani  nerve.  The  handle  of  the  malleus,  situated  at  the  junction  of  the 
two  upper  (luadreints,  is  seen  passing  downwaids  ftnd  backwards  to  the  point  of  maximum 
coucavifcy  of  the  uicmhr&ne  (umbo),  situated  a  little  below  its  centre  (Fig.  883) ;  passing 
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downwards  and  forwards  from  the  umbo  is  the  tritingular  cone  of  reflected  liyht,  to  ¥  bid 
too  much  importance  must  not  be  attached,  since  its  appearances  vary  cou8ideni)»ly  k 
healthy  ears.  Normally,  the  long  process  of  the  incus  is  but  faintly  visible,  and  still  ies 
so  are  the  promontory  and  foramen  rotundum;  in  the  condition  of  Eustachian  obsjtructiDi 
however,  in  which  the  membrane  is  indrawn,  these  structures,  along  with  the  folds  of  lb 
drum,  become  more  distinct. 

In  i)erforming  the  operation  of  parcLcentesis  of  the  tympanic  membrane  the  positf".- 
inferior  quadrant  is  the  site  chosen  for  making  the  puncture,  as,  in  addition  to  proviiiiL;' 
good  drainage,  it  is  farthest  removed  from  important  structures,  especially  the  chori 
tympani  nerve. 

in  order  to  understand  the  clinical  imi)ortance  of  the  parts  seen  through  the  trans^ 
lucent  membrane,  it  is  necessary  to  study  the  relative  position  of  the  structure  of  tk 
''  nifso-ti/inpanum"  that  is  to  say,  that  part  of  the  tympanum  which  lies  opposite  iL: 
tympanic  membrane.  If  the  tympanic  plate  and  the  tympanic  membrane  be  carcfuiij 
n?moved  so  as  to  leave  the  ossicles  and  chorda  tympani  nerve  in  position,  it  will  be  «*« 
that  the  head  of  the  malleus  and  the  body  and  short  process  of  the  iucus  are  altogethti 
above  the  tympanic  membrane,  and  that  they  occupy  the  tympanic  attic  or  epitympuic 
space  (Fig.  SSo).  At  the  junction  of  the  two  upper  quadrants  of  the  membrane  is  the  hindk 
of  the  malleus,  which  is  directed  downwards,  backwards,  and  inwards.  The  short  proooi 
of  the  malleus  is  directed  outwards  a  little  below  the  deepest  jwirt  of  the  roof  of  the 
osseous  external  auditory  canal.  Opposite  the  postero-superior  quadrant  are  the  ]xni 
process  of  the  incus,  which  descends  behind  and  almost  parallel  to  the  handle  of  tht 
malleus,  and  the  stapes,  which  is  directed  inwards  and  slightly  backwards  to  the  forameL 
ovale.  The  chorda  tjrmpani  nerve  runs  from  behind  forwards  between  the  outer  surface 
of  the  upper  i)art  of  the  long  process  of  the  incus  and  the  inner  surface  of  the  neck  itf 
the  malleus.  At  the  deepest  part  of  the  roof  of  the  osseous  canal  above  the  cbtrdi 
tympani  nerve  and  the  short  process  of  the  malleus  is  a  notch  {not^h  of  Jiivini),  wiiicL 
is  occupied  by  the  flaccid  and  highest  portion  of  the  membrana  tympani  {Shrapn^ff 
memhrane).  Opposite  the  postero-inferior  quadrant  of  the  drum-head  is  the  promontoj 
of  the  cochlea,  below  and  behind  which  is  the  foramen  rotundum.  Opposite  the  anteru- 
superior  quadrant  are  the  processus  cochleaiiformis,  the  tendon  of  the  tensor  tympani,  ai>J 
the  passage  leading  towards  the  Eustachian  tuhe. 

The  inner  mill  of  the  tympanic  cavity  is  related  to  the  internal  ear.      The  U2>iier  vnii 
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Fii;.  8S0.— Suction  THKurim  Petrous  Poution  of  Temi'OKal  Bone  of  Adult. 

Sliowinj^  llic  rt'lalidn  of  tlie  middle  ear  to  the  iui«l<Ue  and  posterior  fosiw  of  tlie  skull. 


is  separated  from  the  middle  fossa  of  the  skull  and  the  under  surface  of  the  teiwpi^rai 
lobe  of  the  brain  by  the  tegmen  tympani — ^a  thin  plate  of  boue,   which  is  continucti 
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take  tlie  level  of  the  upper  border  of  the  osseous  meatus  as  the  guide  in  order  to 
avoid  opeuiiig  the  middle  fossa  of  the  skulL  In  children  the  supra-mastoid  crest 
is  not  developed,  so  that  if  the  operator  mistake  the  posterior  root  of  the  zYgomi 
for  the  crest,  he  will  open  into  tJEie  middle  fossa  of  the  skull  immediately  in  front 
of  the  attic.  The  upper  and  posterior  quadrant  of  the  osseous  meatus  is,  therefore, 
the  only  reliable  guide  to  the  antrum  in  the  child. 

The  imier  ivall  is  formed  by  a  thick  plate  of  spongy  bone  which  separates  the 
antrum  from  that  portion  of  the  posterior  fossa  lying  between  the  aqueduct  of 
the  vestibule  and  the  groove  for  the  sigmoid  portion  of  the  lateral  sinus,  and  which 
contains  the  posterior  semicircular  canal. 

Ti)e  roof,  which  slopes  downwards  and  forwards,  is  formed  by  the  posterior  and 
thinnest  part  of  the  tegmen  tympani. 

The  floor  is  on  a  lower  level  than  the  aditus,  and  is  therefore  unfavourably 
placed  for  natural  drainage. 

The  mastoid  process  begins  to  develop  in  the  second  year.     As  development 


Fio.  887.  — FuoNTAL  SiNUSKS  OK  Average 
Dimensions,  with  a  Mesial  Septum  (Logan 
Tiirnor). 


Flu.  888.  —  A  Large  Rioht  FsoyCAL 
Sinus  with  Septum  obuque  to  the 
Lei-t  (Logan  Turner). 


advances  the  diploe  surrounding  the  antrum  in  the  child  l)econie8  excavated  to 
form  the  mastoid  cells,  which  radiate  from  the  antrum,  and  either  directly  or 
indirectly  communicate  with  it  by  small  openinga  In  the  pneumatic  type  of 
mastoitl  the  whole  of  the  process  is  excavated  by  these  cells,  which  extend 
upwards  into  the  squamous  portion,  forwards  to  the  posterior  wall  of  the  osaeous 
meatus  (l)order-cells),  and  backwards  into  the  occipital  bone.  Pus  retained  within 
the  ''  harder-cells  "  may  bulge  into,  and  rupture  through,  the  posterior  wall  of  the 
osseous  meatus.  Less  frequently  the  mastoid  cells  are  absent,  the  bone  consisting 
either  oi  osseous  tissue  similar  to  that  of  the  diploe,  or  of  dense  bone  (selerosed 
type). 

Tlie  mastoid  proceas  is  grooved  upon  its  inner  surface  by  the  sigmoid  portion  of 
the  lateral  sinus.  Tlie  average  distance  of  the  foremost  part  of  the  sinus  from  the 
supra-meatal  spine  is  1  cm.  The  right  sinus  usually  receives  the  superior 
longitudinal  sinus,  and  when  this  is  the  case  it  is  larger  and  farther  forward  than 
the  left ;  in  extreme  cases  it  may  reach  to  within  2  or  3  mm.  of  the  meatus.  The 
average  minimum  distance  of  the  lateral  sinus  from  the  outer  surface  of  the 
mastoid  is  about  1  cm.,  but  w4ien  the  sinus  is  large  and  far  forward  the  thickne^ 
may  be  reduced  to  1  or  2  mm. 

The  facial  nerve,  after  entering  the  aqueduct  of  Fallopius  at  the  bottom  of  the 
internal  auditory  meatus,  lies  immediately  above  and  behind  the  foramen  ovale, 
between  it  and  the  prominence  of  the  external  semicircular  canal;    thence  it 
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Fio.    889.  —  Right    Frontal   Sinus    op 

VERY  LAROB   DIMENSIONS  ;    LEFT  SlNUS 

UNOPENED  (Logan  Turner). 


fflcends  almost  vertically  in  the  posterior  wall  of  the  tympanum  J  in.  behind  and 
temal  to  the  lower  half  of  the  deepest  part  of  the  posterior  wall  of  the  external 
seous  canal,  and  emerges  through  the  stylo- 
astoid  foramen  (Fig.  583). 

In  the  infant,  in  consequence  of  the  absence 

the  mastoid  process,  the  exit  of  the  facial 
irve  from  the  stylo-mastoid  foramen  is  unpro- 
cted  and  exposed  upon  the  lateral  rather  than 
3on  the  basal  surface  of  the  skull  at  a  point 
^mediately  behind  the  posterior  segment  of 
le  tympanic  horse-shoe.  It  follows,  therefore, 
iat,  in  infancy,  the  incision  to  expose  the  antrum 
lould  not  be  curved  too  far  downwards  and 
rwards,  otherwise  the  facial  nerve  may  be  di- 
ided.  In  the  infant  the  position  of  the  mastoid 
itrum  is  relatively  higher  than  in  the  adult, 
5cause  in  the  former  the  upper  wall  of  the 
iseous  canal  inclines  towards  the  vertical  plane 
istead  of  being  horizontal  The  lymphatics  from 
16  auricle  and  external  auditory  meatus  open 
ito  the  mastoid  and  parotid  lymphatic  glands, 
16  latter  receiving  also  the  lymphatics  from 
16  middle  ear.  The  efferent  vessels  from  these 
lands  open  into  the  superior  sub-stemomastoid 
lands ;  hence  it  is  that  these  groups  of  glands 
re  80  frequently  found  to  be  diseased  secondary  to  tuberculosis  of  the  middle  ear ; 
id  care  must  be  taken  not  to  mistake  an  abscess  in  one  of  the  mastoid  glands 
\T  sub-periosteal  mastoid  suppuration  associated  with  middle-ear  disease. 

To  open  the  mastoid  antrum  the  surgeon  makes  a  curved  incision  a  little  behind  the 
;tachment  of  the  auricle,  and  chisels  or  drills  away  the  bone  immediately  al)ove  and 
3hind  the  postero-superior  quadrant  of  the  external  osseous  meatus.  In  this  operation 
le  middle  fossa  of  the  shdl  is  avoided  by  keeping  below  the  supra-mastoid  crest,  the 
\tercd  sinus  by  keeping  close  to  the  external  auditory  canal  and  by  chiselling  obliquely  to 
le  surface  in  opening  the  mastoid  cells,  the  descending  portion  of  the  facial  Tierve  is 
?^oided  by  not  encroaching  upon  the  lower  half  of  the  deepest  part  of  the  posterior  wall 
'  the  osseous  canal.  In  extending  the  operation  from  the  mastoid  antrum  through  the 
iitus  into  the  tympanic  attic,  the  external  semicircular  canal  and  the  curve  of  the  facial 
frvcy  which  lie  in  relation  to  the  inner  wall  of  the  aditus,  are  liable  to  injury,  and  must 
e  protected  either  by  a  curved  probe,  or  better  by  Stackers  protector,  passed  from  the 
ntrum  through  the  aditus  into  the  tympanic  cavity. 

The  frontal  air  sinuses  are  two  cavities  situated  immediately  above  the  root  of 
tie  nose  between  the  two  tables  of  the  frontal  bone.  Each  sinus  at  its  most 
ependeut  part  communicates,  by  means  of  the  naso-frontal  duct,  either  directly 
dth  the  middle  meatus  of  the  nose,  or  indirectly  with  that  channel  through  its 
ifundibulum.  A  bony  septum,  rarely  incomplete,  separates  the  two  sinuses ;  it 
\  usually  mesial  in  position  below,  but  it  may  deviate  to  one  or  other  side  above 
Figs.  887  and  888). 

The  sinuses  vary  considerably  in  their  size  and  shape,  independently  of  the 
egree  of  development  of  the  glabella  and  superciliary  ridges  (Fig.  889).  According 
0  Logan  Turner,  the  dimensions  of  an  average-sized  sinus  are :  height,  1^  in.,  from 
he  lower  end  of  the  fron to-maxillary  suture  vertically  upwards ;  breadth,  1  in., 
rom  the  mesial  septum  horizontally  outwards ;  depth,  f  in.,  from  the  anterior  wall 
•ackwards  along  the  orbital  roof.  The  sinus  may  exist  merely  as  recesses  limited 
o  a  small  area  of  bone  al)ove  the  nose,  or  it  may  extend  upwards  on  to  the  fore- 
lead  for  more  than  two  inches;  externally  it  may  be  limited  by  the  bony 
rail  of  the  temporal  fossa,  while  posteriorly  it  may  leacYi  as  far  back  as  the  optic 
^ramen.  The  anterior  wall  is  thickest,  but  the  \,VAc^^^^8a  ^^7  ^^  ^^^  ^  ^ 
mnL  The  ffoor  is  the  thinnest  wall,  henc^  ^v  ipxxa  is  retained  within  the 
83  d  "^V" 
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cavity,  it  tends  to  point  at  the  upper  and  inner  angle  of  the  orbit.      Intracranial 
suppuration  may  arise  in  connexion  with  sinus  disease  by  extension   through  the 


septum  of  frontal  sinuses 
Right  frontal  RinuH  ^ 

\  \ 
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Fk;.  890.— Vertical  Couonal  Skction  through  the  Nose  and  Frontal  Sinuses. 

))osterior  wall.     The  muco-periosteal  lining,  which  readily  strips  from  the  bone,  is 
tliin  and  pale,  and  provided  with  mucous-secreting  glands. 

In  many  individuals,  by  the  aid  of  trans-illumination,  the  extent  of  the  sinuses  and  the 
j)()sition  of  the  intervening  septum  may  be  mapped  out  upon  the  forehead-  For  this 
purpose  a  small  electric  lamp  is  placed  against  the  floor  of  the  sinus,  beneath  the  inoer 
third  of  the  supra-orbital  margin.  In  exploring  the  sinus,  the  opening  in  the  bone  should 
be  made  close  to  the  mesial  plane,  immediately  above  the  root  of  the  nose.  In  marked 
cases  of  deviation  of  the  septum  one  sinus  may  extend  so  far  across  the  mesial  plane  of 
the  foreh(»a(l  as  to  reduce  the  other  to  a  mere  slit ;  in  such  cases  the  surgeon  may  fail  to 
open  the  diseased  sinus  when  the  operation  is  performed  through  the  anterior  wall.  The 
sinus  fiXHjuently  contains  incomplete  partitions,  which  give  rise  to  the  formation  of  pocket* 
and  recesses  usually  found  towai-ds  the  external  angle  of  the  sinus ;  when  dealing  with 
chronic  suppuration  of  the  sinuses,  special  attention  should  be  paid  to  these  recesses  a& 
well  as  to  the  backward  extension  of  the  cavity  along  the  orbital  roof.  The  anterior 
ethmoidal  cells  are  closely  related  to  the  thin  inner  or  nasal  portion  of  the  floor  of  the 
sinus  and  its  duct  of  exit ;  hence  suppuration  very  frequently  co-exists  in  both  cavities* 
In  some  cases  pus  flows  directly  from  the  frontal  sinus  and  infundibulum  along  the 
hiatus  semilunaris  into  the  maxillary  antrum,  which  opens  into  the  back  part  of  the 
hiatus.  Killian's  operation  for  the  cure  of  chronic  suppuration  in  the  sinus  consists  in 
the  removal  of  its  anterior  and  inferior  walls,  the  supra-orbital  margin  being  left  to 
prevent  the  falling  in  of  the  eyebrow.  By  removing  the  frontal  process  of  the  superior 
maxilla  good  access  may  at  the  same  time  be  obtained  to  the  ethmoidal  cells  and  free 
drainage  established  between  the  frontiil  sinus  and  the  nasal  cavity. 


THE  FACE. 

The  skin  of  the  face  is  thin,  vascular,  and  rich  in  sebaceous  and  sweat  glands; 
it  is  intimately  connected  with  the  subcutaneous  tissue,  in  which  are  imbedded  the 
facial  muscles  as  well  as  the  main  blood-vessels.  Owing  to  its  elasticity  and  to 
the  presence  of  the  main  blood-vessels  in  the  lax  subcutaneous  tissue,  the  face  is  an 
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Imirable  site  for  plastic  operations,  as  the  flaps  do  not  necrose  in  spite  of  cousider- 
Dle  tension.  The  laxity  of  the  tissues  accounts  for  the  marked  swelling  which 
ttends  oedematous  and  inflammatory  conditions  about  the  face.  Whenever  pos- 
ble,  incisions  should  be  made  along  the  line  of  the  natural  furrows  and  creases  of 
le  skin,  so  as  to  render  the  resulting  cicatrix  less  noticeable. 

The  bony  landmarks  of  the  face  which  may  be  readily  palpated  are:  the 
iperciliary  ridges  and  the  glabella,  the  nasion  (fronto-nasal  junction),  the  bridge  of 
16  nese,  the  osseons  anterior  nares  and  the  nasal  spine,  the  snpra-  and  infra-orbital 
largins,  the  external  and  internal  angnlar  processes,  the  anterior  part  of  the  temporal 
rest,  the  malar  bone,  the  zygomatic  arch,  and  the  region  of  the  canine  fossa  of  the 
pper  jaw. 

Immediately  below  the  root  of  the  zygoma,  and  in  front  of  the  upper  part  of 
be  tragus,  is  the  condyle  of  the  jaw.  By  pressing  with  the  point  of  the  flnger 
pen  the  condyle  while  the  mouth  is  being  widely  opened,  the  bone  will  be  felt  to 
lide  forward,  while  the  finger  sinks  deeply  into  the  hollow  corresponding  to  the 
lenoid  cavity.  The  close  relation  of  the  first  part  of  the  internal  maxillary  artery 
0  the  inner  aspect  of  the  neck  of  the  jaw  must  be  kept  in  mind  in  operations 
ailing  for  disarticulation  or  excision  of  the  condyle.  The  ascending  ramus  of  the 
iw  is  sandwiched  between  the  masseter  and  the  pterygoid  muscles,  and  can  bo 
emoved  without  opening  into  the  mouth.  Passing  downwards  from  the  condyle, 
ne  can  palpate  the  anterior  and  posterior  borders  of  the  ascending  ramus  and  the 
ngle  and  body  of  the  mandible.  The  anterior  border  of  the  coronoid  process  is 
Bit  in  front  of  the  upper  part  of  the  anterior  border  of  the  masseter,  immediately 
«low  the  anterior  part  of  the  zygomatic  an^h. 

The  pulsation  of  the  facial  artery  may  be  felt  as  the  vessel  crosses  the  lower 
largin  of  the  mandible  at  the  anterior  border  of  the  masseter,  1^  in.  in  front  of 
he  angle  of  the  jaw.  To  map  out  the  course  of  the  artery  upon  the  face,  draw  a 
ine  from  thLs  point  to  a  point  J  in.  external  to  the  angle  of  the  mouth,  and 
hence  to  a  point  a  little  behind  the  ala  nasi  and  along  the  side  of  the  nose  to 
he  inner  angle  of  the  orbit.  The  facial  vein  lies  behind  the  facial  artery,  and 
akes  a  straighter  course  from  the  inner  canthus  to  the  anterior  inferior  angle  of 
he  masseter.  The  vessel  is  devoid  of  valves,  hence  infective  phlebitis  and  throm- 
osis  are  liable  to  spread  along  it  to  the  cavernous  sinus  by  way  of  the  ophthalmic 
nd  pterygoid  veins. 

A  line  projected  downwards  from  the  supra-orbital  notch  (junction  of  inner 
nd  middle  thirds  of  the  supra-orbital  margin)  to  the  lower  border  of  the 
aandible  opposite  the  interval  between  the  two  lower  bicuspid  teeth,  will  cross 
he  infira-orbital  and  mental  foramina,  the  former  i  in.  below  the  infra-orbital 
aargin,  the  latter  midway  between  the  upper  and  lower  borders  of  the  lower  jaw. 
n  performing  the  operation  of  neurectomy  for  the  relief  of  trigeminal  neuralgia, 
hese  foramina  furnish  the  guides  to  the  correspondingly-named  branches  of  the  fifth 
lerve.  It  should  be  remembered  that  the  nerves  in  question,  after  emerging  from 
heir  respective  foramina,  lie,  in  the  first  instance,  beneath  the  facial  muscles.  The 
upra-orbital  and  infra-orbital  nerves  are  not  infrequently  represented  each  by  two 
tranches,  one  of  which  passes  through  an  accessory  foramen  situated  external  to 
he  normal  opening.  Neurectomy  of  the  inferior  pental  nerve  is  performed  by 
rephining  the  ascending  ramus  of  the  jaw  midway  between  its  anterior  and  pos- 
erior  borders,  on  a  level  with  the  crown  of  the  last  molar  tooth,  the  nerve  being 
cached  as  it  enters  the  inferior  dental  canal :  the  lingual  nerve,  which  lies  a  little 
.nterior  to  the  inferior  dental,  can  be  exposed  through  the  same  opening. 

The  &cial  nerve,  after  emerging  from  the  stylo-mastoid  foramen,  is  imbedded 
n  the  parotid  gland  where  it  is  superficial  to  the  external  carotid  artery;  the 
terve  can  be  rolled  under  the  finger  as  it  crosses  the  posterior  border  of  the  ascend- 
ng  ramus  of  the  jaw  at  the  level  of  the  lower  margin  of  the  tragus ;  incisions  con- 
inued  along  the  ramus  above  this  point  should  be  only  skin  deep  if  the  nerve  is 
0  be  avoided.  To  expose  the  trunk  of  the  nerve  an  incision  is  made  from  the 
nterior  border  of  the  mastoid  process  to  the  angle  of  the  jaw.  Incisions  upon  the 
tieek  should,  whenever  possible,  be  planned  so  as  to  run  parallel  with  the  branches 
r  the  nerve;  theae  radiate  from  the  lower  end  of  the  tragus.  The  nerve  may 
83  b 


1238  SUEFACE  AND  SUEGICAL  ANATOMY. 

be  paralysed  by  wounds  of  the  cheek  and  by  malignant  tumours  of  the  parotid,  i 
also  by  intracranial  and  middle-ear  lesions. 

The  parotid  gland  is  surrounded  by  a  fascial  envelope,  the  strongest  portion  < 
wliich  is  continued  from  the  deep  cervical  fascia  over  its  superficial  aspect  i 
l)ecome  attached  to  the  zygoma  (Fig.  716);  hence  abscesses  in  the  parotid  tei 
to  burrow  deeply  towards  the  pterygo-maxillary  space  and  the  upper  part  of  tl 
pliarynx  (Fig.  897) ;  the  pus  should  therefore  be  evacuated  by  Hilton's  metk 
through  an  early  incision  over  the  angle  of  the  jaw.  A  study  of  the  relations 
the  gland  explains  the  surgical  dififtculties  which  attend  its  complete  removal 

The  parotid  duct  oan  be  rolled  beneath  the  finger  as  it  crosses  the  masset 
rather  less  than  a  finger's  breadth  below  the  zygoma.  After  winding  over  i 
anterior  border  of  the  muscle  it  soon  pierces  the  buccinator,  and  opens  into  t 
mouth  opposite  to  the  second  molar  tooth  of  the  upper  jaw.  The  duct  correspon 
to  the  middle  third  of  a  line  drawn  from  the  lower  margin  of  the  concha  to  a  poii 
midway  between  the  ala  nasi  and  the  margin  of  the  upper  lip. 

Superficial  to  the  parotid  and  a  little  in  front  of  the  tragus  is  the  pfre-anricn] 
Ijrmpliatic  gland,  which  is  frequently  found  to  be  inflamed  in  children  suiTering  fro 
eczematous  conditions  of  the  eyelids,  face,  scalp,  and  external  ear.  In  openh 
an  abscess  connected  with  this  gland  care  must  be  taken  to  make  the  inciaion 
low  down  as  possible,  so  as  to  avoid  the  parotid  duct. 

Eyelids. — The  skin  of  the  eyelids,  more  especially  of  the  upper,  is  very  thin  ai 
connected  with  the  orbicularis  muscle  by  delicate  and  lax  subcutaneous  tiss 
destitute  of  fat ;  hence  the  marked  swelling  which  occurs  in  a  "  black  eye  "  and 
(I'dema  of  the  lids.  Along  the  anterior  edge  of  the  free  margins  of  the  lids  are  t 
eyelashes  and  the  orifices  of  the  sebaceous  glands,  suppurative  inflammation 
which  gives  rise  to  a  "  sti/e " ;  along  the  sharp  posterior  edge  of  the  free  margi 
are  the  minute  orifices  of  the  Meibomian  glands.  These  glands,  imbedded  in  tl 
deep  surface  of  the  tarsal  plates,  are  seen  through  the  palpebral  conjunctiva  as 
row  of  parallel,  yellowish,  granular-looking  streaks.  From  the  deep  position  of  tl 
glauds  it  follows  that  the  skin  over  a  Meibomian  cyst  is  freely  movable,  and  thi 
to  reach  the  cyst  an  incision  should  be  made  through  the  conjunctival  surface  < 
the  lid. 

The  palpebral  conjunctiva  is  closely  adherent  to  the  ocular  surface  of  the  tars 
plates;  at  the  fornix  it  is  loose  and  contains  small  lymphoid  follicles,  whic 
l)ecome  hypertrophied  in  the  condition  known  as  granular  conjunctivitis.  Tl 
ocular  conjunctiva  is  thin,  transparent,  and  loosely  attached  to  the  sclerotic,  so  thi 
in  operating  upon  the  eye  a  fold  of  the  membrane  can  be  picked  up  with  forcq 
to  steady  the  eyeball. 

In  inflammatory  affections  of  the  eye  the  state  of  those  vessels  which  are  visible  giv 
important  information  as  to  the  seat  of  the  mischief.  For  example,  in  inflammatioD 
the  conjunctiva  the  posterior  conjunctival  vessels  (derived  from  the  palpebral  arteriei 
scarcely  visible  normally,  appear  as  a  close  network  which  fades  away  towards  the  conie 
margin  ;  these  vessels  move  freely  with  the  conjunctiva,  and  do  not  di8ap[>ear  under  pit 
sure.  Tn  superficial  inflammations  of  the  cornea  the  anterior  conjunctival  vessels  (tl 
most  superficial  of  the  terminal  branches  of  the  anterior  ciliary  arteries)  are  seen 
spread  in  a  freely  branching  manner  into  its  superficial  layers.  In  iritis  and  deep  inflai 
mations  of  the  cornea  there  is  a  pink  circumcomeal  zone  of  vascular  dilatation  consistii 
of  delicate  straight  vessels  which  disappear  under  pressure  and  do  not  move  with  the  co 
junctiva;  they  are  the  subconjunctival  (episclerotic)  terminations  of  the  anterior  ciliii 
arteries ;  in  health  they  are  invisible. 

Lachrymal  Apparatus.-  The  lachnrmal  gland,  situated  behind  the  outer  pa 
of  the  supra-orbital  margin,  cannot  be  felt  unless  enlarged.  By  everting  ai 
r.iising  the  upper  eyelid,  the  accessory  (palpebral)  portion  of  the  gland  is  seen  i 
)>ruject  beneath  the  outer  third  of  the  fornix,  in  which  situation  also  the  minu 
orifices  of  the  lachrymal  ducts  may  be  detected.  By  gently  drawing  downwan 
the  lower  lid,  the  small  punctom  lachrymale  is  seen  situated  upon  a  slight  papillai 
elevation  of  its  margin  about  4  mm.  from  the  inner  canthus;  the  correspondiE 
orifice  of  the  upper  lid  is  placed  a  Uttle  nearer  the  canthua       Nomudly  tl 
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puncta  are  directed  towards,  and  accurately  applied  to,  the  ocular  conjunctiva 
immediately  external  to  the  caruncle.  By  drawing  the  lids  outwards  tlie  internal 
palpebral  ligament  is  put  upon  the  stretch,  and  can  be  felt  as  a  narrow  tense  band 
passing  transversely  inwards  to  be  attached  to  the  nasal  process  of  the  superior 
maxilla.  The  ligament  is  a  guide  to  the  position  of  the  lachrsrinal  sac,  which  it 
crosses  a  little  above  its  centre.  Continuous  with  the  lower  end  of  the  lachrymal 
sac  is  the  nasal  duct,  which  passes  downwards  and  slightly  backwards  and  outwards, 
to  open  into  the  inferior  meatus  of  the  nose,  under  cover  of  the  anterior  end  of  the 
inferior  turbinaL  The  lachrymal  sac  and  duct  each  measure  about  ^  in.  in  length  ; 
the  latter  is  slightly  contracted  at  its  commencement  and  termination,  and  it  is  in 
these  situations  that  pathological  strictures  of  the  duct  are  commonest.  Spon- 
taneous rupture  of  an  abscess  of  the  lachrymal  sac  almost  invariably  occurs  just 
below  the  tendo  palpebrarum ;  it  is  in  this  situation  that  the  abscess  should  be 
opened,  the  incision  being  made  a  little  external  to  the  angular  termination  of  the 
facial  artery. 

The  canaliculi  lachnrmales,  which  convey  the  tears  from  the  puncta  to  the  lach- 
rymal sac,  run  for  the  first  1-2  mm.  almost  vertically  to  the  free  margins  of  the 
lids,  and  thence  parallel  to  them.  Between  the  canaliculi  is  the  lachrymal  caruncle. 
In  the  various  morbid  conditions  which  give  rise  either  to  misdirection  of  the 
puncta  or  to  strictui-e  at  any  part  of  the  lachrymal  drainage  apparatus,  overflow 
of  the  tears  (epiphora)  is  the  chief  symptom-  In  passing  a  probe  along  a 
canaliculus  the  instrument,  in  consequence  of  the  bend  upon  the  duct,  is 
passed  at  first  vertically  to  the  margin  of  the  lid,  and  afterwards  parallel  to  it, 
until  the  point  is  felt  to  strike  against  the  inner  wall  of  the  lachrymal  sac ;  to 
pass  the  instrument  onwards  along  the  nasal  duct  the  handle  is  rotated  forwards 
and  upwards  through  a  quarter  of  a  circle,  and  then  pushed  gently  downwards  and 
slightly  backwards  and  outwards  into  the  inferior  meatus  of  the  nose. 

The  tarsal  "  cartilages  "  are  attached  to  the  periosteum  of  the  orbital  margins  by 
the  orbito-tarsal  ligaments  which  shut  off  the  communication  between  tlic  suIx^uUi- 
neous  tissue  of  the  eyelids  and  the  fatty  tissue  of  the  orbital  cavity.  In  fracture 
of  the  anterior  fossa  of  the  base  of  the  skull  involving  the  orbital  plate,  the  blood 
extends  forwards  between  the  periosteum  and  the  musculo-fascial  envelope  of  the 
orbit  and  appears  under  the  conjunctiva. 

To  obtain  free  access  to  the  cavity  of  the  orbit,  the  surgeon  first  enLirges  the 
palpebral  fissure  by  making  a  horizontal  incision  from  the  outer  cauthus  to  the 
outer  margin  of  the  orbit,  and  then,  after  everting  the  eyelid,  divides  the  conjunc- 
tiva along  the  fornix  of  the  upper  or  lower  Ud,  or  of  both,  as  may  be  desired. 

Nose.— To  examine  the  anterior  nares  (anterior  rhinoscopy)  a  strong  light  is 
reflected  into  the  nostril,  which  is  dilated  by  means  of  a  nasal  specuhim.  Tlie 
anterior  extremity  of  the  inferior  tnrbinal  appears  as  a  rounded  body  pr(»jt»ctiDg 
from  the  outer  wall  of  the  nose ;  in  turgescence  of  its  erectile  tissue  it  is  liable  to 
come  in  contact  with  the  nasal  septum  and  so  occlude  the  nostril.  The  inferior 
meatus,  situated  between  the  inferior  turbinated  body  and  the  floor  of  tlie  uiisal 
fossa,  is  brought  into  view  by  tilting  forwards  the  head.  The  lower  aperture  of  the 
nasal  duct  is  concealed  from  view  by  the  anterior  part  of  the  inferior  turbiual. 
The  floor  of  the  nose  is  horizontal  and  placed  on  a  slightly  lower  level  than  the 
anterior  nares.  The  septum,  generally  more  or  less  deviated  to  one  or  other  side, 
is  seen  when  the  head  is  slightly  rotated  away  from  the  side  to  be  examined.  Tlie 
anterior  extremity  of  the  middle  tnrbinal,  which  lies  a  little  behind  and  internal  to 
the  lower-internal  angle  of  the  orbital  margin,  is  seen  when  the  ])atieut'«  head  is 
thrown  well  back ;  between  it  and  the  septum  is  a  slit-like  interval  (olfactonj  cleft). 
By  rotating  the  patient's  head  towards  the  corresponding  shoulder  the  anterior  part 
of  the  middle  meatus  is  brought  into  view ;  pus  in  this  situation  may  originate  from 
the  frontal,  the  anterior  ethmoidal,  or  the  maxillary  sinuses,  all  of  which  open  into 
the  hiatus  semilanaris  of  the  middle  meatus  (Fig.  555). 

To  make  a  satisfactory  digital  exploration  ai  t\ve  anterior  part  of  the  nasjil 
cavities,  it  is  necessary  to  divide  the  columella  axzi^^  the  cartilaginous  scvtum  with 
a  strong  pair  of  scissors,  one  blade  l)eing  introci^^^^  ^^^^  ^^  nostril  (Kocher); 
blood  spurts  from  the  small  arteries  of  the  sejjf-  -^w,\)\it  the  bleeding  soon  ceases. 
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When  tlu'se  vessels,  which  are  derived  from  the  siii.>erior  coronary  art»ri 
source  of  the  hieiuorrliage  iu  epistuxis,  the  l»leeding  can  be  arresteil  eith» 
pressing  the  coronary  arteries,  by  plugging  the  anterior  nares,  or  by  gn 
cjiriilaginoiis  part  of  the  nose  firmly  between  the  linger  and  thumb. 

The  maxillary  sinus  or  antrum  of  Highmore,  RituaUnl  in  the  upi».-i 
]»yraniiihil  cavity  with  its  base  formed  by  the  outer  wall  of  the  nose  au 
directed  towards  the  malar  bone  (Fig.  126).  The  cavity  is  lincnl  ]»y  a  t 
])eriosteal  membrane,  easily  separable  from  the  bone ;  in  the  mucou.s 
numerous  mucous  glands  from  which  cysts  may  develop.  The  floor  of  t 
wliich  is  at  or  a  little  below  the  level  of  the  floor  of  the  nose,  is  sei-ui 
the  roots  of  the  bicuspid  and  molar  teeth  by  a  plate  of  bone  of  varying 
When  this  plate  is  thin  and  devoid  of  spongiosa,  the  floor  of  tlie  antrum  ? 
tlie  level  c)f  the  floor  of  the  nose,  and  suppuration  at  the  roots  of  one  ni 
above  mentioned  is  in  these  circumstances  very  liable  to  extend  U^  the  ai 
an  antrum  of  average  dimensions  the  line  of  union  of  the  ufisal  and  fac 
the  cavity  corresponds  externally  to  the  outer  edge  of  the  canine  rii 
Turner).  The  antral  urljlce  is  situated  at  the  highest  part  of  the  ai 
is  thtnetore  unfavourably  plac^^d  for  natural  drainage ;  it  opens  into  tli 
and  lower  part  of  the  infundibulum,  which  in  its  turn  comnninieate 
midille  meatus  of  the  nose  through  the  hiatus  seniilunaris.  In  old  a 
frequently  a  second  communication  between  the  antrum  and  middle  i 
opening  being  situated  l)ehind  and  ])elow  the  nonnal  orilice  ;  wlieii  tin 
ostt^um  t»xists,  ])us  from  the  antrum  may  drain  backwards  into  the  na 
(Logjin  Turn(^rj.  In  empyema  of  the  antrum  the  opening  to  evacuate 
tlie  cavity  may  l>e  made  (1)  through  the  alveolus  of  the  second  bicuspid 
first  <»r  stx'ond  molar  tooth,  the  first  molar  being  the  sito  of  election  :  i' 
the  canine  fossa,  external  to  the  prominence  caused  by  the  root  of  the  ca 
or  (3)  tlirougli  th*^  <»uter  wall  of  the  inferior  meatus  of  the  nose. 

Lips. — In  compressing  the  coronary  arteries,  it  must  be  rememberei 
run  bt^iCiith  the  mucous  surface  of  the«  lips  a  short  distance  from  tlieir  fr 
The  lips  are  al)uudantly  supplied  with  mucous  glands  which  can  be  felt  ii 
biMieath  tlie  mucous  membrane  nearer  their  attached  than  their  free  I* 
glands  are  a  frtMjuent  source  of  mucous  cysts;  occasionally  tliey  ar 
(M>ngeni tally,  giving  rise  to  one  form  of  hypertrophy  of  the  lip. 

Jhin-lip  is  due  to  failure  of  the  union  of  the  superficial  parts  of  the  iutonu 
(.i..).nia.  pnKMs^  ^W^^'^^oix  of  tlic  froiito-nasal   pr.x-e 

rnwrn-  ^^^^  maxillary  proccss  (Fig.  891).     The 

"^'''"' "  J0^K^^^\^/     oifactiMv      »P^^c"  <»f  •^  complete  or  incomplei 

ui  nasal        ^^--^  ^BT         &     ^''^  *^^  ^^^^  ^^^^^  cxtcucls  into  the  uostn 

i.i.M»h>    .^^B         K       yy^    Lui. ml         involves  a  portion  of  the  lip.      The 

'  involve  the   lip  only,   or  it    may 

Kyv    ^  ^'  ^^Ey^^^^.  ^""^''"''*        alveolar  pi-ocess  of  the  jaw  ;    in  th< 

'  the  cleft  may  or  may  not  be  associ 

tS;!'um    Ih^^^l^S^lA^lS  Maxillary      clcft  of  the  jifdate.    Lustlv,  thc  liar 

single  or  double,  according  as  the  di 
occurred  on  one  (usually  the  left)  u 
Fig.  892,  taken  from  a  coYi 
througli  the  head  of  a  human  em' 
seventh  week,  shows  how  the  mo 
off  from  the  nasal  cavities  bv 
inwartls  from  the  deep  aspect  of*  tl 
,.       CO,      VI  I.  .^  ...  process    of     two    horizontal     plat 

Days  <„.„,  An^\u^  tl.c  divisi-m  .i  tli.  lo>ver  part  Processes)  which  unite  in  the  mid<i 
.>i"  tlio  iih'si.'il  tVoiital  i.io.o.s>  into  tlie  two  gloiuiliir  ^'J^^-h  Other  and  witli  the  lower  \m 
|)r..a».s.  th.'  iiitiTvtiition  of  tli.'  ollartoiy  ]'its  septuin  of  the  iiosc  ;  the  latter,  wh 
i.-two.-n  il.f  iih-i.'il  aii.l  lateral  nasal  pro(Tss»-.s,  as  a   dowiigrowth    from    tho    orii 

ami    tlie    anpro.xiniatinn    of   the    maxillarv   an«l  ..     .        *^      .  .         * 

lat,.al    nasal    process.,    whi.-h,    however,    arc  ^"™"^'  /«  continuous  anteriorly  w 

separate.!  l.y  til.- oeulo-nasal  siiku>  (from  Hi?.).       mterual    liawd    pTOCCSSCS    which    foi 

maxilla}  and  the  middle  portion  o 
lip.     The  various  degrees  «.f  cleft  iHiJnU'  are  due  to  the  more  or   less  com] 


THE  FACE. 


1241 


interior  ojftnial  f<v»*'i 


Middle 


Nasal  <!tir(tj 


Bucetl 


c'n  stalline  lens 
lit  tike  eyeball 


FalaUl  process 
th?ntal  lamina 


Lanjlna 


PlO. 


892.— Coronal  Section  through  the  Pack  of  a  Human  Embryo 
AT  THB  Seventh  Week. 


Qion  of  the  palatal  processes  with  each  other  and  with  the  premaiillary  part  of  the 

•nal  nasal  processes.     The  cleft  in  the  soft  palate,  which  is  always  mesial,  may  be 

r  partial  or  com- 

.,  and  may  or  may  ^~*^  "^p*""?  ^"^'"'^'  *"'^*"*^ 

extend    forwards 

the  hard  palate. 

cleft  in  the  latter 

oken  of  as  single 

louble    according 

lether  the  palatal 

fsses  have   failed 

itewith  the  lower 

of  the  nasal  sep- 

)n  one,or  on  both, 
When  the  cleft 

nds     forwards 

gh  the   alveolar 

88     to     become 

luouswithacleft 

e  lip,   the  inner 

laiillary)  edge  of 

jleft    is    usually 

;ted  forwards   in  advance  of   the  outer   (maxillary)  edge.      Before   proceeding   to 
the  cleft  in  the  lip,  the  projecting    premaxillary  edge  is   forced  back    into   line 

with   the  maxillary 
edge. 

In  what  is  known 
as  a  complete  double 
cleft  palate,  the 
palatal  processes  fail 
to  join  the  nasal 
septum  and  the  pre- 
maxillflB  on  both 
sides ;  the  result  is 
a  wide  median  cleft 
which  communicates 
with  both  nasal 
cavities.  The  free 
lower  border  of  the 
vomer  extends  along 
the  middle  of  the 
cleft  to  be  continuous 
anteriorly  with  the 
rounded  premaxil- 
lary mass ;  the  latter, 
along  with  the  cen- 
tral portion  of  the 
upper  lip,  is  pro- 
jected forwards  be- 
tween the  two  labial 
clefts,  often  to  such 
an  extent  that  it 
appears  to  spring 
from  the  tip  of  the 
nose  (Fig.  893).  In 
operating  on  such  a 
double  hare-lip  the 
first  step  is  to  get 

the  premaxillary  projection.     This  is  done,  not  by  rentioving  it  altogether,  but  by 

ng  a  triangiiiar  portion  of  the  septum  of  the  nose  behind  it,  so  as  to  allow  of  its 

)ent  back  into  line  with  the  alveolar  processes  of  the  superior  maxillw.    The  base 

triangular  piece  of  boxie  should  not  be  taken  from  the  coiisUicted  portion  of  neck 

^remaxiJlaryproyecfclon,  but  should  consist  of  the  olive-sl^^-V^  tVucVeniug  situated 


Ala  nasi 

or  cxtremEty  at 

iferior  turbiniil 

itral  portion  of ,  ^| 

upper  lip 


PreiD»Xi1lA 

eft  nasal  cavlLy 

liter  edge  of  left 

labial  ckft 

{ht  iiaaal  ravlty 

Naaal  septum 

process  of  rigJjt 

mperior  maicTlJa 

Tmigua 

Lower  Up 


».  893.— From  a  PHi)TOGRAPH  showino  Double  Ck)MPi.ETK  Hark- lip 
AND  Clbft  Palate. 
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^rreiJiiTtilla 


>^tiluT«  lieiw«f>ii  pr«uii.xil!a  and  vomer 


T^prt  n^sfll  cavity 


PnlELtbl  pnXH*«s  of 
-''superior  n^Hxilla 


^ITorisEoiitRl  plate  of 
palate  LonB 


immediately  behind  the  neck.      This  thickening   is  crossed   by  the    tmnsvei 
uniting  Uie  premaxilla  with  the  anterior  extremity  of  the  vomer  (Fig.  894). 

maxillary  project 
moved  altogethe 
nothing  left  to  si 
upiHjr  lip,  aud  tl 
an  ugly  defonni 
the  comparative 
aud  reduudaucy  c 
lip. 

Teeth.— The 

begin  to  appear 
sixth  to  the  eigl 
the  first  to  erne 
the  lower  centra 
The  first  dentiti 
pie  ted  about  th( 
month.  Delayec 
is  generally  due 
Of  the  permanei 

Fuj.  894.— Shows  Arranijemknt  of  Bones  in  Double  Clk>t  Palate  "^St   to  erupt  ai 
(Handbook  of  Practical  Surgery,  Berginann,  Bruus,  and  Mikulicz).  molars,    whicll    . 

the  end  of  tht 
seventh  year;  the  third  molars  (wisdom  teeth),  the  last  to  appear,  i 
any  time  between  the  eighteenth  and  the  twenty- fifth  year,  or  oven  \ 
the  permanent  teeth  push  their  way  towards  the  surface,  absorption  of 
of  the  first  set  takes  place,  which  either  fall  out  of  their  own  accord  or 
removed.  Loss  of  the  permanent  teeth  is  followed  by  absorption  of  th 
margin  of  the  jaw.  The  tooth  sockets  are  lined  by  a  thin  periosteum, 
anatomically  coutiuuous  with  the  pulp  tissue  of  the  teeth  on  the  one  han 
dense  fibrous  tissue  of  the  deep  layer  of  the  gum  on  the  other. 

The  upper  incisors  and  canines  and  the  lower  bicuspids  have  cylindr 
hence  in  extracting  these  teeth  they  should  be  first  loosened  by  a  sliglit 
movement ;  the  roots  of  the  lower  incisors  and  canines  and  of  the  upper 
are  Jlattened,  so  that  they  must  be  loosened  by  a  lateral  movement.  Th< 
the  wisdom  teeth  are  convergent,  generally  welded  together  and  curved  b 
(^specially  in  the  lower  jaw.  The  first  and  second  upper  molars  have  tl 
which  are  often  divergent  (Figs.  719  and  720). 

Tongue. — For  practical  purposes,  as  well  as  on  developmental  and  s 
grounds,  it  is  convenient  to  divide  the  tongue  into  an  anterior  two-th 
oro-glossus,  and  a  posterior  third — the  pharyngo-glossos  (Wingrave),  Fig. 
the  junction  of  the  two  ix)rtions,  immediately  behind  the  median  circi 
papilla,  is  the  foramen  caecum,  which  represents  the  remains  of  the  upper  o; 
goal  extremity  of  the  thsrro-glossal  tract.  Congenital  cysts  aLiiifistulcB  whic 
irom  persistent  remains  of  this  tract  are  always  mesial;  those  arising 
upper  or  lingual  portion  of  the  tract  are  situated  above  the  hyoid  bon€ 
those  developed  from  the  lower  or  thyroid  portion  are  situated  below  1 
])one.  The  liability  of  these  cysts  and  fistulse  to  recur  after  operation  is 
due  to  the  fact  that  part  of  the  epithelial  tract  lies  in  the  substance  of  ■ 
bone. 

The  umcous  membrane  covering  the  pharyngo-glossus  is  much  more 
than  that  covering  the  oro-glossus,  hence  in  using  a  tongue  depressor  tl 
ment  should,  exeei>t  under  special  circumstances,  rest  only  upon  the  lattt 
otherwise  a  reflex  arching  of  the  tongue  will  be  set  up,  which  prevents  the 
from  obtaining  a  satisfactory  view  of  the  tlnoat.  Scattered  over  the  p 
glossus  are  clusters  of  lymphoid  follicles  (lingual  tonsils),  which  appea 
surface  as  a  number  of  nodular  umbilicated  elevations  provided  with  litt 
into  which  mucous  glands  open  (Fig.  710).  The  lingual  tonsils  are 
chrcmic  infiammation  and  hypertrophy,  conditions  wliich  are  often  accom] 
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compress  the  vessel  against  the  inner  surface  of  the  lower  jaw.  On  account  of 
the  very  slender  anastomosis  between  the  vessels  of  the  two  halves  of  the  tonguf 
scarcely  any  bleeding  occurs  when  the  organ  is  split  mesially. 

According  to  Poirier  the  collecting  trunks  which  arise  from  the  lymphatic  net- 
works in  the  mucous  membrane  and  muscular  substance  of  the  tongue  may  le 
divided  into  four  groups: — (1)  Apical  tnmks  which  open  partly  into  the  submenial 
glands  and  partly  into  a  gland  of  the  internal  jugular  chain  lying  immediately 
above  the  anterior  belly  of  the  omohyoid  muscle.  (2)  Marginal  tnmks  which  pas. 
some  external  to  the  sublingual  gland  and  through  the  mylohyoid  muscle  to  join 
the  most  anterior  of  the  submaxillary  lymphatic  glands ;  others  pass  internal  lo 
the  subungual  gland,  in  front  of  and  behind  the  hyoglossus  muscle  to  join  the  glands 
of  the  internal  jugular  chain.  The  more  anterior  their  lingual  origin  the  W^r  in 
the  chain  is  the  gland  to  which  they  pass.  (3)  The  basal  tnmlcs,  from  the  posterior 
third  of  the  tongue,  pass  from  before  backwards  towards  the  lower  extremity  of  the 
tonsils,  where  they  pierce  the  superior  and  middle  constrictors  of  the  pharynx,  and 
after  surrounding  the  lingual  artery,  open  into  a  gland  placed  on  the  internal 
jugular  vein  immediately  below  the  posterior  belly  of  the  digastric.  (4)  The  centnl 
trunks,  which  descend  in  the  middle  line  between  the  genio-hyo-glossi,  pass  beneath 
the  hyoglossus  and  mylohyoid  muscles  into  the  submaxillary  space,  and  thence 
in  front  of  the  hyoid  bone  (having  embraced  the  tendon  of  the  digastric)  to  join 
the  glands  of  the  internal  jugular  chain. 

Between  the  tongue  and  the  inner  surface  of  the  gums  is  the  alveolo-gloanl 
sulcus,  crossed  in  the  middle  line  by  the  frenom  linguse,  which  passes  upwards  to 
the  under  surface  of  the  tongue  (Fig.  896).  Immediately  on  either  side  of  the 
lower  part  of  the  frenuni  is  the  orifice  of  Wharton's  duel  A  little  external  to  the 
frenum  the  ranine  veins  are  seen  lying  immediately  under  the  thin  mucous  mem- 
brane ;  to  the  outer  side  of  the  veins  are  the  ranine  arteries  and  the  lingual  nerrei 
both  of  which  lie  deeper  than  the  veins,  and  are  therefore  not  visible. 

The  mucous  membrane  at  the  anterior  part  of  the  floor  of  the  alveolo-glossal 
sulcus  is  thrown  into  a  slight  elevation,  which  overlies,  and  is  caused  by,  the 
sublingual  salivary  gland.  The  duct  of  the  submaxillary  gland  (Wharton's  duct; 
and  the  Ungual  nerve  lie  beneath  and  to  the  inner  side  of  the  sublingual  ghnd. 

In  dividing  a  shorteued  frenum  for  "  tongue-tie  "  the  ranine  vessels  and  the  orilices  of 
Wharton's  ducts  must  be  avoided.  Behind  the  frenum  linguae  are  the  anterior  bonicrs  of 
the  genio-hyo-glosBi,  which  descend  to  the  upper  genial  tubercles.  In  operations  necessiut- 
ing  tlie  removal  of  the  region  of  the  symphysis  of  the  jaw,  or  the  separation  of  the  ori^na 
of  the  genio-hyo-glossi,  the  tongue  must  be  kept  forward,  otherwise  the  patient  will  l* 
suffocated  l)y  the  organ  falling  backwards  over  the  entrance  to  the  larj'nx.  In  removing 
a  small  salivary  calculus  from  the  floor  of  the  mouth  the  calculus  should  be  fixed  with  the 
finger  against  the  inner  surface  of  the  jaw  before  cutting  down  upon  it. 

When  the  teeth  are  clenched  the  vestibule  of  the  mouth  communicates  behind 
the  last  molars  with  the  oral  cavity  proper  through  an  opening  which  l»arelT 
admits  a  medium-sized  catheter.  Hence,  when  the  jaws  cannot  he  sejiarated  it  i? 
generally  necessary  to  feed  the  patient  through  a  tube  passed  along  the  floor  of  the 
nose. 

By  opening  the  mouth  widely  and  taking  a  deep  inspiration,  the  soft  palate  is 
elevated,  and  the  anterior  and  posterior  pillars  of  the  fauces  are  rendered  prominent 
(Fig.  707).  Tlie  anterior  pillars  are  seen  to  spring  from  the  anterior  surface  of  the 
soft  palate,  close  to  the  base  of  the  uvula,  and  to  arch  downwards  and  outwards  in 
fn^nt  of  the  tonsils  to  end  at  the  posterior  extremity  of  the  lateral  border  of  the 
tongue.  The  posterior  pillars  are  really  the  continuation  of  the  lower  free  border  of 
the  soft  i)alate  downwards  behind  the  tonsils  to  become  attached  to,  and  lost  upon, 
the  postoro-lateral  wall  of  the  pharynx.  Together  with  the  lower  edge  of  the  soft 
palate  and  the  base  of  the  tongue  they  bound  a  hemispherical  opening  (istlnni 
faucium),  through  which  is  visible  the  oral  portion  of  the  mucous  membrane  corer- 
ing  the  posterior  wall  of  the  pharynx. 

The  fiftucial  tonsils  (Fig.  897)  lie  one  on  each  side  of  the  isthmus,  between  the 
anterior  and  posterior  pillars  of  the  fauces ;  they  are  situated  opposite  the  ingh 
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of  the  jaw,  but  they  cannot  be  felt  from  the  outside.  Each  tonsil  is  covered  on  its 
free  surface  by  mucous  membrane  upon  which  are  seen  the  orifices  oi'  the  tonsillar 
crypts ;  the  outer  or  deep  surface  is  covered  by  a  layer  of  fibrous  tissue  which  forms 
an  imi^rfect  capsule  to  the  organ.  According  to  Merkel,  the  internal  carotid 
artery  is  situated  1*5  cm.  behind  the  outer  margin  of  the  tonsil,  which  is 
sepamted  from  the  8ui)erior  constrictor  by  a  quantity  of  loose  cellular  tissue 
and  fat,  so  that  the  gland  can  be  grasped  with  a  volsellum  and  pulled  forward 
without  dragging  the  vessel  with  it.  The  tonsil  receives  its  hi  nod -supply 
mainly  from  a  small  vessel  derived  from  the  anterior  palatine  artery;  when 

nyi)Of;lfMHal  nerve 
IiitiTiiul  juiciilftr  VKiii    I    Intemal  carotiil  arter>' 


Spinal  ncri'sxory  iitTve 
I>i>r.tstrir  iiiuhoIi*  | 


Styl. 


pliaryiiKv.il  ii»tv«« 

TiMiii>nn»- 

iiiaxillriry  vfiTi 

Bxtf'riial  ran  it  ill 

artory 

Htyl«vl  •'»*•*'•"* 

A>w«>ii(liiiK 

IMilatiiiP  artrry 

-    r  lit  emu  1  i)tt'iyj:old^ 

EpiKlottis 

Kn*ntiliiiii 
cpi^'lottiiiis 

Phmr}'"S**Al  portion 
or  tonKMH 


Gloss...     7^4^         \ 


I^iminioKastric  nerve 
I      Syniimthetir 


I»«»st.pliarynp'al 
lyniphatic  >:lanil 

SniM'rior 

ronstrict'ir  nnnu'lt* 
'ostrrior  iml.'itinM 
arch 
Tonsil 

'linrvnKO-»»piglotlir 
fol.l 

Anttrii-r  i«lalin«' 
an'li 

CinMiiiivallate 
[i.-ipill:)- 


Itaplic  of  ton^ui' 


Clinical  iiAi>ilb- 


Buccdutor 


Fuliiriifimn  )«pUU^ 


Fl»i.  897.     -HoKlZnNTAl.   SeCTIDN   THROUOII    MorXH    AND    PhaIUNV    at   THK    LkVKI.   ok    TMK   TM^^^II,N. 

The  styloi)haryiis:i'Us,  whifli  is  shown  immeiliatoly  to  the  iiin«T  siile  of  the  oxteriiol  cttn)ti«l  artrry.  and  \]u' 
provi.Ttf1)ral  iiiusi'Ios,  are  not  imlicated  hy  rvfentiu-e  lines  (from  liirinin;;liaiu). 

thia  l)ranch  is  larger  than  usual  and  adherent  to  the  capsule  of  th(»  tonsil  the 
bleeding  which  attends  the  ojHjnition  of  removal  of  the  tonsils  may  \ic  consider- 
able. The  hfcmorrhage  win  V»e  arrested  by  i)ressing  the  bleeding  point  outwards 
against  the  internal  ])terygoid  and  the  ramus  of  the  jaw.  If  the  Ijlecnling  be  from 
a  spurting  vess<»l  of  larger  size,  its  source,  atjconling  to  Merkel,  is  ]»rol)ably  th(» 
facial  artery,  which  has  been  wouu<led  as  it  arches  upwards  beneath  the  digastric 
and  stylo-hyoid  muscles  to  within  a  short  distance  from  the  outer  surfjice  of  the 
tonsil.  In  children  and  adolescents  the  tonsils  are  fre<pi(Mitly  hyiK^rtropliied  ;  the 
enlargement  may  Ihj  cither  genenil,  more  towards  the  middle  line,  downwards  along 
the  pharynx,  or  u])wards  Iwhind  the  soft  iwilate*  to  expose  and  llioroughly  remove 
the  last-men tionei I  variety  of  enhirgement  the  upv^*^  \^^^^  ^^^  ^^^^  iu\levii»r  \»illar  of 
he  fauces  must  be  divided. 

The  mooous  membrane  and  tlie  IHiriost^^..     pf  t\\c  ^^*^  V»^«*^  ^-^  »o  closely 
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united  as  to  form  practically  one  membrane.  The  p 
leaving  the  posterior  palatine  foramina,  run  forwai 
hard  palate,  close  to  its  alveolar  margin.  In  tl 
{staphylorraphy),  in  order  to  secure  nourishment  for 
lateral  incisions  should  be  made  external  to  these  vea 

Secondary  hajmorrhage  after  the  operation  for  cleft  p 
posterior  palatine  foramen,  which  lies  a  little  interna 
J  in.  In  front  of  the  hamular  process,  which  can  be  felt  ai 
of  mucous  membrane  containing  the  pterygo-maxillar 
a  wide  cleft  of  the  soft  palate  the  tension  of  the  tei 
by  chipping  off  the  hamular  process  with  a  small  cb 
extremity  of  the  lateral  relief  incisions. 

Naso-phaiynz. — To  explore  the  upper  or  nasal 
finger  should  be  hooked  upwards  behind  the  soft  j 
readily  detects  the  sharp  posterior  border  of  the  vomi 
posterior  extremity  of  the  middle  and  inferior  turbi 
formed  by  the  basilar  process  of  the  occipital  bone,  w 
a  transverse  bony  ridge  caused  by  the  projection  of 
Upon  the  lateral  walls  of  the  naso-pharynx  are  tl 
tubes,  situated  A  in.  behind  the  posterior  extremities 
708).  The  orifices,  bounded  superiorly  and  posterioi 
directed  downwards  and  forwards,  and,  therefore,  in 
passage  of  tlie  Eustachian  catheter.  Behind  the  proi 
orifice  is  a  lateral  recess  of  the  pharynx  known  as  the 
the  point  of  the  Eustachian  catheter  is  apt  to  becomi 
posterior  wall  of  the  pharynx,  down  to  the  level  of 
and  extending  laterally  as  far  as  the  Eustachian  ori 
tissue,  the  pharsmgeal  tonsil.  Hypertrophy  of  this  t 
known  as  " adenoids''  the  harmful  effects  of  which 
with  nasal  respiration.  Upon  the  centre  of  the  ] 
leading  into  a  small  recess  into  which  numerous 
structures  felt  in  the  post-nasal  space  may  be  rend 
light  upon  a  small  mirror  placed  immediately  behi 
{posterior  rhinoscopy).  The  lower  part  of  the  infei 
view  by  the  bulging  of  the  upper  surface  of  the  soft 

In  plugging  the  posterior  nares,  it  is  important  to 
measure  nearly  one  inch  in  the  vertical  and  half  an  ii 
In  the  child,  owing  to  the  small  size  of  the  face,  the 
pharynx  is  relatively  much  smaller  than  in  the  adul 

The  l3rmphatics  from  the  nasal  fossse  and  phsu'j 
pharyngeal  tonsils,  join  the  sub-parotid  and  uppei 
which  lies  internal  to  the  carotid  vessel  between  th* 
and  the  prevertebral  fascia.  In  children  suppurati< 
the  commonest  cause  of  a  retro-pharyngeal  abscess. 

In  the  adult  the  four  upper  cervical  vertebrae  cai 
while  in  the  child  the  finger  can  also  reach  as  far  do^ 
l)ack  of  the  cricoid  cartilage. 


THE  NECK. 

The  general  envelope  of  deep  cervical  fa8cia,along  v 
which  proceed  from  its  deep  surface,  subdivides  the  ; 
limit  and  determine  the  spread  of  pus.  The  most  i 
central  or  visceral  compartment,  bounded  anteriorly 
feriorly  by  the  prevertebral  fascia,  and  laterally  by  t 
compartment.  Posteriorly,  this  compartment  exten 
downwards  into  the  posterior  mediastinum  ;  anterior 
bone  into  the  anterior  part  of  the  superior  mediasti 
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l)artment  usually  points  upon  tliii  surface,  adhcaions  being  formed,  first.  It 
the  ^^laud  and  the  fascia,  and,  sulxsequently,  between  the  latter  and  the  cut; 
structures.  In  dilluse  sup])uralive  ceUulilia  of  this  conipartiuent  the  1»U8  li^ 
towards  the  root  of  the  ncH-k,  and  may  reach  either  the  niediaHtinniu  or  the  a 
Middle  Line  of  the  Neck. — Tlie  Ixnly  of  the  hyoidbone  divides  the  midd 
of  the  neck  into  supra-  and  infra-hyoid  portions.  Above  the  hyoid  bone  is  tl 
mental  triangle,  with  its  a]>ex  at  the  lower  border  of  the  syniphysi.s  menti  a 
sides  fornnMl  l)v  the  antt^'ior  bellies  c»f  the  di<^astrics.  In  the  floor  of  the  ti 
an^  the  anti*rior  ])()rtions  of  the  niylo-hyoid  muscles,  separated  by  the  u 
ra[>h(».  (Fig.  Ti)).  The  most  imx>ortant  8tructurt\s  in  the  triangle  are  the  suIm 
Ijrmphatic  glands,  which  can  usually  be  felt  a  little  above  the  body  of  the 
bone.  They  are  a  fre([ucnt  seat  of  abscess  secondary  to  ini|X3tigo  of  tiie  lov 
and  chin.  About  1  in.  below  the  hyoid  bone  is  the  pomum  Adami,  njore  proii 
in  the  niiile  than  in  the  female.  On  either  side  of  the  ponium  Adami  are  i! 
of  th(i  thyroid  cjirtilage,  while  between  the  latter  and  the  hyoid  bone  is  tlie 
hyoid  membrane.  In  the  operation  of  suh-hyoid  jthanivgotomy  tliu  epiglott; 
the  superior  oi»ening  of  the  larynx  are  reached  by  passing  through  the  ai 
wall  of  tlic  pharynx  at  the  level  of  the  thyro-hyoid  membrane.  The  stru 
divided  from  without  inwards  are:  the  integuments,  the  sterno-hyoid,  omo- 
and  thyro-hyoid  muscles,  the  middle  portion  of  tlie  tliyro-hyoid  membrane, 
with  a  layer  of  fat  between  it  and  the  lower  part  of  the  epiglottis,  and,  t 
the  glosso-e])iglottidean   ligament  and  fold  of  mucous  membrane.      Tlie  ir 
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must    not    be  extruded  too  far  on  cither   side  of  the  mesial  plane    for  fi 
wounding  the  superior  laryngeal  vessels  and  nerve  which  pierce  the  thin  1 

portions  of  the  thyro-hyoid  membrane. 

The  w(Jiiinl  ill  .^iiiridnl  cii.t-fhr(>uf  is  gf-i Morally  at  this  levi'l.  Tlu*  more  iDi}x>r1ant  #ln 
wliicli  arc  u>iially  diviiltMl  aiv  :  inuie  or  l«.>s  uf  tlu*  left  t>tenio-iiia«toid  Diuecle,  the  s* 
thyroid  vrs.-ilf-,  tTK- tliyro-liyoid  iiu-iiduam-,  ihi*  l>a?:e  cf  the  o]»ipIottiB,  and,  less  frtqueotl 
carotid  v(s-tl.«,  the  iiitt-nial  jiigidar  vein,  and  tlu?  Biipcrior  lar^'iigeal  nerve.     When  thei 


1252 


SURFACE  AND  SURGICAL 


process  of  the  sixth  cervical  vertebra.  The  comm 
pressed  against  this  tubercle,  which  is  therefore  ten 
it  is  the  most  important  guide  to  the  vertebral  artei 
its  transverse  process,  it  is  often  referred  to  as  the  " 
In  operations  in  this  region,  on  the  left  side 
thoracic  duct,  which  extends  upwards  into  the  nee! 
inner  end  of  the  clavicle,  and,  after  arching  outwai 
descends  behind  the  lower  inch  of  the  internal  jugn 
The  cervical  portion  of  the  oesophagus,  which  be 
cartilage,  descends  behind,  and  a  little  to  the  left  oi 
surgeon,  after  passing  through  the  above-mentic 
between  tlie  trachea  and  the  carotid  sheath;  or  i 
incision  in  the  middle  line,  the  trachea,  which  is  frc 
the  right  side.  In  opening  the  oesophagus  care  m 
recurrent  larsmgeal  nerve  which  ascends  in  the  groo 
and  also  that  the  loose  submucous  cellular  interval 
lumen  of  the  tube.  The  recun-ent  laryngeal  n 
operations  connected  with  the  thyroid  gland ;  it  is  i 
the  application  of  a  ligature  to  the  inferior  thyroid 
front  of  the  nerve  to  reach  the  posterior  surface  c 
lateral  aspects  of  the  cervical  portions  of  the  trachet 
lymphatic  glands  which  receive  their  efferent  vei 
(esophagus,  and  thyroid  body.  The  efferent  vessels 
inferior  carotid  or  subclavian  glands. 

The  Posterior  Triangle. — Imbedded  in  the  dee 
])order  of  the  sterno-mastoid  muscle,  is  a  chain  of 
close  relation  to  the  spinal  accessory  nerve  and  t 
plexus ;  these  glands  are  a  frequent  source  of  abscof 
the  scalp.  The  posterior  belly  of  the  omo-hyoid,  w 
of  the  supraclavicular  division  of  tlie  posterior  trian< 
])order  of  the  sterno-mastoid  at  a  point  about  one 
external  jugular  vein,  usually  visible  through  the  ski 
of  the  jaw  to  the  middle  of  the  clavicle  ;  it  is  the  v 
to  relieve  the  right  side  of  the  heart  in  asphyxia, 
patent  where  it  pierces  the  fascia  of  the  subclavian 
vein  ill  this  situation  is  liable  to  be  followed  by  the 
tion  during  iusjaration.  The  third  part  of  the  subcl 
against  the  first  rib  by  pressing  downwards  and  ba 
clavicle,  a  little  l^eliind  the  posterior  border  of  the  si 
out  tlie  course  of  the  sulx'lavian  artery  in  the  neck, 
IVom  the  upper  border  of  the  sterno-clavicular  art 
clavicle,  the  highest  part  of  the  arch  to  reach  from 
li(/afure  the  vessel  in  the  third  part  of  its  course,  an 
the  middle  of  the  upper  bolder  of  the  clavicle  and 
l)order  of  the  sterno-mastoid  muscle.  The  most  imj 
the  ])Osterior  belly  of  the  omo-hyoid,  the  outer  bon 
the  scalene  tubercle  of  the  first  rib.  The  close  relai 
trunk  of  the  brachial  plexus  and  to  the  cervical  pie 
the  rare  instances  in  which  a  cervical  rib  is  present 
in  front  of  it,  or  arches  above  it,  according  to  the  dc 
Tlie  subclavian  vein  lies  below,  and  anterior  to,  the  a 
the  clavicle. 

Entering  the  posterior  triangle  from  behind  th 
ariticus  are  the  trunks  of  the  brachial  plezns.  They 
ami  can  be  felt  through  the  skin  immediately  abo\ 
the  subclavian  artery.  The  anterior  primary  divis 
su]>plies  the  rhomboids,  the  abductors  and  externa 
flexors  and  supinators  of  the  forearm;  that  of  the  si 
and  internal  rotators  of  the  arm,  and  the  extensors 
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that  of  the  seventh  the  llexors  and  extensors  of  the  wrist ;  that  of  the  eighth  the 
flexors  and  extensors  of  the  fingers ;  that  of  the  tirst  dorsiil  all  the  small  muscles 
of  the  hand.  The  carotid  tubercle  lies  between  the  anterior  primary  divisions  of 
the  sixth  and  seventh  cervical  nerves.  The  fifth  and  sixth  cervical  nerves  are  those 
which  suffer  most  when  the  plexus  is  injured  by  forcible  depression  of  the  shoulder 
while  the  head  is  bent  to  the  opposite  side,  such  as  occurs,  for  instance,  in  the 
"  Obstetrical  Paralyses  "  of  Duchenne. 

To  expose  the  trunks  of  the  brachial  plexus  an  incision  is  made  from  the 
junction  of  the  middle  and  lower  thirds  of  the  posterior  border  of  the  sterno-inastoid 
downwards  and  outwards  to  the  junction  of  the  outer  and  middh*  thirds  of  the 
clavicle. 

In  the  middle  line  of  the  neck  posteriorly  is  the  nuchal  furrow,  at  the  l>ottom 
of  which  are  the  cervical  spines  and  the  ligamentum  nuchic.  At  the  upper  part  of 
the  furrow,  about  two  inches  below  the  external  occipital  protuberance,  is  the  large 
spine  of  the  axis,  which  can  be  distinctly  felt ;  a  line  drawn  from  it  outwards  and 
slightly  upwards  to  the  transverse  process  of  the  atlas  corresponds  to  the  position  of 
the  inferior  oblique  muscle  and,  therefore,  to  the  lower  margin  of  tlie  sub-occipital 
triangle.  The  course  of  the  deep  part  of  the  great  occipital  nerve  may  be  mapped 
out  by  drawing  a  line  from  the  centre  of  the  above-mentioned  line  to  a  point  one 
inch  external  to  the  external  occipital  protuberance.  At  the  floor  of  the  sul)- 
occipital  triangle  is  the  posterior  arch  of  the  atlas  upon  which  the  vertebral  artery- 
lies. 

THE   THORAX. 

For  the  convenience  of  topographical  description,  clinicians,  by  the  use  of 
vertical  and  transverse  lines,  have  arbitrarily  divided  the  surface  of  the  chest  into 
certain  definite  regions  or  areas.  The  vertical  lines  are :  the  mid-sternal ,  the 
lateral  sternal,  the  para-stei'nal ,  the  mammari/  or  mid-clavicular,  the  anterior,  midy 
and  posterior  ouxyillary,  and  the  scapular.  The  position  of  the  mid  and  lateral 
sternal  lines  is  sufficiently  indicated  by  their  names. 

The  mammary,  better  termed  the  mid-clavicular,  is  drawn  vertically  down  from 
the  centre  of  the  clavicles,  or,  what  comes  to  practically  the  same  thing,  from  a  point 
midway  between  the  centre  of  the  supra-clavicular  notch  and  the  tip  of  the  acromion 
process.  In  the  male  this  line  usually  lies  i  to  J  in.  internal  to  the  centre  c)f  the 
nipple,  which  is  usually  placed  over  the  fourth  interspace,  or  fifth  rib,  four  inches 
from  the  middle  line.  In  the  child  the  nipple  may  be  as  high  as  the  lower  border 
of  the  third  rib.  In  the  female  the  position  of  the  nipple  is  so  variable  that  it  is 
of  no  topographical  value.  In  a  well-proportioned  subject,  tlie  mid-clavicular  line, 
if  prolonged  downwards,  will  be  found  to  be  continuous  with  the  vertical  Poupart 
line,  which  crosses  the  costal  margin  at  the  tip  of  the  ninth  costal  cartilage. 

The  para-sternal  line,  drawn  midway  between  the  lateral  sternal  and  mid- 
clavicular, crosses  the  costal  margin  op|)osite  the  tip  of  the  eighth  costal  cartilage. 

The  anterior,  the  mid,  and  the  posterior  axillary  lines  are  res|)ectively  drawn 
downwards  from  the  anterior  fold,  the  apex,  and  the  posterior  fold  of  tln'  axilla. 

Tlie  scapular  line  is  drawn  perpendicularly  through  the  inferior  angle  of  the 
scapula. 

Of  the  two  transverse  lines,  the  upper,  which  separates  the  infra-clavicular  and 
supra-sternal  regions  from  the  mammary  and  infra-sternal  regions,  is  drawn  at  the 
level  of  the  third  chondro-sternal  articulation  :  the  lower,  which  sf])arates  the 
mammary  and  infra-mammary  regions,  is  drawn  at  the  level  of  the  sixth  chondro- 
sternal  articulation. 

The  lateral  arcii  of  the  chest  is  divided  into  an  u])per,  or  axillary,  and  a  lower,  (»r 
infra-axillary  region,  by  a  horizcmtal  line  drawn  at  the  level  of  the  sixth  rib. 

In  muscular  subjects  there  is  a  well-markcil  mesial  furrow,  the  sternal  furrow, 
between  the  sternal  origins  of  the  pectoralis  major  muscles.  The  inner  \mx{  of  the 
lower  l)order  of  these  muscles  forms  a  curved  prominence  whicli,  overlying  the 
fifth  rib,  corresponds  to  the  junction  of  the  niannnavy  and  iuVra-nuumuary  regions. 
Below  this  prominence  is  the  infra-maummry  re<ri<>ii»  w\\\cb  \'on\\H  iv  souiewlmt  flat 
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lurface  corresponding  to  the  upper  part  of  the  rectus  muscle.  In  the  axillary  and 
nfra-axillary  regions  are  the  prominences  caused  by  the  digitations  of  origin  of  the 
lerratoB  magnus,  the  first  to  appear  below  the  pectoralis  major  being  that  which 
.prings  from  the  fifth  rib. 

The  upper  border  of  the  Btemum  lies  in  the  same  horizontal  plane  as  the  lower 
x)rder  of  the  body  of  the  second  dorsal  vertebra,  the  distance  between  the  two  being 
ibout  two  inches.  The  junction  of  the  manubrium  and  the  body  of  the  sternum 
brms  a  slight  prominence  or  angle,  known  as  the  angulus  Ludovici,  which, 
ilthough  not  usually  visible,  may  always  be  felt.  The  angulus  lies  in  the  same 
)lane  as  the  body  of  the  fifth  dorsal  vertebra. 

The  ziphi-Bternal  junction  corresponds  to  the  disc  between  the  ninth  and  tenth 
[oraal  vertebrae.  Immediately  below  the  xiphi-sternal  articulation  is  the  infra- 
temal  notch,  formed  by  the  junction  of  the  seventh  costal  cartilages  with  the 
temum.  Below  the  notch  is  the  epigastric  fossa  or  triangle,  bounded  laterally  by 
he  seventh  costal  cartilages.  The  apex  of  the  triangle  forms  an  angle  which  varies 
onaiderably  according  to  the  shape  of  the  chest,  the  average  being  about  70°.  Not 
nfrequently  the  eighth  costal  cartilage  articulates  with  the  sternum. 

Fiactore  of  the  stemoin  is  rare,  and  geneially  occurs  at  or  close  to  the  Junction  uf  the  manu- 
irium  and  the  body ;  it  may  occur  either  from  airect  violence,  or  indirectly  along  with  fracture 
f  the  spine.  Unlike  that  of  the  ribs,  the  periosteum  covering  the  sternum  is  firmly  adherent 
o  the  bone. 

The  ribs,  which  in  well-nourished  subjects  cause  no  surface  prominences,  are 
■eadily  visible  in  thin  persons ;  in  the  obese  they  are  very  difficult  to  feel.  In 
K>unting  the  ribs  from  the  front,  the  second  may  always  be  identified  by  its  relation 
&o  the  angulus  Ludovici  The  Jirst  rib  is  to  a  large  extent  under  cover  of  the  clavicle. 
The  lower  border  of  the  pectoralis  major  and  the  first  visible  digitation  of  the 
aerratus  magnus  afford  reliable  guides  to  the  Jifth  rib.  The  infra-sternal  notch  is 
the  guide  to  the  inner  end  of  the  seventh  costal  cartilage.  The  second  and  third 
costal  cartilages  are  almost  horizontal;  below  this  the  cartilages  ascend  with 
increasing  obliquity,  that  of  the  sixth  being  the  first  to  present  a  distinct  angle. 
The  inner  end  of  the  second  intercostal  space  is  the  widest,  while  those  of  the  tilth 
and  sixth  are  very  narrow. 

The  costo-chondral  junctions  may  be  indicated  on  the  surface  by  a  line  drawn 
from  the  upper  end  of  the  para-sternal  line  to  a  point  a  finger 's-breadth  behind  the 
angle  of  the  tenth  costal  cartilage. 

The  internal  mammary  artery  crosses  behind  the  inner  ends  of  the  uppur  five 
intercostal  spaces  about  half  an  inch  from  the  edge  of  the  sternum ;  as  it  descends  it 
approaches  a  little  nearer  to  the  sternum.  The  vessel  is  accompanied  by  two  veins 
which  unite  to  form  a  single  vein  opposite  the  second  interspace. 

Tliis  artery  is  occasionally  injured  in  punctured  wounds  of  the  chest  At  the  st'cond  ur  third 
intercostal  space  it  is  easily  ligatured  through  a  transverse  incision,  but  at  a  lower  level  it  is 
generally  necessary  to  resect  a  portion  of  one  of  the  costal  cartilages. 

THE  LUNGS. 

The  apex  of  the  lung  extends  upwards  into  the  root  of  the  neck  for  a  distance 
o{  one  to  two  inches  above  the  anterior  extremity  of  the  first  rib,  and  is  mapped  out 
by  a  curved  line  drawn  from  the  upper  border  of  the  sterno-clavicular  articulation 
across  the  sterno-mastoid  to  the  junction  of  tlie  inner  and  middle  thirds  of  the 
clavicle,  the  highest  part  of  the  curve  reaching  from  i  to  li  in.  above  the  clavicle. 
The  apex  of  the  right  lung  reaches  half  an  inch  higher  than  that  of  the  left  lung. 
Intimately  related  to  the  apex  of  the  cervical  pleura  are  the  subclavian  artery  and 
the  inferior  cervical  ganglion  of  the  sympathetic. 

Both  the  cerTical  pleura  and  the  labclavian  artery  may  Ije  injured  by  one  of  the  fnigmcnts  in 
a  fifacture  of  the  clavicle ;  the  scaleni  muscles,  however,  affording  considerable  protection  to  the 
former.  In  ligaturfng  the  third  part  of  the  sulxilaviaii  artery,  care  must  be  taKen  not  to  injure 
the  cervical  pleura. 

To  delineate  the  anterior  border  of   the  ri4i^^  ^^"M5»  draw  a  ^^^^  ^^om  t.he  upper 
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SUEFACE  AND  SUEGICAL  ANATOMY. 


Iiitcniiil  to  the  outer  edge  of  the  erector  spina)  the  pleural  reflection  lies  belu 
level  of  the  twelfth  rib,  aud  not  infrequently  descends  as  far  as  the  transverse  {m 
of  the  first  lumbar  vertebra. 

On  the  n)/hf  .side  the  posterior  mediastinal  pleura,  as  it  i)a8ses  from  the  pn^ 
aspect  of  the  pericardium  backwards  to  the  front  of  the  vertebral  column  sweejw  ov( 


Cms  of  (liaiihni;ii 


Cms  of  «U:ixi1)ra>!ii) 


I.i.u'tiii>'ntinii  Jirr'iiqtiLifii 


I>uit>Inn^iiJ 


.VAcendlng  colon 


Fk;.  906.—  Dissection  kh(»m  hehind  to  show  the  rei^xtion  ok  the  t^o  Pleural  Sacs  to  the  Kii 
Outline  of  upper  portions  oi  kidneys  iudicatetl  by  dotted  Hues  (from  CuDDiugham). 


right  side  of  the  oesophagus ;  hence  malignant  ulcers  of  the  OBsophagus  are  more  1 
to  invade  the  right  pleura  than  the  left.  On  the  left  side  the  posterior  mediastinal  p 
passes  from  the  lateral  aspect  of  the  bodies  of  the  vertebrse  on  to  the  left  side  o 
aorta.  Hence,  to  evacuate  pus  from  the  posterior  mediastinum,  there  is  less  ri 
«)pcning  the  pleura  if  the  space  be  entered  from  the  left  side  of  the  vertebral  eolunu 
The  seat  of  election  for  tappin(f  the  pleura  {paracentesis  2>feurcB)  is  the  sixth  or  se 
costal  interspace  a  little  in  front  of  the  posterior  axillary  fold.  To  allow  of  the  inti 
lion  of  a  tube  to  drain  away  the  pus  from  the  pleural  cavity  in  empyema,  a  portion  < 
of  the  ribs  (sixth  to  ninth)  is  resected.  The  intercostal  vessels  and  nerves,  nrhich  lie 
gi'oove  at  the  lower  border  of  the  rib,  are  avoided  by  removing  the  portion  of  bou< 
periosteally.  If  the  chest  is  opened  in  the  scapular  line  care  must  be  taken  not  to  i 
either  the  seventli  or  the  eighth  ribs,  which  are  exposed  when  the  arm  is  elevate( 
overlapped  by  the  angle  of  the  scapula  when  the  arm  is  lowered. 


Anteriorly,  the  bifurcation  of  the  trachea  lies  at  or  a  little  l)elow  the  an^ 
Jjudovici,  while  posteriorly  it  lies  a  little  below  the  level  of  the  root  of  the : 
of  the  scapula,  opposite  the  fourth  dorsal  spine.  The  bifurcation  takes  place 
\  ertebra  hi^dier  in  the  infant  than  in  the  adult  (Symington). 

The  septum  between  the  right  and  left  bronchi  lies  a  little  to  the  left  o 
middle  of  the  trachea,  and  the  right  bronchus  is  wider  and  more  nearly  in  a 
with  the  trachea  tlian  the  left  bronchus,  hence  the  greater  tendency  of  fui 
bodies  to  enter  the  former. 

The  roots  of  the  lungs  are  situated  opposite  the  fourth,  fifth,  and  sixth  d 
spines,  midway  between  them  and  the  vertebral  borders  of  the  scapulse. 

Tlu'  lowt  r  end  of  the  trachea,  the  bninchi,  the  vagi,  and  the  left  recurrent  laryngeal  i 
arc  all  mort-  or  le>s  surrounded  by  lymi)hatic  glands,  which,  when  enlarged,  may  exert  iuji 

pressure  upon  them. 


» 
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lu  tapping  the  pericardium  (paraccutesis  pericardii)  the  pleura  will  be  avoided  by 
the  puncture  through  the  fifth  or  sixth  left  intercostal  space  as  close  as  possible  to  the  ec 
sternum.  When,  however,  the  pericardial  sac  is  distended  with  fluid,  the  pleura  is  pu 
wards,  and  will  therefore  escape  injury  if  the  puncture  be  made  at  a  safe  distance  exten 
internal  mammary  vessels,  viz.  one  inch  external  to  the  left  border  of  the  atemum. 

To  establish  free  drainage  in  suppurative  pericarditis,  the  sixth  left  coetal  cartilage 
resected  and  the  internal  mammary  vessels  ligatured ;  the  triangularis  stemi  and  tn 
reflection  are  then  pushed  aside  ana  the  pericardium  exposed  and  incised. 

The  ascending  aorta  lies  behind  the  sternum,  opposite  the  second  and  th 

and,  unless  dilated,  does  not  project  Ix^youd  its  right  border.     The  upper  b 

the  aortic  arch  lies  at  or  a  little  above  the  centre  of  the  manubrium  stemi 

child  the  vessel  may  reach  as  high  as  the  upper  border  of  the  manubrium. 

r  I  The  innominate  and  left  common  carotid  arteries  diverge  from  either  aid 

,  I  mesial  plane  between  the  upper  part  of  the  manubrium  stemi  and  the  froi 

1 1  :  trachea.     A  pin  pushed  directly  backwards  immediately  above  the  middle 

,  j  ^  supra-sternal  notch  will  strike  the  inner  border  of  the  innominate  arterj 

f ;  below  its  bifurcation. 

The  pulmonary  artery  lies  behind  the  left  border  of  the  sternum  oppc 
second  interspace  and  the  second  costal  cartilage, 
f '  The  left  innominate  vein  lies  behind  the  upjxjr  part  of  the  manubriuB 

1  the  right  behind  the  inner  end  of  the  right  clavicle.     The  superior  vena  ( 

|..  immediately   to    the    right    of   the    margin  of   the   stemum,    opix>site  t 

and  second  interspaces  and  the  intervening  second  rib ;  its  opening  into  tl 
auricle,  behind  the  third  chondro-sternal  articulation,  corresponds  to  the  a 
the  root  of  the  right  lung. 

(Esophagus. — The  average  length  of  the  oesophagus  in  the  adult  is 
(25  cm.) ;  the  distance  from  the  incisor  teeth  to  its  commencement  is  6  in. ; 
l)oint  or  level  where  it  is  crossed  by  the  left  bronchus,  9  in. ;  to  the  oeso] 
h  oy)ening  of  the  diaphragm,  14  to  15  in. ;  to  the  cardiac  orifice  of  the  stomaeti 

These  measurements,  which  are  of  great  importance  in  diagnosing  the 
(esophageal   oljstructions,  should   be   marked  off  from   below  upwards   uj 
oesophageal  bougies  and  probangs.     Posteriorly,  the  oesophagus  extends  fr 
^i-  level  of  the  sbcth  cervical  spine  to  that  of  the  tenth  dorsal,  a  little  to  the 

:.f  which  is  the  situation  at  which  the  stethoscope  is  placed  in  order  to  hear  the 

's'  -  produced  by  the  jmssage  of  fluid  into  the  stomach. 

Clinically  it  is  important  to  )>ear  in  mind  the  relation  of  the  (Bsophagus  to  the  tiac 

.  .  lift  brouchuij,  to  the  left  recurrent  laryngeal  nerve,   to  the  bronchial  and   posterior 

^i  tinal  glands,  to  the  descending  thoracic  aorta,  and  to  the  right  posterior  mediastinal 

A* '  Ulcers  of  the  oesophagus  are  liable  to  open  into  either  the  ti-acnea,  the  left  bronchiu: 

'  j  right  pleura. 

I  The  veins  of  the  lower  end  of  the  oesophagus  open  partly  into  the  systemic  veins  and 

.  i  into  the  portal  system  ;  like  those  at  the  lower  end  of  the  rectum  they  are  liable  to 

■  I  varicose  in  conditions  which  give  rise  to  chronic  interference  with  the  jwrtal  circulation. 
*}  I  The  lymphatics  of  the  upper  part  of  the  oesophagus  open  into  the  lower  carotid  glai 

jjj  remainder  into  the  posterior  mediastinal  glands. 
^Ij.j  The  a^sophagus  is  very  distensible  in  the  transverse  but  not  in  the  an tero -posterior  di 

J';  hence  the  most  useful  forceps  for  removing  foreign  bodies  from  the  oesophagus  are  those  whi 

7  laterally. 

i 

•i4  THE  ABDOMEN. 


TlIK  ANTERIOR  ABDOMINAL  WALL. 


, . .  The  couliguration  of  the  abdomen  varies  with  the  age,  sex,  obesity,  and  mu 

J,;  development  of  the  individual.     In  the  child  it  is  wider  above  than  below, 

fljj  the  converse  is  the  case  in  the  adult  female.     It  is  most  prominent  in  the  rej 

(3,  the  umbilicus,  which  is  situated,  normally,  below  the  mid-point  between  the 

\u  sternal  notch  and  the  symphysis  pubis,  usually  a  Httle  below  the  level  of  the  h 

uT  part  of  the  iliac  crest,  and  opposite  the  middle  of  the  body  of  the  fourth  li 

r  vertebra.     In  the  ol)ese,  and  es^^ecially  when  the  aMominal  muscles  have  lost 

I';.  tone,  the  umbilical  region  becomes  prominent  and  more  or  less  pendulous,  b 

' '  the  umbilicus  may  come  to  lie  considerably  below  the  normal  level     In  tbe 
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.  is  relatively  lower  than  in  the  adult,  in  consequence  of  the  undeveloped  state  of 
le  pelvis. 

Li  spare  subjects  the  lower  end  of  the  body  of  the  sternum,  the  xiphoid  carti- 
ge,  and  the  costal  margin,  can  readily  be  traced.  The  slight  depression  or  notch 
)rmed  by  the  seventh  costal  cartilages  and  the  lower  border  of  the  body  of  the 
»mum  is  termed  the  infrastemal  notch.  Below  the  notch,  and  bounded  on  either 
de  by  the  seventh,  eighth,  and  ninth  costal  cartilages,  is  the  infracostal  angle, 
hich  varies  considerably  according  to  the  shape  of  the  chest ;  it  is  relatively  wider 
L  the  child  than  in  the  adult.  The  lower  border  of  the  curve  of  the  tenth  costal 
irtilage  is  easily  recognisable,  and  has  been  selected  by  Cunningham  as  the  level 
r  the  plane  of  separation  (infracostal  plane)  between  the  upper  aud  middle  abdo- 
dnal  zones. 

The  anterior  abdominal  wall  is  limited  below  by  the  fold  of  the  groin  and  the 
rest  of  the  pubes.  In  a  spare  muscular  subject  the  recti,  the  furrows  corre- 
[K)nding  to  the  linesB  transversa,  and  the  supra-umbilical  portion  of  the  linea  alba, 
m  be  readily  made  out.  When  the  outline  of  the  rectus  is  not  visible  the  outer 
order  may  be  indicated  by  a  line  drawn  from  the  tip  of  the  ninth  costal  cartilage 
>  the  mid-point  of  a  Une  joining  the  umbilicus  and  the  anterior  superior  iliac 
^ine,  and  from  thence  to  the  pubic  spine.  In  the  angle  between  the  outer  border 
f  the  rectus  and  the  ninth  costal  cartilage,  on  the  right  side,  is  a  slight  triangular 
epression  which  overlies  the  fundus  of  the  gall-bladder.  Between  the  lower  part 
f  the  outer  border  of  the  rectus  and  the  prominence  above  the  anterior  part  of  the 
iac  crest,  caused  by  the  lower  muscular  fibres  of  the  external  oblique,  is  another 
ight  triangular  depression,  which  corresponds  to  the  lower  and  narrow  part  of 
le  aponeurosis  of  the  external  oblique  muscle. 


ObliquuH  exteruufl 

ObliqaoM  intemns 

Obliquus  interniiH  (cut) 
Deep  circumflex  fllac  artery 

Internal  ab<l(>ininal  ring  and 
infundibuUforni  fascia 

Crema8ter  muscle 
Obliquus  extemus 

8i>eni)atic  conl  possinj? 
through  creina!)t«!r  muscle 


rbll*iili]i  lnt'>niu8  (cut) 

'TtttFuiveMtJiLiM  niUHcIe 
Ov*f  deep  L^iFigaHtnc  arU-ry 

Ffti«cia  trftnnvenuiliH 

tk^p  ^[ji^iiAlric  artery 

i'lj^ioiiit  t*'H"lon 

Uvt-t  cJdter  tnonlor  of  rectus  abdoniinis 

TrliLitt^Nliir  l^uifia 


[o.  912. — Thk  Groin.     The  structures  seen  on  reflexion  of  part  of  the  obliquus  intemus  (A.  M.  Paterbon). 

Close  above,  and  almost  parallel  to,  the  inner  half  of  Poupart  s  ligament  is  tlie 
igninal  canal,  traversed  by  the  spermatic  cord  (Fig.  912;;  the  latter  can  be  felt 
)  emerge  at  the  external  abdominal  ring  immediately  above  the  pubic  spine, 
he  external  and  internal  abdominal  rings  have  been  fully  described  elsewhere ;  the 
)rmer  is  triangular  in  shape,  with  its  apex  directed  upwards  and  outwards,  and  its 
ase  immediately  above  the  pubic  crest.  By  invaginating  the  skin  of  the  scrotum 
iie  little  finger  may  readily  be  passed  through  the  ring  into  the  canaL  It  is 
3  be  noted  that  the  neck  of  an  inguinaX  hernia  lies  above  the  pubic  spine, 
rhereas  the  neck  of  d,  femoral  hernia  emerges  below  the  inner  end  of  Poupart's 
igament,  external  to  the  pubic  spine.  The  internal  abdominal  ting,  an  opening 
a  the  fascia  trausversalis,  lies  half  an  inch  above  a  point  a  ^tUe  internal  to  the 

00 
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middle  of  Poupart's  ligament.  The  deep  epigastric  artery  may  be  mapped  oui 
drawing  a  line  from  a  point  midway  between  the  anterior  superior  iliac  spine 
the  symphysis  pubis  towards  the  umbilicua  The  vessel,  together  with  the  i 
thii'd  of  Poupart  s  ligament  and  the  lower  part  of  the  outer  border  of  the  re 
bounds  a  triangle  known  as  Hesselbach's  triangle.  As  the  deep  epigastric  a 
passes  upwards  and  inwards  to  disappear  behind  the  conjoined  tendon  and 
outer  border  of  the  rectiw,  it  lies  behind  the  spermatic  cord  immediately  int 
to,  and  below,  the  internal  abdominal  ring.  The  floor  of  Hesselbach's  trianj 
formed  throughout  by  the  fascia  transversiiUs,  superficial  to  whicli,  over  the 
half  or  so  of  tlio  triangle,  is  the  coi^joined  tendon.  An  oblique  inguinal  hernia  I 
the  abdomen  at  the  internal  abdominal  ring  and  traverses  the  whole  leng 
the  inguinal  canal ;  its  coverings  are  therefore  the  same  as  those  of  the  sper 
cord,  and  the  neck  of  the  sac  lies  external  to  the  deep  epigastric  artery,  heno 
variety  of  hernia  is  also  termed  an  external  inguinal,  kernia.  A  direct  iiu 
hernia,  on  the  other  hand,  instead  of  traversing  the  whole  length  of  the  ing 
canal,  pushes  before  it  that  part  of  its  posterior  wall  which  is  formed  by  the 
of  Hesselbach's  triangle.  The  neck  of  the  sac,  therefore,  lies  internal  to  the 
epigastric  artery,  and  this  variety  of  hernia  may  be  termed  an  internal  ing 
hernia.  If  a  direct  hernia  makes  its  way  through  tlie  inner  jiart  of  Hessell 
triangle,  it  derives  a  covering  from  the  conjoined  tendon  as  well  as  from  the  : 
transversalis ;  if  tlirough  the  outer  part  of  the  triangle,  the  outer  edge  of  the 
joined  tendon  curves  round  the  inner  side  of  the  neck  of  the  sac.  To  rehev 
constriction  at  the  neck  of  the  sac,  in  the  case  of  an  oblique  inguinOrl  hernia,  the 
of  the  knife  is  directed  upwards  and  outwards  to  avoid  the  deep  epigastric  a; 
while  in  a  direct  her  ma  tlie  artery  is  avoided  by  dividing  the  constriction 
upward  and  inward  direction.  In  an  oblique  inguinal  hernia  the  sac  Ues  \v 
the  infundibuliform  fascia  (fascia  propria  of  the  hernia),  whereas  in  a  direct  h 
the  fascia  propria  is  derived  from  the  fascia  transversalis  of  Hesselbach's  tria 
The  extra-peritoneal  i'at  which  covers  the  outer  surface  of  the  hernial  sac  is  s 
times  hypertrophied  to  such  an  extent  as  to  amount  to  a  fatty  tumour. 

In  a  large  pn)p()rtion  of  cliildren  at  birth  the  ftinicular  process  of  peritOE 
which  connects  the  tunica  vaginalis  testis  mth  the  abdominal  peritoi] 
especially  on  the  right  side,  is  still  patent.  Should  the  bowel  force  its 
along  the  patent  process  a  congenital  inguinal  hernia  arises.  In  the  majori 
llic  cases  of  congenital  inguinal  hernia  it  will  be  found  that  the  tunica  vag 
testis  has  l)eon  shut  off  ]»y  closure  of  tlie  lower  part  of  the  funicular  process, 
the  upper  part  remaining  patent  and  forming  the  sac  of  tlie  hernia.  In  rega 
the  operation  for  the  cure  of  inguinal  hernia,  it  should  be  borne  in  mind  tl 
the  acquired  form  the  hernia  produces  the  sac,  whereas  in  the  congenital  V8 
the  sac  is  the  cause  of  the  hernia ;  it  follows,  therefore,  that  iu  the  operatic 
iicquired  hernia  the  closure  of  the  canal  is  as  important  as  the  removal  or  ol>l 
tion  of  the  sac,  while  in  a  congenital  hernia  the  most  essential  part  of  the  opei 
is  the  closure  of  the  neck  of  the  sac,  and  aa  the  muscular  and  fascial  appa 
I'orming  the  walls  of  the  canal  are  well  developed,  they  should  be  interfered 
as  little  as  j^ossible.  A  patent  funicular  process  may  persist  during  adul 
without  any  bowel  descending  into  it ;  on  the  other  hand,  years  after  birth,  1 
may  suddenly  enter  it.  In  practically  all  obhque  inguinal  hernite,  which  de 
suddenly  in  chilchen  as  well  as  in  adolescents  and  young  adults,  tlie  sac 
congenit-al  origin. 

In  the  onlinjiry  form  of  hydrocele  the  fluid  is  confined  to  the  tunica  vagiiialis 
Init  when  the  funicular  {H)rtion  of  the  processus  vaginalis  remaius  patent,  the  hyd 
may  extendi  upwards  into  tlie  inguinal  canal,  and  may  or  may  not  communicate  wit 
general  pcrituneal  cavity.  In  the  condition  known  as  encysted  liydrocele  of  the  cor 
})atent  fuuicuhir  process  is  shut  oif  both  from  the  tunica  vaginalis  testis  and  froi 
peritoneal  cavity 

Parallel  to  and  ai  the  level  of  the  outer  half  of  Poupart's  ligament  is  the 
circumflex  iliac  artery.  In  dividing  the  abdominal  wall  to  reach  the  stnictm 
the  iUac  fossae,  the  incision  should  be  made  in  the  an^^lo  between  this  vessel  an< 
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deep  epigastric  artery.  To  lessen  the  risk  of  ventral  hernia  tlie  muscles  should  be 
split  in  the  direction  of  their  fibres — the  aponeurosis  of  the  external  obUque  from 
above  downwards  and  inwards,  the  muscular  fibres  of  the  int^^rnal  obliipie  and 
transversalis  horizontally.  An  incision  through  the  abdominal  wall  parallel  to  the 
out^^r  border  of  the  rectus  has  the  great  disadvantage  of  dividing  the  abdominal 
termioations  of  the  lower  intercostal  nerves,  which  run  parallel  to  a  line  extendini: 
from  the  tenth  costal  cartilage  to  the  umbilicus. 

The  middle  line  is  the  site  usually  selected  by  the  surgeon  to  open  the  abdomen. 
The  points  of  surgical  importance  to  be  noted  in  connexion  with  the  linea  alba  are : 
(1)  that  its  blood  supply  is  scanty;  (2)  that  it  Ls  considerably  wider  above  than 
below  the  umbilicus,  where  the  two  edges  of  the  recti  lie  in  close  apposition ;  (8) 
that  above  the  umbiUcus  the  fascia  transversalis  and  linea  al]>a  are  adherent,  so 
that  the  two  form  practically  rme  membrane;  (4)  that  the  extra-peritoneal  fat  is 
more  abundant  l>eneath  the  linea  alba  than  to  either  side  of  it :  (5)  that  above  the 
putes  the  fascia  transversalis  recedes  from  the  linea  alba,  leaving  a  triangular  space 
occupied  by  fat  which  must  not  be  mistaken  for  the  extra-peritoneal  fat. 

The  pasterior  layer  of  the  rectal  sheath  ceases  at  the  fold  of  Douglas,  which  is 
situated  one-third  of  the  distance  from  the  umbilicus  to  the  pul)es.  The  tieshy  fil»res 
of  the  transversalis  muscles  extend  inwards  for  a  considerable  distance  behind  tiic 
upper  part  of  the  recti. 

THE  ABDOMINAL  CAVITY. 

To  simphfy  the  U^pography  of  the  abdominal  viscera  the  abdomen  is  arbitrarily 
divided  into  nine  regions  by  two  horizontal  and  two  vertical  planes.  Of  the  two 
horizontal  planes,  the  upper  (infracostal)  plane  is  at  the  level  of  the  lowest  part  of 
the  tenth  costal  cartilages ;  the  lower  (intertubercular)  plane  is  at  the  level  of  the 
tubercular  points  of  the  iliac  crests.  The  two  vertical  planes  correspond  upon  the 
surface  to  a  line  drawn  vertically  upwards  on  either  side  from  a  point  midwa} 
between  the  anterior  superior  iliac  spine  and  the  pubic  symphysis.  Superiorly, 
these  vertical  planes  generally  strike  the  tip  of  the  ninth  costal  cartilages.  Th(» 
8ubdi\ isions  of  the  upper  zone  are  termed  the  epigastric,  and  riyht  and  left  hijiio- 
choiidriar,  regions,  of  the  middle  zone  the  timbilical  and  right  and  left  lumbar  regions, 
of  the  lower  zone  the  hypogastric  and  right  and  l^ft  iliac  regions.  The  epigastric, 
umbilical,  and  hypogastric  regions  may  be  further  divided  into  right  and  left 
halves  by  the  median  plane.  The  xiphisternal  junction  is  on  a  level  with  the  disc 
between  the  ninth  and  tenth  dorsal  vertebrae.  The  infracostal  plane  passes  through 
the  upper  part  of  the  third  lumbar  vertebra ;  the  intertubercular  plane  tiirough  tlie 
fifth  lumbar  vertebra,  alK)ut  one  inch  above  the  sacral  promontory.  The  umlnlicus 
is  usually  situated  from  one  to  two  inches  above  the  intertubercular  line. 

In  the  method  of  surface  topography  employed  by  Addison  the  plane  of  separa- 
tion between  the  superior  and  middle  abdominal  zones  is  placed  midway  between 
the  suprastiTnal  notch  and  the  upper  border  of  the  pubic  symphysis.  It  will  be 
found  to  lie  at  or  near  the  mid-point  l)etween  the  xiphisternal  junction  and  tin* 
umbilicus.  Posteriorly,  this  plane  strikes  the  lower  border  of  the  first  lumbar 
vertebra,  and  it  so  constantly  passes  through  the  pylorus  that  it  may  with  advantage 
l>e  termed  the  transpyloric  plane. 

.  The  peritoneal  cavity  may  be  regarded  as  a  large  and  complicated  lymph  sac 
which  is  intimately  related  to  the  abdominal  viscera,  and  more  especially  to  the 
gastro-intestinal  canal.  Inflammatory  infections  of  the  peritoneum  are  therefore 
almost  always  secondary  to  lesions  of  the  viscera.  The  peritoneal  lymj)h  sac  is 
brought  into  direct  communication  with  the  8u])peritoneal  lymphatics  of  tin* 
diaphragm  through  stomata  which  oi)en  upon  the  peritoneum  covering  the  under 
surface  of  that  muscle.  The  healthy  peritoneum,  in  virtue  of  the  vital  action  of 
its  endothelial  cells,  is  endowed  with  great  absorptive  ]>ro|>ertie8,and,  when  irritated, 
hjis  the  ],x)wer  of  throwing  out  an  abundant  exudation.  The  reHection  of  the 
peritoneum  and  its  relations  to  the  various  organs  have  \)een  elsewhere  fully 
described  (p.  1097). 

From  the  surgical  point  of  view  the  I^eritoneiil  cavity  iway  V>e  arbitrarily  divided 
into  four  great  subdivisions :  viz.  (1)  that  between  the  traiiwetHe  mesocolon  and  the 
85fl 
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j2)  that  betwa^u  the  tmiisverse  meBocolon  liud  the  mesentery  of  the 
itin© ;  (3)  tliat  between  the  mesentery  and  tho  true  pelvis ;  (4)  that  io 
belvis.  The  leaser  sac  of  the  peritoneum  may  be  looked  upon  m  a  divert i* 
i,the  first-mentitmeci  an  bdi vision, 

iitachiiient  of  the  traaisverse  mesocolon  to  tliti  poBterior  abdominal  wall  is 
Jrel  of  the  second  lumbar  vertebra,  and  liee,  therefore,  a  Httle  above  the 
Hl  plane.  The  attachment,  which  asceuda  slightly  aa  it  passes  from  right 
bases  the  right  kidney,  the  second  part  of  the  duodenum,  and  the  head  of 
ieas,  after  whieh  its  attachment  follows  the  anterior  border  of  the  pancreas, 
uneal  subdivision  above  this  atiajchment  m  roofed  in  by  the  diaphriigra,  and 
fclie  upper  j»art  of  the  greater  sac,  and,  hehiud  it,  the  larger  portion  of  the 
L  The  organs  related  to 
(of  the  |)eritoneum  are  the 
kg  with  the  bile  ducts  and 
ler^  the  stomach  and  part 
luodenum,  the  spletjn,  thd 
\  the  upper  jmrt  of  the 
jBnd  the  suprarenal  cap- 
pppuration  connected  witli 
lee  organs  is  liable  to  .spread  1 
^nder  the  cupola  ol'  the 
|p,proiiucing  what  is  known 
\tnic  iilmr&s.  The  routes 
|o  drain  this  region  of  the 
Lcavity  are  either  (1) 
■■Ulterior  alutominal  wall 
Kfotro* hepatic  or  gastro* 
pta  i  (2)  through  the  loins 
I  twelfth  riba;  (3)  throu|r!i 
I  wall,  the  lower  part  of  the 
Rvity,  smd  the  diaphnigm, 
fng  been  previously  taken 
tS.  the  drainage- track  from 
U  cavity.  This  subdivision 
ntoueal  cavity  may  l>ecouje 
&om  the  rest  of  the  space 
bn  of  the  great  omt^ntum 
Iritoneum  of  the  auterinr 
a  wall 

ttachment  of  the  mesentery 
ftall  intestlue  extends  from 
lide  of  the  .second  lumbar 
iidownwards  to  the  right 
^Fig.  744,  p.  1051).  The 
pat  may  be  mapped  out  on 
tice  by  drawing  a  line  from 
|i  Uie  transpyloric  line,  one 
)he  left  of  the  middle  line. 
I^id- point  of  a  line  drawn  Ful  wh,— Latjehak  AaricfT  or  TittrsiCj  RuawtKu  SuiirAcai 
II y  lietwcrt >n  the  right  an^  Toi^iJurBt  or  v*ri:.ia. 

berior  iliac  spine  and  the  ^^'  ?!«**^  l«"<^-  ^f-  ^^^'^  ^'^'''^^' 

fce.  The  $  a  hat  v  *  man  bet  wee  n 

mgp  mesoci}lo7i  and  ike  mesenienj  proper  ia  related  more  particularly  to  the 
l^pie,  the  e[ecum  and  vermiform  appemlix,  the  ascending  cnloD,  the  right 
[apart  of  the  right  kidney.  SuppnniLnm  in  connexion  with  the  organs  in 
jinvulveHinore  es^iecially  the  right  himbiir  region,  and  may  extend  upwards 
I  colon  into  the  aubdiaphragnuitiij  region,  or  do%vnwardi^  into  the  true  x>elvi3. 
I  this  region  a  tube  m  introduced  into  the  right  lundnir  region  either 
|he  anterior  abtiominal  wall  or  throut^h  Ih*^  riglit  loin. 
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The  peritoneal  i^uhJivision  he/ou'  the  mesentert/  corresponds  to  tlie  left  i 
left  lumbar,  and  left  iliac  regions,  and  is  related  to  the  duodeiio-jojunal 
llie  greater  part  of  the  small  intestine,  part  of  the  transverse  colon,  tli 
riexure,  the  descending  colon,  the  iliac  colon,  the  lower  part  of  the  left  ki 
left  ureter,  the  l<»\ver  j)art  of  the  alidominal  aorta,  and  the  common  iliac 
Su])puratinn  in  this  division  is  very  liable  to  extend  downwards  into  tl 
Drainage  may  be  est^aldished  1)V  tlie  introduction  of  a  tube  eitlier  thr 
anterior  a])dominal  wall  or  through  the  left  lumbar  region.  If  suppurati 
in  the  pelvis,  drainage  may  be  carried  out  through  the  anterior  abdoniinn 
in  the  case  of  the  female,  through  the  vagina. 

Liver. — Tlie  lotrer  horder  of  the  liver,  as  it  crosses  the  costal  angle,  cai 
be  determined  i>y  palpation  and  light  percussion;  it  passes  from  the  eigh 
the  tip  of  tlie  tenth  right  costal  cartilage,  and  crosses  the  mesial  plane  at 
of  the  trans})yloric  line.  In  the  mid-axil  la  ri/  line  it  reaches  down  to  i 
little  l)elow  the  lowest  part  of  the  tenth  right  costal  cartilage.  Above 
<o>;tal  margin  the  lower  l)order  passes  upwards  and  to  the  left  to  join 
extnanity  of  the  liver  at  the  liftli  int.erspace  in  the  mammary  line.  Th 
imrl  of  the  liver,  which  corresponds  also  to  the  highest  part  of  the  right  ai 
diaphragm,  reaches,  during  expiration,  to  the  level  of  the  fourth  iutenH>stal 
rhi»  mammary  line.  To  the  right  of  the  mesial  plane  the  iii)i;K3r  border  of 
is  loo  far  removed  from  the  anterior  wall  of  the  chest,  and  overlapped  by 
a  layrr  of  lung  substance,  to  be  accurately  determined  by  jKn'cii.ssiou.  i/< 
.^fcrihum.  the  upi)er  border  reaches  to  the  level  of  the  sixth  chondro-sternal  j 
To  the  left  of  the  mesial  plane  the  up|)er  limit  of  the  liver  cannot  l>e  de 
by  ]>ercussion  as  it  merges  into  the  cardiac  dulness.  The  falciform  ligame: 
liver  lies,  as  a  rule,  a  little  to  the  right  of  the  mesial  plane. 

Tht^.  anterior  surface  of  the  liver  may  be  reached  through  a  mesial 
4'xtending  downwards  from  the  ensiform  cartilage,  or  ))y  an  oblique  incision 
I  laeadth  lx*low  and  parallel  to  the  right  costal  margin.     To  obtain  free  aecc 

u])per  surface  the  eighth  and  ninth  costal  cartilages  must  be  rese<.*ted ;  tin 
cartilage  should,  if  possible,  be  avoided,  otherwise  the  pleural,  and  even  i 
canlial  cavity,  may  be  o])v.»ned.  Division  of  the  round  and  falciform  11 
allows  of  greater  downward  displacement  of  the  liver.  To  re^ich  the  centJ 
lateral  surface  of  the  right  lobe  i>ortions  of  the  seventh  and  eighth  ribs  s 
resected  in  the  mid-axillary  line,  and  both  the  pleural  and  ]>eritonoal  cavil 
bi;  traversed. 

The  relation  of  the  fundus  of  the  (/a I l-hl adder  to  the  surface  is  subject  to  < 

able  variation.    Normally  it  is  situated  o])posite  the  angle  between  tlie  nin 

cartilage  and  the  outer  border  of  the  rectus;  excei)tionally  it  is  ]>endu] 

suspended  from  the  liver  by   a  more  or  less  distinct  mesentery  ;    cir  it 

elongated  and  drawn  downwards  l>y  adhesion  to  tht*  duodenum  or  colon. 

<lis[)laced  downwards  it  is  liable  to  be  mistiiken  for  a  iloatiiig  kidney,  I  ml 

<listinguished  from  it  by  the  tact  that  although  it  may  be  pushed   kickwi 

the  lumbar  region  it  returns  at  once  to  its  habitual  position  immediatch 

the  anterior  abdominal  wall  as  soon  as  it  ceases  to  be  manipulated.     Thery* 

which  is  aljout  an  inch  and  a  half  in  length,  is  sharply  bent  upon  itself  clc 

origin  at  the  neck  of  the  gall-lJadder.     It  joins  the  hepitic  duct  at  a  ve 

■  angle.     The  passage  of  a  probe  along  the  normal  duct  is  rendered  ditiicul 

,  marked  llexure  at  its  commencement,  as  well  as  by  the  foldeii  condition  of  its 

I  iiaMubrane ;  hence  also  the  frequency  with  which  calculi  become  impacteij 

neck  of  the  gall-bladder.     In  excising  the  gall-bladder,  it  is  an  advantage  to 

'  and  divide  the  cystic  artery  and  duct  )>efore  proceeding  to  detach  the  org 

i  the  under  surface  of  the  liver.    Th(^  common  bile-duct,  about  three  and  a  hal 

in  length,  lies,  in  its  upper  third,  close  to  the  right  free  Iwrder  of  the  gastn^ 

j  omentum.     When  cutting  into  this,  the  most  accessible  part  of  the  duet,  il 

,1  be  drawn  forwanl   by  the  finger  introduced  Ijehind  it,  through   the  fora 

!^  Winslow;  the  portal  vein,  which  must  be  avoided,  lies  l*ehind  and  a  little 

left  of  the  duct.     The  middle  third  of  the  common  duct  lies  a  little  to  the 

the  commencement  of  the  gastro-hei>atic  artery  behind  the  first  part  of  the  du 
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about  a  finger's  breadth  from  the  pylorus.  The  lower  third  of  the  duct  w  hich  passes 
downwards  and  to  the  right,  is  intimately  related  to  the  pancreas,  and  is  usually  so 
embedded  in  the  posterior  aspect  of  its  head  that  it  cannot  be  freed  by  blunt 
dissection.  Close  to  its  termination  the  common  duct  is  joined  by  the  pancreatic 
duct,  the  two  opening  separately,  but  close  together,  at  the  bottom  of  a  diverticulum 
(ampulla  of  Yarter),  which  pierces  the  wall  of  the  duodenum  obliquely,  and  opens 
at  the  summit  of  a  small  papilla  situated  at  the  lower  part  of  the  inner  wall  of  the 
descending  portion  of  the  duodenum,  about  four  inches  from  the  pylorus.  When  a 
calculus  becomes  impacted  in  the  ampidla,  there  is  retention  of  the  pancreatic  as 
well  as  of  the  biliary  secretion.  Not  infrequently  there  is  an  accessory  pancreatic 
duct  (duct  of  Santorini)  which  opens  into  the  duodenum  at  a  higher  level  than  the 
main  duct,  which  it  joins  by  its  other  extremity.  A  calculus  in  the  ampulla  may 
be  reached  either  by  opening  the  duodenum  from  the  front  (trans-duodenal  route), 
or  by  freeing  the  duodenum  and  gaining  access  to  the  duodenum  from  behind 
(retro-duodenal  route).  In  the  latter  instance  an  incision  is  made  external  to  the 
outer  border  of  the  second  part  of  the  duodenum,  through  that  portion  of  the 
peritoneum  which  ascends  from  the  upper  layer  of  the  transverse  mesocolon  over 
the  anterior  surface  of  the  hepatic  area  of  the  kidney.  By  blunt  dissection  directed 
inwards  behind  the  duodenum,  this  organ,  along  with  the  adjacent  part  of  the  head 
of  the  pancreas,  can  be  separated  from  the  kidney  and  vena  cava  and  folded  over 
towards  the  left,  like  a  door  on  its  hinges.  In  freeing  the  bile-duct  from  the 
posterior  aspect  of  the  head  of  the  pancreas  a  vein  of  considerable  size  will  be 
encountered;  this  vein,  which  returns  the  blood  from  the  pancreatic-duodenal 
system  of  arteries,  Ues  close  to  the  bile-duct  as  it  ascends  behind  the  head  of  the 
pancreas  to  open  into  the  commencement  of  the  vena  porta.  Of  the  lymphatic  glands 
related  to  the  bile  pass€iges  it  is  to  be  remembered  that  one  lies  at  the  neck  of  the 
gall-bladder,  another  at  the  junction  of  the  cystic  and  hepatic  ducts,  while  a 
third  lies  close  to  the  termination  of  the  common  duct.  When  these  glands  are 
enlarged  and  indurated,  care  must  be  taken  not  to  mistake  them  for  impacted 
gall-stones. 

Stomach. — The  stomach  lies  almost  entirely  within  the  left  half  of  the  epi- 
gastric and  the  left  hypochondriac  regions.  The  cardiac  orifice,  which  lies  1  in. 
below  and  to  the  left  of  the  oesophageal  opening  in  the  diaphragm,  is  a]»out  4  in. 
from  the  surface,  and  corresponds,  on  the  anterior  surface  of  the  body,  to  a 
point  over  the  seventh  left  costal  cartilage  1  in.  from  the  sternum.  The  pylorus, 
which  is  generally  partly  overlapped  by  the  lower  margin  of  the  Uver,  lies,  as  a  rule, 
about  one  inch  to  the  right  of  the  mesial  plane ;  when  the  stomach  is  emjdy  it 
generally  lies  in  the  mesial  plane,  when  distended  it  may  reach  two,  or  even  three, 
inches  to  the  right  of  the  middle  line.  The  pyloric  i)ortion  of  the  stomach  is  prac- 
tically bisected  by  a  horizontal  plane  which  pjisses  through  the  alKlomen  at  the 
level  of  a  point  midway  between  the  suprasternal  notcli  and  pubic  symj>liysis 
(Addison) ;  it  lies,  therefore,  three  to  four  inches  below  the  infrasternal  notch,  mid- 
way between  it  and  the  umbilicus,  opposite  the  first  lumbar  vertebra.  The 
highest  part  of  the  fondus  of  the  stomach  corresponds  to  the  left  vault  of  the 
diaphragm,  and  lies  at  the  level  of  the  fifth  rib  in  the  mammary  line,  a  little  above 
and  behind  the  apex  of  the  heart.  The  greater  curvature  crosses  behind  the  left 
costal  margin  opposite  the  tip  of  the  ninth  cost^il  cartilage,  that  is  to  say,  where  the 
transpyloric  Une  intersects  the  vertictil  Poupart  line.  The  lowest  part  of  the  great 
curvature,  situated  generally  in  the  mesial  plane,  extends  down  to,  or  a  Uttle  above, 
the  infracostal  plane,  about  two  inches  above  the  umbilicus.  The  lesser  curvature  and 
the  adjacent  part  of  the  anterior  wall  of  tlu»  stomach  are  overlapped  by  the  lower 
margin  of  the  liver. 

Overlying  the  stomach  is  an  important  surface  area  known  to  clinicians  as  the 
semilunar  space  of  Traube.  This  simce,  which  yields  a  deeply  tympanitic  note  on 
percussion,  is  bounded  above  by  the  lower  margin  of  the  left  lung;  below,  by  the 
left  costal  margin ;  to  the  right,  l.»y  the  lower  edtre  of  the  left  IoIkj  of  the  liver ; 
behind  and  to  the  left,  by  the  anterior  border  and  anterior  basal  angle  of  the  spleen. 
The  line  of  the  costo-diaphragmatic  pleural  reflection  croeaea  the  s\)aoe  about  mid- 
way between  its  upper  and  lower  liniits.  The  tyiiiP*^^^^  wea  of  the  space  is 
85  6  '  ^ 
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diiniuished  siiptjriorly  by  pleuritic  effusion,  towards  the  right  by  enlarge: 
the  liver,  and  towards  the  left  by  enlargement  of  the  spleen. 

Terforation  uf  an  ulcer  on  the  antei'ior  wall  of  the  stomach  leads  to  exi 
tiun  into  tlie  greater  sac  of  the  peritoneum,  while  if  the  perforated  ulcer  I 
the  ^wsteriur  wall,  extravasation  takes  place  into  the  lesser  sac.  The  close 
of  the  splenic  artery  and  its  branches  to  the  posterior  wall  of  the  stomach  < 
the  severe  hicmorrhage  which  is  sometimes  caused  by  a  posterior  gastri 
The  surgeon  may  reiicti  the  posterior  wall  of  the  stomach  through  the  gasi 
omentum,  i^r,  after  throwing  upwards  the  great  omentum  and  transverse  c 
traversing  the  transverse  mesocolon ;  by  the  former  route  the  posterior  wal 
stomach  is  rciiehed  through  the  anterior  wall  of  the  lesser  sac,  in  the  lat 
tlirough  its  iMWterior  wall. 

Duodenum. — The  first  part  of  the  duodenum,  situated  in  the  right  hall 
epigastriuiu,  lies  behind  the  eighth  costal  cartilage,  immediately  internal 
gall-bladder,  and  is  overlapped  l)y  the  quadrate  lobe  of  the  liver.  If  th 
be  passed  aljove  this  part  of  the  duodenum  and  towards  the  left,  behind  t 
free  border  of  the  lesser  omentum,  it  will  occupy  the  foramen  of  Winslow,  ' 
jusi  large  enough  to  easily  admit  the  finger.  In  resecting  the  pylo] 
surgeon  should  remember  that  the  gastro-duodenal  vessels  lie  behind  the  fi 
of  the  duodenum,  about  one  inch  to  the  right  of  the  pylorus. 

The  second  part  of  the  duodenum  descends  in  the  right  vertical  Poupart  pi 
j  is  crossed  al)out  its  middle,  at  the  level  of  the  infracostal  plane,  by  the  attacli 

the  transverse  mes(X5olon.     It  lies  in  front  of  the  hilum  and  lower  part  of  tl 
border  of  the  right  kidney. 

The  tr^i  nsverse  par  lion  of  the  third  part  of  the  duodenum  occupies  th< 
part  of  the  um])ihcal  region,  and  crosses  the  middle  line  about  one  inch  alx)\ 
joining  the  highest  i)art  of  the  iliac  crests;  behind  its  commencement  is  th 
part  of  the  right  ureter. 

The  ascending  portion  of  the  third  part  of  the  duodenum  crosses  tlu 
costal  plane,  and  ascends  upon  the  left  side  of  the  vertebral  column  oppo 
second  and  tliird  hini])ar  vcrtebnu 
•!  The  duodeno-jejimal  flexure,  which  lies  in  the  transpyloric  plane  one  inel 

L  left  of  the  mesial  plane,  is  the  lantlmark  which  the  surgeon  makes  for  v 

t\ .  wisht's  to  identify  the  commencement  of  the  jejunum  (Fig.  746,  p.  1054). 

' '  the  llexure  the  omentum  and  transverse  colon  should  be  thrown  upwards 

*  linger  passed  along  the  lower  layer  of  the  transverse  mesocolon  to  the  left 

I  the  vertebral  column.    The  flexure  lies  in  the  angle  or  recess  formed  by  the  \ 

\'n  of  the  second  lunijjar  vertel>ra  and  the  under  surface  of  the  body  of  the  p 

With  the  linger  in  this  recess  the  commencement  of  the  jejunum  may  he 
forward  a  little  to  the  left  of  the  superior  mesenteric  vessels  at  the  root 
mesentery.  In  connexion  with  the  duodeno-jejunal  junction  is  the  dnodeno 
fossa  (inferior  duodenal  fossa  of  Jonnesco),  formed  by  a  fold  of  peritoneun 
stretclies  from  the  left  side  of  the  fourth  or  ascending  part  of  the  du< 
upwards  to  become  attached  to  tlie  peritoneum  of  the  posterior  abdominal  wi 
to  the  inner  border  of  the  left  kidney.  The  free  edge  of  the  fold  and  the  m 
the  fossa  look  upwards.  This  is  one  of  the  situations  at  which  an  internal 
.  !  sometimes  (leveloi>s,  the  sac,  as  it  enlargt^s,  extending  further  and  further  i 

Jj  extra-jx^ritoneal  tissue  on  the  jwsterior  aMominal  wall.      Should  Strang 

;^  occur,  the  lower  edge  of  the  orifice  must  be  divided  in  a  downward  direo 

.|  order  to  avoid  the  superior  mesenteric  vein  which  curves  round  the  anter 

1 -i  Upper  as])ects  of  tlu;  orifice  (Treves). 

J.  Small  Intestine. — The  coils  of  the  small  intestine  dip  downwards  ii 

* '  l)elvis,  overlap  the  ascending  and  descending  ix)rtions  of  the  colon,  and 

u])wards  to  the  attachment  of  the  transverse  mesocolon.      To  the  left 
-„  mesentery  they  reach  as  far  as  the  under  surface  of  the  pancreas  and  the 

a-  tlt^xure  of  the  colon  ;  here  they  are  overlapped  by  the  lower  part  of  the  st 

^  from  which  they  are  separated   by  the  transverse  mesocolon.     The  only 

■'  means  which  the  surgeon  has  of  distinguishing  the  upper  from  the  lower 

\^  snuill  intestine  is  by  their  relation  to  the  duodeno-jejunal  flexure  and  tl 
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^  es&cal  junction.  Occasionally  the  Peyer's  patches  can  be  seen  from  the  peritoneal 
aspect  and  the  ileum  thereby  identified.  The  terminal  portion  of  the  ileum,  which 
^':  is  attached  by  the  lower  end  of  the  mesentery  to  the  upper  part  of  the  right  lateral 
'^  wall  of  the  true  pelvis,  crosses  over  its  brim,  and  ascends  along  the  inner  edge  of 
'*  the  csecum  before  opening  into  it.  The  terminal  loop  of  the  ileum  may  be  hooked 
^  up  by  passing  the  finger  along  the  inner  side  of  the  csecum  downwards  over  the 
*  inner  border  of  the  psoas  and  the  external  iliac  vessels  into  the  pelvis. 

y  Meckers  diverticulum,  which  is  due  to  persistent  patency  of  the  proximal  portion  of 

the  vitelline  duct,  is  usually  situated  from  two  to  three  feet  above  the  ileo-csecal  valve  ;  its 
average  length  is  two  inches.  Springing  from  the  antimesenteric  border  of  the  ileum,  its 
texmiuation  is  usually  free,  but  it  may  be  adherent  eitlier  to  the  anterior  abdominal  wall, 
to  the  mesentery,  or,  more  rarely,  to  one  of  the  adjacent  viscera.  When  its  termination 
18  fixed  it  may  give  rise  to  strangulation  of  the  intestine. 

Large  Intestine. — The  c»cam,  which  occupies  the  right  iliac  region,  comes 
into  contact  with  the  anterior  abdominal  wall  immediately  above  the  outer  third  of 


trd-caejcai.  fos^a 
B 

Fig.  915. — The  C-bcal  Folds  and  Foss*. 

In  A,  the  cseciim  is  viewed  from  the  front ;  the  meiteutery  of  the  appendix  iH  distinct,  and  is  attached  above 
to  the  under  surface  of  the  portion  of  the  mesentery  going  to  the  end  of  the  ileum.  In  H,  tlie  caecum 
is  turned  upwards  to  show  a  retro-csecal  fossa,  whicli  lies  behind  it,  and  the  beginning  of  the  ascending 
colon  (from  Birmingham). 

Poupart's  ligament ;  laterally,  it  extends  from  the  anterior  superior  iliac  spine  to 
the  brim  of  the  pelvis.  When  dilated,  it  extends  considerably  beyond  these  limits ; 
when  empty,  it  is  generally  more  or  less  completely  overlapped  by  small  intestine. 
The  ileo-c»cal  valve  lies  at  the  junction  of  the  intertubercular  and  Poupart 
planes  (Fig.  913  V). 

The  oritice  of  the  appendix  opens  upon  the  postero-intemal  aspect  of  the  c«cum 
about  an  inch  below  the  ileo-caecal  valve,  a  point  which,  according  to  M'Burney, 
may  be  located  on  the  surface  at  the  junction  of  the  outer  and  middle  thirds  of  a 
line  drawn  from  the  umbilicus  to  right  anterior  superior  iliac  spine.  The  appendix 
will  generally  be  found  to  pass  either  upwards  and  inwards  behind  the  lower  end 
of  the  ileum,  or  downwards  and  inwards  so  as  to  overhang  the  external  iliac  vessels 
at  the  brim  of  the  pelvis;  less  frequently  it  ascends  in  the  pouch  behind  the 
commencement  of  the  ascending  colon.  The  blood  supply  of  the  appendix  is  derived 
from  a  single  artery  (a  branch  of  the  ileo-coUc)  which  occupies  the  small  mesentery 
of  the  appendix  (Fig.  916);  hence  interference  with  the  flow  of  blood  along  this 
vessel,  either  mechanically  or  from  disease,  predisposes  to  gangrene  of  the  appendix. 
In  opening  the  abdomen  to  remove  the  appendix  it  is  usual  either  to  split  the 
three  lateral  abdominal  muscles  in  the  direction  of  their  tibres  ("  gridiron  "  incision) 
or  to  pass  through  the  sheath  of  the  rectus,  io  which  case  the  muscle  itself  is 
either  pulled  i? wards  or  its  fibres  separated.    When  the  gridiron  incision  is  made 
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ILEOCOLIC  ARTERY - 


ILIAC  BRANCH  - 


Fit;.  910.   -The  Blo(»ii  Sm-Lv  or  thi:  Ckctm  and  Vek- 
MIHJH.M  Appendix. 

Tilt;  ilhistraliou  gives  a  view  of  lliu  laHuiii  from  brhiiul. 
The  jutery  of  the  a})])i'iulix,  Jiinl  the  three  t:«-uiji 
coli  >i)ringing  from  tlie  hase  f»f  the  appeinlix,  .shoiihl 
l»e  specially  noted  (moilific«l  l>y  Birmiiighain  from 
Joniu'M.'o). 


as  long  as  possible,  it  is  uecessarj"  to  divide  both  the  ascending  branch  of 
circiimtlex  iliac  and  the  deep  epigastric  vessels,  the  former  at  the  outer 
latter  at  the  inner  extremity  of  the  incision.     After  dividing  the  peri  ton 

api^endix  is  sought  f<»r  by  ^a 
finger  behind  the  angle  form 
inner  aspect  of  the  Cieoum 
lower  end  of  the  ileum.  I 
necessary  to  bring  the  cteciij 
the  wound,  in  order  that  the 
longitudinal  band  of  muscu 
(taenia  coli)  may  1:k5  traced  dc 
to  the  root  of  the  apj)enL 
915,  A). 

The  ascendizi^  colon,  aft«i 
the  iliac  crest,  lies  deeply  in 
lumbar  region  upon  the  q 
lumborum  and  tlie  right  kid 
Tlie  hepatic  flexure  reaches 
lieneath  the  tenth  crjstal 
into  tlie  lowest  jMirt  of  the  rig 
chondrium,  where  it  lies  imn 
to  the  right  of  the  gall-l.»lai 
tween  the  Hver  and  the  lowe 
the  anterior  suri'ace  of  the  ki 
The  transverse  colon  crc 
upper  part  of  the  umbilica 
Not  infrequently  it  forms  a  L 
or  a  V-shaped  loop  which  reaches  for  a  variable  distance  l»elo\v  the  leve 
umbilicus ;  when  the  intestines  are  distended  it  may  ascend  in  front 
stomach. 

TIh^  splenic  flexure  reaches  upwards  behind  the  greater  curvature 
stomach  into  the  left  hypochondriac  region,  as  far  as  the  lower  extreniit 
s})leen,  from  which  it  is  separated  by  the  costocolic  fold  of  peritoneum. 

The  descending  colon  lies  deeply  in  the  left  lumbar  region,  along  the  lo' 
of  the  outer  border  of  the  left  kidney. 

The  iliac  and  pelvic  portions  of  the  colon  lie  resi)ectively  in  the  left  ili 
and  in  the  true  jielvis;  the  latter  is  provided  with  a  distinct  mesenter; 
as  it  crosses  the  left  ureter  and  the  Infurc^tion  of  the  common  iliac  vesw?] 
the  intersigmoid  peritoneal  fossa.  This  fossa  is  sometimes  the  8tarting-jK)ii 
internal  retroperitoneal  hernia.  The  mouth  of  the  fossa  looks  downwards 
the  left ;  al)ove  and  to  its  right  is  tlie  sigmoid  artery.  The  iliac  colon  can  g 
b(»  felt  through  the  abdominal  wall  as  it  descends  from  the  crest  of  the  i 
the  inner  margin  of  the  psoas  muscle.  The  iliac  colon  is  the  part  of  th 
which  is  must  frequently  oi)ened  when  it  is  desired  to  make  an  artificial  ai 
is  exposed  through  an  oblique  incision,  the  centre  of  which  is  at  the  jun< 
the  middle  and  outer  thirds  of  a  line  drawn  from  the  umbilicus  to  tlit?  ; 
sui>erior  iliac  spine. 

Kidneys. — The  kidneys,  which  lie  l)ehind  the  peritoneum,  extend  hi* 
than  is  oi'ion  supposed,  and  laterally  they  do  not  extend  so  far  away  fi 
spine  as  is  almost  invariably  depicted  ;  hence  it  is  that,  imless  enlarged,  the 
ean  .seldom  be  felt  through  the  alxlominal  wall.     The  right  kidney  as  a  rul 
little  lower  than  the  left,  as  well  as  a  little  further  away  from  the  mesia 
The  hilum  of  the  right  kidney  lies  2  in.  from  the  mesial  plane ;  that  of 
lA  in.  I'roni  the  mesial  plane.     For  pnictieal  pur[K)se8  the  hilnm  of  the  kidn 
bti  regarded  as  o])]K)Hite  a  point  on  the  anterior  abdominal  wall  a  fingers 
internal  to  the  tip  of  the  ninth   costal  cartilage ;  and  a  line  joining  the  t 
crosses  the  vertebral  column  opposite  the  disc  between  the  first  and  second 
vertebrte,  that  is  to  say,  on  a  level  with  the  transpyloric  line.     The  hii/he^ 
of  the  kidney  is  situated  two  inches  from  the  mesial  pkne,  on  a  level 
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line  crossing  the  abdomen  midway  between  the  xiphisternal  and  tra 
planes.  The  lowest  point  of  the  kidney  reaches  down  to,  or  a  little  b 
infracostal  plane. 

The  student  should  make  himself  familiar  with  the  feel  of  the  parts  ii 
to  the  kidneys,  as  far  as  they  can  be  made  out  by  introducing  the  hand  t 
mesial  abdominal  incision.  The  lower  half  of  the  right  kidney  is  covere 
hepatic  flexure  of  the  colon ;  the  upper  part  lies  deeply  in  the  hypochond 
is  i'elt  by  thrusting*  the  hand  upwards  and  backwards  between  the  livei 
hepatic  flexure  of  the  colon.  Between  this  part  of  the  kidney  and  the  i 
^  face  of  the  liver  is  a  deep  recess  which  receives  its  serous  covering  fi 

toneum  continued  upwards  from  the  upper  layer  of  the  transverse  n 
Overlapping  the  hilum  and  the  lower  part  of  the  inner  border  is  the  d< 
part  of  the  duodenum,  which  is  crossed  by  the  transverse  colon. 

The  lower  half  of  the  left  kidney,  covered  by  peritoneum  continued  dc 

-  from  the  lower  layer  of  the  transverse  mesocolon,  is  easily    felt  in   th 

between  the  vertebral  column  and  the  upper  part  of  the  descending  cole 

overlapped  by  coils  of  small  intestine,  and  passing  transversely  outwards 

•   |i  of  it  is  the  left  colic  artery  and  its  branches.     Crossing  the  left  kidney 

f    j  above  its  middle,  is  the  body  of  the  pancreas,  together  with  the  splenic 

■j  To  reach  the  part  of  the  kidney  which  lies  above  the  pancreas,  an  openir 

be  made  through  the  gastro-colic  omentum  and  the  hand  passed  upward 

-J  the  stomach  into  the  lesser  sac  of  the  peritoneum.     Applied  to  the  uppe 

/fr-  i  more  of  the  outer  border  of  the  kidney  is  the  renal  surface  of  the  spleen. 

I  The  posterior  relations  of  the  kidneys  will  be  referred  to  when  deal 

♦  the  back. 

i  Outside   the   true  capsule  of  the   kidney  is  the  adipose  capsule,  wh 

i  specialised  thickening  of  the  extra-peritoneal  fat.     It  is  in  this  fat  tha 

nephritic  abscess  develops,  the  pus  passing  backwards  into  the  loin,  do 

■i,   ■'  towards  the  iliac  fossa,  or  forwards  into  the  extra-peritoneal  fat  of  the 

abdominal  wall. 

The   ureters   lie    behind  the   peritoneum  covering   the   psoas    musch 

j  descend  almost  vertically  in  the  umbilical  region  ij  in.  from  the  mesi 

«  At  the  level  of  the  intertubercular  plane  they  lie  in  front  of  the  temiinati< 

s  *   •  common  iliac  arteries,  and  then  pass  down  into  the  true  pelvis  in  fror 

internal  iliac  arteries. 

Pancreas. — The  head  of  the  pancreas  occupies  the  curve  of  the  dt 
and  Ues  in  the  lowest  part  of  the  right  half  of  the  epigastric  region,  on  a  h 
the  second  lumbar  vertebra.  The  neck,  which  crosses  the  mesial  plane  opp 
disc  between  the  first  and  second  lumbar  vertebrae,  lies  in  the  transpyloi 
while  the  body  lies  immediately  above  that  plane.  The  taU  lies  in  the  1< 
chondriac  region.  The  relations  of  the  pancreas  to  the  transverse  mesoc 
to  the  neighbouring  viscera  have  already  been  suflSciently  referred  to. 

After  opening  the  alxlomen  in  the  middle  line,  the  pancreas  is  best  ex 
passing  through  the  gastro-colic  omentum ;  access  to  the  organ  through  e 
gastro-hepatic  omentum  or  the  transverse  mesocolon  is  more  limited  and 
less  satisfactory. 

A  pancreatic  cyst  gives  rise  to  a  tumefaction  of  the  abdomen  eithe 

epigastric  or  in  the  umbilical  region,  depending  on  whether  it  pushes  th( 

hepatic  omentum  before  it  and  develops  between  the  liver  and  stomach,  or 

it  extends  forwards  below  the  stomach.     In  severe  contusions  of  the  abdc 

F,  pancreas  may  be  ru])tured  against  the  vertebral  column. 

jjff  Vessels  of  the  Abdomen. — The  commencement  of  the  abdominal  aorta 

jgJ  coBliac  axis  is  situated  two  fingers*  breadth  above  the  transpyloric  plai 

superior  mesenteric  artery  arises  a  finger's  breadth  above  the  transpyloric  p 

renal  arteries  a  fingt^r's  breadth  below  it.     The  inferior  mesenteric  artery  ari 

way  between  the  transpyloric  and  the  intertubercular  plane — that  is  to  sc 

1   in.  above  the  level  of  the  umbiUcus.     The  abdominal  aorta  bifurcates 

Ji  little  to  the  left  of,  the  mesial  plane,  on  a  level  with  the  highest  part  of 

> '  crest,  and  about  J  in.  below  the  level  of  the  umbilicus. 
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The  inferior  vena  cava  lies  immediately  to  the  right  of  the  aorta;  its  most 
important  surgical  relation  is  the  right  ureter,  which  lies  close  to  its  outer  side. 

The  common  and  external  iliac  arteries  may  be  mapped  out  hy  drawing  a  line, 
curved  slightly  outwards,  from  a  point  opposite  the  bifurcation  of  the  aorta  to  a 
point  midway  between  the  anterior  superior  iliac  spine  and  the  pubic  symphysis: 
the  upper  third  of  this  line  corresponds  to  the  common  iliac,  the  lower  two-thirds 
to  the  external  iliac.  The  common  iliac  veins  lie  mainly  to  the  right  of  the  corre- 
sponding arteries,  the  left  vein,  however,  crossing  behind  the  right  artery  to  join  its 
fellow  to  form  the  inferior  vena  cava.  The  relation  of  the  veins  and  of  the  ureters 
must  be  borne  in  mind  in  ligaturing  the  common  iliac  arteries. 

The  great  vessels  upon  the  posterior  abdominal  wall,  along  with  the  adjacent 
lymphatic  vessels  and  glands,  lie  in  the  extra-peritoneal  fat,  and  therefore  wdthin 
the  general  fascial  envelope  of  the  abdomen.  Abscesses,  originating  from  the 
retro-peritoneal  lymphatic  glands  are,  therefore,  like  perinephritic  abscesses,  extra- 
peritoneal, but  intra-fascial ;  abscesses  of  spinal  origin,  whether  lumbar,  iliac,  or 
psoas,  are,  on  the  other  hand,  extra-fascial.  A]>scesses  connected  with  the  vtTmi- 
form  appendix  are  primarily  intra-peritoneal ;  occasionally  they  ulcerate  through 
the  parietal  peritoneum  and  burrow  in  the  extra-peritoneal  fat. 


P^^nWum  GA^iHNQjUli^        — ^ 


SPONaiOjiUH 


coAri>^  jroNQLojii^i 


THE  MALE  PEEINEUM. 

The  male  perineum  is  a  heart-shai)ed  space  the  osseous  boundaries  of  which  are 
the  same  as  those  which  form 
the  outlet  of  the  pelvis.  A 
line  drawn  transversely  across 
the  i)erineum  between  the  an- 
terior part  of  the  tuberosities 
crosses  the  middle  line  immediately 
in  front  of  the  anus,  and  divides 
the  space  into  an  anterior  or  urino- 
genilal  triangle  and  a  posterior  or 
rectal  triangle.  The  minogenital 
triangle  is  subdivided  into  a  super- 
ficial and  deep  comi>artment  by  the 
triangular  ligament;  in  the  super- 
ficial compartment  is  the  root  oi 
the  penis,  which  gives  rise  to  a 
longitudinal  fulness  upon  the  sur- 
face. Anteriorly,  the  surface  of  the 
urinogenital  triangle  is  continued 
on  to  the  scrotum,  whilst  laterally 
a  distinct  groove  separates  it  from 
the  inner  surface  of  the  thighs. 
The  central  point  of  the  perineum 
(common  tendon  of  the  i)erineal 
muscles)  is  continuous  with  the 
centre  of  the  base  of  the  triangular 
ligament,  and  lies  a  finger's  breadth 
in  front  of  the  anus.  Immediately 
in  front  of  it,  and  about  1  in.  from 
the  centre  of  the  anus,  is  the  pos- 
terior edge  of  the  bulb  of  the  corpus 
spongiosum.  The  superficial  com- 
par^?7i«n^of  the  urinogenital  triangle 
is  bounded  below  by  the  perineal  »''^-^^"^fi^»*^^^'"^^^^'«'-^'**  intmorta..cirr^t.^d»urt*ry 

fiUMda   of  OoUeS    (Yin   918^     which  *'*"•  918.— Di8«bcti(>n    of  the  ?ibwki  m.     Tlie  scrotum  and 
•^ffooDT       .       '^\  ;^iO;.    wniCil  Uauftvcrsely  acn>ss  and  removed 

18  attached  posteriorly  to  the  l>ase         J^,i  Cunuingha;^ 

of  the   tnanguIa^T  hgament,   and 

laterally  to  tber^nsLrginB  of  the  pubic  arcb-     AntAri^-i^-    tY\e  ^»«^^^  ^^  ^^^^^ ' 
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nil  to  the  scrotum,  the  i>eiiis,  and  s})ermatic  curd,  to  become  contiuunus  v 
J  fascia  of  Scarpa  upon  tlie  front  of  the  abdomen. 

*  When  the  urethra  is  ruptured  below  the  anterior  layer  of  the  triangul 
V                     ment,  the  course  of  infiltration  of  extravasated  urine  is  determined  by  these 

■  ments;  at  lirst,  therefore,  the  urine  is  confined  within   this   comi»artm( 
gradually  travels  forwards  under  the  fascia  of  Colles  on  to  the  lower  i>ar 

j^  anterior  abdominal  wall ;  it  is  prevented  from  ^xassing  down  tlie  front  of  tl 

*;  j)y  the  atUichment  of  Scarpa's  fascia  to  the  fasciii  lata,  a  little  l>elow  1' 

(ligament. 
The  (krp  comjun-fmenf  of  the  urinogeniUil  division  of  the  i)erineuni  corres 
the  interval  between  the  triangular  ligament  proi)er  and  the  parietal  lave 
«  l»elvic   fascia  (the  so-called  sui)erior  or  deep  layer  of  the  triangular  lij. 

i  Tlie  most  important  structures  which  this  com])artnient  contains  are  the  mem 

I  portion  of  the  urethra,  Cowper's  glands,  the  internal  pudic  vesstds,  ami  th 

to  the  bulb. 

The  membranous  part  of  the  urethra  lies  one  inch  behind  the  lower  bordt 
pubic  symi)hysis.  When  this  division  of  the  urethra  is  ruptured,  the  extni 
urine,  after  filling  the  deep  comi)artment,  may  reach  the  sujKjrticial  comji. 
))y  bursting  througli  the  triangular  ligament  where  the  vessels  2>ierce  it;  or 
t)enetrate  the  i)arielal  layer  of  the  pelvic  fascia,  infiltrate  tlie  perivesical  cor 
J  tissue  antl  the  space  of  Retzius,  and  ultimately  ascend  in  the  anterior  ah 

J  wall  between  the  fascia  transversiilis  and  the  parietal  j^eritoneum. 

1  Cowper's  glands,  which  lie  immediately  behind  the  membranous   uretli 

\  overlapped  by  the  bulb  of  the  urethra,  from  which  they  are  sejjarated  by 

(  angular  ligauient.     The  internal  pudic  artery  hes  just  within   the   margin 

I  pubic  arch.     The  artery  to  the  bulb  runs  transversely  inwards  I  in.  al>ove  t 

'  of  the  triangular  ligament,  i.e.  above  the  level  of  a  line  drawn  from  the  Iron 

5  tuberosities  to  the  central  point  of  the  i)erineum. 

,  The  male  urethra  measures  about  eight  inches  from  the  external  to  the  i 

i  meatus;    the  narrowest  portion  is  at  the  external  meatus;   a  second   nai 

occurs  at  the  triangular  ligament.     It  is  behind  these  constrictions  that  a  t 
I  is  liable  to  become  impacted.     The  most  dependent  2^cirt  of  the  urethra 

i  bulbous   portion,  and  it  is  in  this  situation   that  an  organic  stricture  i; 

frequently  met  with.  The  membranous  i>ortion  of  the  urethra,  situated  I 
the  two  layers  of  the  triangular  hgament,  is  surrounded  by  the  compi-essor  i 
muscle,  which,  when  thrown  into  s^msm,  may  firmly  grip  an  instrument  «• 
t.assed  into  tlie  bladder.  Rupture  of  the  urethra  from  a  fall  on  the  i>e 
^it'uerally  involves  the  bulbous  portion.  A  false  passage  made  during  the  ] 
of  an  instrument  generally  traverses  the  floor  of  the  urethra  at  the  trianguL 
I  ment;    to  prevent  this  the  point  of  the  instrument  should  always   be  d 

*  u[) wards,  and  the  handle  at  the  same  time  depressed  as  soon  as  the  instruinen 
jl  to  encounter  the  resisUmce  of  the  triangular  ligament.  When  the  prostate  is 
.                      trophied  the  prostatic  portion  of  the  urethra  is  elongated,  and  the  internal 

j  may  look  directly  forwards,  while  if  the  lateral  lobes  are  unequally  enia: 

I  may  deviate  latenilly.     Patients  with  prostatic  hyjHjrtrophy  ai*e  seid<.»ni  { 

'  ci»mpletely  emj)ty  the  bladder,  on  account  of  the  dei)endent  well  which 

I  behind  the  ])rosUite. 

■  THE  PROSTATE. 

The  oj>eration  of  prostatectomy  has  in  recent  years  proved  so  success 
ri'moving  the  urinary  complications  associated  with  enlargement  of  the  p 
that  a  fresh  impetus  lias  l)een  given  to  the  study  of  the  anatomy  of  the  glan 
the  surgical  point  of  view.  With  the  body  erect  the  hose  of  the  prostate  h 
horizontal  ])lane  at  the  level  of  the  middle  of  the  symphysis  pubis,  while  it 
^  lies  I  in.  beliind  and  below  the  sub-pubic  angle.     It  follows,  therefon?,  th 

vesical  oritiee  and  tlie  base  of  tlie  prostate  are  within  easy  reach  of  the  finger 
duced  through   a   supra-pubic  cystotomy  incision.     The  anterior   surface 
prostate  lies  about  J  in.  luihind  the  pubes,  to  which  it  ia  connected  by  the 
prostatic  ligaments.     Al)ove  these  ligaments  is  the  spa/ic  of  Retzius,  occup 
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retracted  backwards.  The  dissection  is  now  carried  between  the  anterior  bordei 
levatoros  aui  in  a  forward  direction  towards  the  prostate,  so  as  to  strike  the  lo 
vascular  s])ace  which  intm-vcnes  between  the  posterior  pu*t  of  the  prostatic  sheath 
thin  f.iscia  outside  the  muscular  wall  of  the  rectum.  Tiie  iK)st^»rior  surface 
prostate,  covered  by  its  true  Ciipsule,  is  reached  by  incising  the  shoath.  The 
along  with  its  true  capsule  and  the  urethni,  may  either  be  enucleated  from  tli 
entire,  or  the  true  capsule  may  be  incised  as  well  as  the  sheath,  and  the  adeii 
masses  removed  separately.  The  ojXTation  is  facilitated  by  j)ullin<^  tlie  prostii 
into  the  wound  by  a  special  retractor  inseit^i'd  into  the  bladder  through  a  median 
into  the  floor  of  the  membranous  urethra. 

The  epididymis,  which  can  be  felt  behind  the  testicle  as  an  elongated 
body  applied  vertic^ally  to  its  ]»ostcrior  surface,  is  esi>ecially  involved  in  goii 
and  tulKacular  infections  of  the  testicle.  Occupying  the  posterior  jmrt 
spernialic  cord  is  the  vas  deferens,  which,  when  grasped  between  the  tin 
thumb,  feels  like  a  piece  of  \vhii)-cord.  The  spermatic  veins  form  a  plexu 
substance  of  the  cord,  known  as  the  panii>iniform  plexus ;  a  varicose  cond 
these  veins  gives  rise  to  the  condition  known  as  varicocele.  In  oj)enil 
varicocele  the  veins  are  reached  by  dividing  in  snccessiou  all  the  covering! 
cord;  the  deei)est  covering,  viz.  the  infundibuliform  fascia,  derived  from  tii 
transversalis,  forms  a  well-marked  fibrous  enveloi^e  wliich  immediately  i*u 
the  veins  and  other  constituents  of  the  corti  Besides  the  spermatic  arti 
testicle  receives  its  blood  supply  from  the  artery  accompanying  the  va.s  i 
and  from  the  cremasteric  branch  of  the  deej)  epigastric. 

The  marked  swelling  which  attends  (edema  ami  hcrmatoma  of  the  scrotun 
to  the  loose  and  delicate  character  of  the  cellular  tissue  which  occupies  th 
between  the  dartos  muscle  and  the  sulgacent  membrane  derived  from  th( 
columnar  fascia. 

The  anus  is  situated  in  the  rectal  division  of  the  perineum  about  1  i  in.  i 
of  and  below  the  tip  of  the  coccyx.     The  skin  around  the  orifice  is  pigment 

thrown  into  ra 
folds.  The  painfu 
crack  or  ulcer,  kn 
fissure  of  the  anus, 
ally  occupies  one 
furrows  at  the  jk 
margin  of  the  auu 
skin  of  the  anus 
vided  with  large  i 
ous  and  sweat  i 
which  are  occas 
the  site  of  small  ai 
jminful  anal  absc€ 
On  milking  a 
e-xa mina t to n  it  v 
observed  that  the 
before  it  reachc 
cavity  of  the  r 
traverses  the  nar: 
sphincteric  iK»rtiui 
rectum,  appropr 
named  l>y  Symiugi 

anal  canal.  This  canal,  which  is  directed  from  below  upwards  and  forwards,  e 
from  th(?  anal  orifice  to  the  ampulla  of  the  rectum,  is  aliout  1  in.  in  leng; 
up})er  end  is  on  a  level  with  the  inner  borders  of  the  pubo-rectal  i>ortions 
leva  tores  ani. 

Exhrnal  Invinorr holds  are  develo]X)d  from  the  anal  folds  situated  outsi 
white   line   (:orr(\sponding   to   the   muco-cutaneous  junction ;    internal  pil 
develoiK3d  Irom  the  veins  of  the  mucosa  at  the  upper  yait  of  the  anal  canaL 
In  the  upx>er  lialf  of  the  anal  canal  are  the  colnmiis  of  MdrgagnL     Accord 


Aiui  vaJves 


91*J. — The    Ixtkkiur  of   toe   Anal  Canal   and  Lowkk  Part 
OK   1{kltu.m. 

Slujwinj,'  tin-  columns  of  Morga^'ui  ami  the  anal  valves  lielween  their 
l<»\vc*r  I'lnls.  The  coliniin.s  were  more  numerous  in  this  sinjeinien 
than  usual  (I'mm  Birmingham). 
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=^BalI,  fissure  of  the  anus  is  generally  caused  by  the  tearing  downwards  of  one  of  the 
"^iposterior  anal  valves  (Fig.  705)  during  the  passage  of  a  scybalous  mass. 
?*  According  to  Birmingham,  the  pubo-coccygeal  fibres  of  the  levator  ani  close  the 
^fupper  part  of  the  anal  canal,  whilst  the  external  sphincter  closes  the  remaining 
^  part.  The  internal  sphincter,  according  to  the  same  author,  acts  probably  as  a 
;*  detrusor,  its  use  being  to  empty'  the  anal  canal  completely  after  the  passage  of 
^'each  fsecal  mass. 

'  The  apex  of  the  ischio-rectal  fossa  (Fig.  918),  formed  by  the  attachment  of  the  anal 
^fiwda  to  the  obturator  portion  of  the  parietal  pelvic  fascia,  is  directed  upwards 
towards  the  pelvis,  and  lies  2  J  in.  from  the  surface.  The  inner  wall  of  the  fossa  is 
bounded  by  the  levator  ani  and  coccygeal  muscles  covered  by  the  anal  fascia  (Fig. 
920) ;  the  outer  wall  by  the  obturator  internus  muscle  covered  by  the  obturator 
fifiiacia.  An  abscess  in  the  ischio-rectal  fossa  should  be  opened  early,  otherwise  it  is 
liable  to  burst  through  the  inner  wall  into  the  rectum ;  should  it  open  also  upon  the 
skin  surface  a  complete  ''fistvla  in  ano  "  is  formed.  When  a  "  fistula  in  ano  "  results 
from  the  bursting  of  a  submucous  abscess  of  the  anal  canal  the  track  of  the  fistula 
runs  either  internal  to  or  through  the  fibres  of  the  internal  and  external  sphincter 
muscles,  and  the  external  or  skin  opening  is,  as  a  rule,  close  to  the  anus,  while  the 
internal  opening  is  generally  within  the  upper  end  of  the  anal  canal.  Occasionally 
the  ischio-rectal  abscess  perforates  the  levator  ani  towards  the  apex  of  the  fossa ; 
it  then  burrows  into  the  peri-rectal  cellular  tissue  of  the  pelvis,  and  oj)ens  into  the 
ampulla  of  the  rectum.  In  other  cases,  again,  the  abscess  starts  in  the  peri-rectal 
tissue  internal  to  the  levator  ani,  and  either  bursts  into  the  rectal  ampulla  or 
through  the  levator  ani  into  the  ischio-rectal  fossa,  and  so  reaches  the  surface.  Or 
the  pus  may  burrow  between  the  rectum  and  coccyx,  whence  it  may  pass  outwards 
through  the  great  sacro-sciatic  foramen  behind  the  parietal  pelvic  fascia  into  the 
buttock ;  or,  by  piercing  the  visceral  layer  of  the  pelvic  fascia,  may  reach  the  extra- 
peritoneal fatty  tissue  of  the  pelvis  and  ascend  in  it  to  form  an  iliac  abscess. 

The  lymphatics  from  the  skin  of  the  anus  pass  along  the  perineo-crural  folds  to 
the  innermost  glands  of  the  groin,  both  inguinal  and  crural.  According  to  Toirier 
and  Cuneo,  those  from  the  region  of  the  white  line  end  in  the  hypogastric  glands 
which  lie  in  front  of  the  internal  iliac  artery,  while  those  which  issue  from  the 
mucous  membrane  of  the  upper  part  of  the  anal  canal  and  the  rectum  proper 
traverse  a  few  minute  glands  (ano-rectal  glands  of  Gerota)  placed  lx?tweeu  the 
muscular  and  fibrous  coats  of  the  rectum,  alongside  the  main  branches  of  the  superior 
haemorrhoidal  artery.  After  traversing  these  glands  they  join  the  glands  which  he 
in  relation  to  the  trunk  of  the  superior  haemorrhoidal  artery  as  it  lies  between  the 
two  layers  of  the  pelvic  mesocolon. 

In  uiakiug  a  rectal  examiiuition  the  finger  should  be  carried  forwards  from  the  tip  of 
the  coccyx  ho  as  to  enter  the  anus  from  l^hind.  The  finger  is  then  gently  pressed  upwards 
and  slightly  forwards  through  the  sphincteric  region  in  the  axis  of  the  anal  canal  until  it 
reaches  the  cavity  of  the  rectum,  the  lower  jxart  of  which  is  dilated  to  fonn  the  ampulla. 
The  folds  or  valves  of  Houston,  three  in  number,  project  into  the  cavity  of  the  bowel  in 
the  form  of  prominent  crescentic  shelves,  which  are  [)roduced  by  the  three  pennanent  or 
true  flexures  into  which  the  rectum  is  thrown  (Binningham) ;  the  lower  valve,  which  may 
be  sufficiently  prominent  to  im|)ede  the  passage  of  the  finger,  must  not  be  mistaken  for  a 
pathological  condition.  Through  the  anterior  wall  the  finger  can  palpate  from  below  up- 
wards the  bulb  of  the  urethra,  the  membranous  jmrts  of  the  urethra,  Cowper  s  glands  (when 
inflamed  and  enlarged),  the  apex  and  lateral  lobes  of  the  prostate,  the  vesieulai  seminales 
(when  diseased),  and  the  external  trigone  of  tlio  bladder.  With  the  left  forefinger  in  the 
rectum,  an  instrument  ])a8sed  into  the  bladder  can  be  distinctly  felt  as  it  traverses  tlie  mem- 
branous urethra ;  as  it  lies  in  the  prostatic  urethra  it  is  se|)arated  from  the  finger  by  the 
prostate.  Hence,  when  tafahe parage  is  made  through  the  bullions  or  membranous  portion  of 
the  urethra,  the  instrument,  if  pushed  onwards  towards  tlie  bladder,  will  l)e  felt  innnediately 
outside  the  rectum  between  it  and  the  prostate.  In  the  child,  owing  to  tlie  rudimentary 
condition  of  the  prostate,  tlie  instrument  is  distinctly  felt  close  to  the  rectum,  as  it  lies  in 
the  prostatic  as  well  as  in  the  membranous  j>ortiou  of  l\ie  urethra.  When  the  prostate  is 
not  enlarged  the  tip  of  the  finger  can  ju»t  reucli  the  external  trigone,  which  is  most 
ditftinctly  felt  when  the  bladder  is  full.  The  voslculse  seminales,  indistinctly  felt  when 
hoahhy,  may  be  readily  palpated  when  onUi-i'gc<3^  ^^^^  indurated  from  disease.     Through 
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the  lateral  wall  of  the  rectum  may  be  palpat<;(l  the  ischio-rectal  fossa,  the  bony  \ 
true  pelvis,  and,  when  enlarged,  the  mternal  iliac  lymphatic  glands  :  through  tin 
wall  the  hollow  of  the  sacrum  and  coccyx,  and  the  lymphatic  glands  lying  in 
rectal  cellular  tissue. 

In  (he  child  rectal  examiuation  enables  one  to  palpate,  in  addition  to  the  ^tr 
the  cavity  of  the  true  pelvis,  those  which   occupy  the   lower   segment  of   the 
When  the  Vjladder  is  empty  even  a  small  calculus  can  be  readily  felt  by  recto-j 
palpation. 

The  distance  of  the  apex  of  the  recto-vesical  pouch  of  peritoneum  from 
varies  considerably,  according  to  the  degree  of  distension  of  the  bladder  anc 
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Fii;.  i»"JO.  -Tm:  REiirM  kuom  behind. 

'ITie  sacrum  has  bfeii  ^awn  acro.ss  tlirough  the  4th  sacral  vertcVjra,  and  its  lower  part  reiiiove«l  with  1 
Tlie  posterior  j)ortioii.s  of  tht;  cocrygei,  levatores  aui,  and  of  the  external  sphincter  have  >«e*»i 
'JIjc  'piiiohinjf  in  "  of  the  lower  en(l  of  the  rectum  l»y  the  inner  edges  of  the  levatores  ani,  i 
tlie  formation  of  tlie  flattened  anal  canal,  is  suggested  in  the  illustration,  which  has  Iven  m 
formalin-hardened  male  bo«ly.  aged  thirty.  The  lateral  inflections  of  the  rectum,  com?!.] 
Houston's  valves,  are  also  shown  (from  Birmingham). 

when  })oth  are  empty  it  reaches  to  about  2  in.  from  the  anus ;  wheu  lK)th 
tended  it  is  at  h'list  one  inch  higher  (Fig.  020).  As  pointed  out  by  Birmiiigl 
])(Tit()neuin  is  ch»stdy  adherent  to  the  rectum  above  and  in  front,  while  at 
and  below  the  connexion  is  much  looser,  so  that  by  stripping  the  per; 
upwards  the  grc^ater  pari,  or  even  the  whole,  of  the  rectum  may  l)e  excised 
oi»ening  into  the  ])eritoneal  cavity. 

FEMALE   PELVIS. 

11ie  fxtrrnal  irunitals  are  liilly  described  at  page  lli»5.  The  external  c 
the  urethra,  snrrnundud  }>y  a  sligiit  annular  prominence  of  the  mucous  me 
is  situated  about  I  in.  brbind  tlu;  clitoris,  immediately  above  the  centre  of  i 
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'  the  vestibule — a  smooth  triangular  area  at  the  anterior  part  of  the  vulva,  with  its 
des  formed  by  the  labia  minora  and  its  base  by  the  anterior  margin  of  the  ostium 
iginse.  In  passing  the  catheter  the  instrument  is  directed  along  the  forefinger 
ntroduced  just  within  the  ostium  vaginae  with  the  palmar  surface  towards  the 
nuphysis  pubis)  to  the  base  of  the  smooth  vestibule,  where  it  is  tilted  slightly 
p^ards  so  as  to  bring  its  point  opposite  the  meatus. 

Bartholin's  glands,  about  the  size  of  a  bean,  are  placed  one  on  either  side  of 
ae  posterior  third  of  the  orifice  of  the  vagina,  above  the  triangular  ligament. 
"heir  ducts,  nearly  one  inch  in  length,  open  posteriorly  between  the  hymen  and 
he  posterior  commissure  (fossa  naviciUaris),  Abscesses  and  cysts  not  infrequently 
evelop  in  connexion  with  these  glands.  The  bulbs  of  the  vagina  are  two  pyriform 
allections  of  erectile  tissue  situated  one  upon  each  side  of  the  vestibule,  between 
he  sphincter  vaginee  and  the  anterior  layer  of  the  triangular  ligament.  Eupture 
r  these  bodies  gives  rise  to  the  condition  known  as  jmdendal  hcematocele. 

In  making  a  vaginal  examination  the  patient  should  be  placed  in  the  dorsal  position, 
^ith  the  thighs  well  flexed  ;  the  index-finger  of  the  right  hand  is  now  carried  along  the 
>ld  of  the  buttock  towards  the  middle  line,  where  it  will  impinge  against  the  posterior 
spect  of  the  introitus  vaginsB,  whence  it  is  inserted  upwards  and  backwards  into  the 
anal ;  to  render  the  examination  more  thorough  the  middle  finger  may  also  be  intro- 
uced.  When  the  uterus  is  in  its  normal  position  the  vaginal  portion  of  the  cervix  uteri 
I  felt  as  a  knob-like  body  projecting  downwards  and  backwards  into  the  upper  part  of 
he  canal.  In  nulliparse  the  os  uteri  is  a  small  transverse  slit,  whereas  in  women  who 
lave  borne  children  it  is  larger  and  more  or  less  fissured.  Al>ove  and  behind  the  cervix 
3  the  posterior  fornix,  which  is  in  close  proximity  to  the  pouch  of  Douglas ;  this  pouch, 
hough  normally  empty,  is  the  frequent  site  of  displaced  abdominal  and  pelvic  organs, 
.nd  collections  of  intraperitoneal  effusions  and  exudations.  A  loaded  rectum  can  be 
letected  through  the  vagina  by  the  characteristic  way  in  which  the  contents  can  be  pitted 
)y  the  finger.  In  front  of  the  cervix  is  the  shallow  anterior  fornix,  through  which  may 
ye  felt  the  body  of  the  uterus  and  the  base  of  the  bladder,  while  through  the  lower  half 
»f  the  anterior  vaginal  wall  the  urethra  may  be  detected  as  a  cylindrical,  cord-like 
hickening  which  may  be  rolled  against  the  lower  border  of  the  symphysis.  The  ureter, 
jspecially  if  enlarged,  can  be  recognised  through  the  antero-lateral  fornix,  by  compressing 
t  against  the  pubic  bone. 

By  the  bimanual  examination  the  j)elvic  organs  are  steadied  and  pushed  downwards 
owards  the  pelvic  outlet  by  the  pressure  of  the  left  hand  applied  in  the  hypogastric 
•egion,  so  that  they  can  be  more  readily  reached  and  ])alpated  by  the  finger  placed  in  the 
ragiua  with  its  palmar  aspect  directed  upwards.  The  ovary  may  be  felt  as  a  firm  body 
ibout  the  size  of  the  end  of  the  thumb  by  pushing  the  fingers  well  up  into  the  lateral 
bniix  towards  the  lateral  wall  of  the  pelvis.  In  health  the  ovaries  are  freely  movable. 
The  healthy  Fallopian  tubes  cannot,  as  a  rule,  l>e  felt  per  vaginani. 

The  whole  of  the  interior  of  the  bladder  in  the  female  can  be  readily  seen  ])y  reflecting 
ight  into  it  through  a  speculum  introduced  into  the  empty  bladder  after  dilating  the 
irethra.  The  patient  is  placed  in  the  genu-pectonil  jK)sition,  so  that  the  bladder  may 
)ecome  inflated  with  air,  the  coils  of  intestine  being  displaced  upwards.  In  the  distended 
condition  of  the  bladder  the  mucosji  has  a  dull  white  ap])earance,  except  in  the  region  of 
he  trigone,  which  shows  a  pale  pink  injection  ;  when  the  bladder  is  contnicted  the 
nucosa  appears  injected  throughout.  The  ureteral  orifices,  j)laced  al>out  one  inch  apart 
Liid  connected  by  a  slight  transverse  ridge  (inter- ureteric  fold),  present  the  appearance 
if  fine  tnmsverse  slits  situated  upon  small  and  somewhat  injected  elevations  of  the 
nucosa.  Every  minute  or  so  a  jet  of  urine  will  be  seen  to  issue  from  the  orifice.  Having 
n  this  way  located  the  ureteral  opening,  a  catheter  or  ])ougie  may  be  passwl  into  it 
ilong  the  speculum. 

By  rectal  examination  the  finger  can  palpate,  from  below  upwards,  the  recto-vaginal 
eptum,  the  cervix  uteri,  the  |)Osterior  foniix  of  the  vagina,  the  apex  of  the  jwuch  of 
Jouglas,  and  the  bfxiy  of  the  uterus.  By  washing  out  the  rectum  and  introducing  a 
peculum  into  the  bowel,  with  the  patient  in  tlie  genu-]X'Ctoral  position,  the  rectum 
Hjcomes  inflated  with  air ;  the  finger  can  now  feel  very  distinctly  the  ^xisterior  surface 
»f  the  uterus  and  the  Fallopian  tubes,  and  by  running  the  finger  outwards  along  the  pro- 
ninent  fold  formed  by  the  utero-ovarian  ligament  the  ovary  is  lilso  very  distinctly  felt. 

On  opening  the  abdomen  by  a  mesial  incifii^^  ext^t\dii^S  ^^^^  ^^  umbilicus  to 
bepubes,  and  lookiug  into  the  pelvis  from  ^]^\^  atte^^   Ois^iWiuag  some  coils  of 
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the  small  intestine  upwards,  tlie  fundus  of  the  uterus,  directed   ibrwarc 

i  little  upwards,  is  seen  resting  upon  the  postero-superior  surface   of  the 

'i  Behind  the  uterus  is   the   rectum,  and   between  the  two  the   pouch  of 

::  containing  the  pelvic  colon  and  the  lower  part  of  the  ileum.     The  ova 

1  little  below  the  level  of  the  brim  of  the  pelvis  upon  a  triangular  shelf,  bo 

front  by  the  broad  ligament,  behind  and  internally  by  the  utero-sacral  ] 

and  behind  and  externally  by  the  pelvic  wall.     When  the  vermiform 

overhangs  the  brim  of  the  pelvis  its  tip  may  come  into  close  relation  with 

f  ovary,  a  condition  which  often  leads  to  a  difficulty  in  distinguishing  ai 

t  mation  of  that  ovary  from  appendicitis.     The  round  ligaments  are  seei 

:1  forwards  and  outwards  from  the  anterior  aspect  of  the  cornua  of  the  i 

the  internal  abdominal  rings,  which  lie  immediately  in  front  and  to  the  i 

of  the  terminations  of  the  external  iliac  arteries.     Below  and  at  the  inn 

j  the  round  ligament,  as  it  leaves  the  pelvis,  is  the  deep  epigastric  artery.     B 

.  the  uterus  upwards  the  attachments  of  the  broad  ligament  to  the  floor  ai 

5  walls  of  the  pelvis  are  brought  into  evidence,  as  also  are  the   utero-ve 

J  recto- vaginal  peritoneal  pouches ;  the  former  is  shallow,  while  the  deepes 

IT  the  latter  covers  the  upper  fourth  of  tlie  posterior  wall  of  the  vagina,  ai 

jl  into  relation,  therefore,  with  the  posterior  fornix. 

^.  The   ureter  crosses  tlie  brim  of  the  pelvis  in  front  of  the  bifurcatio 

common  iliac  artery  li  in.  external  to  and  a  little  below  the  centre  of  t 
promontory.  The  corresponding  point  on  the  anterior  abdominal  wall 
junction  of  the  outer  and  middle  thirds  of  a  line  joining  the  anterior 
spines  of  the  ilium.  After  crossing  the  termination  of  the  common  ilii 
from  witliout  inwards  the  ureter  curves  downwards  and  forwards  behind  tl 
neum  of  the  postero-lateral  w^all  of  the  true  pelvis  ;  in  front  of  it  are  the  '. 
tube  and  ovary.  Before  reacliing  the  bladder  it  enters  the  parametric  c 
tissue,  in  which  it  curves  downwards,  forwards,  and  inwards  about  three-qi 
an  inch  external  to  the  lateral  aspect  of  the  cervix  uteri. 

The  uterine  artery  in  the  first  part  of  its  course  runs  downwards  and 
a  little  external  to  the  ureter ;  at  the  level  of  the  internal  os  it  curves  ii 
front  of  the  iireter  and  then  divides  into  uterine  and  vaginal  branches. 
'  In  the  o^K^ration  of  hysterectomy  care  must  be  taken  not  to  injure  the  i 

is  important,  therefore,  to  keep  in  mind  its  relation  more  especially  to  th 
artery  and  to  the  cervix  uteri. 

The  ovarian  artery  enters  the  pelvis  between  the  layers  of  that  porti 
broad  ligament  known  as  the  inftmdibnlo-pelvic  ligament ;  it  is  here  that  t 
may  be  moat  readily  ligatured  in  abdominal  hysterectomy,  and  in  ovarioto 

THE  BACK. 

In  the  middle  line  of  the  back  is  the  spinal  ftirrow,  which  is  deepe 
lower  dorsal  and  upper  lumbar  regions,  where  the  erectores  spinse  muscles 
prominent.  Over  the  upi>er  sacral  region,  where  the  erectores  spinje  mu 
tendinous,  is  a  flattened  area  forming  an  equilateral  triangle,  the  angles 
correspond  res^^ectively  to  the  posterior  suj)erior  spines  of  the  two  iliac  bone 
third  sacral  spine.  The  vertebral  spines  can  be  palpated  at  the  bottom  of  t 
furrow ;  they  become  more  distinct  when  the  spine  is  flexed,  and,  as  poi 
by  Holden,  they  l^ecome  map])ed  out  by  reddened  areas  when  friction  is 
along  the  furrow.  The  identiflcation  and  counting  of  the  spines  will  ]je  fi 
it  it  be  rememl)ered  that  the  first  dorsal  is  more  prominent  than  the 
promineus  (seventh  cervical),  that  the  third  dorsal  is  on  a  level  with  th 
the  spine  of  the  scapula,  the  seventh  dorsal  ^vith  its  inferior  angle,  tli 
lum])ar  with  the  highest  part  of  the  iliac  crest,  and  the  second  sacral 
posterior  superior  iliac  spine. 

Al.)ove  the  spine  of  the  scapula  is  the  suprascapular  region,  which  is  pad 
thick  mass  of  muscle  consisting  of  the  supra-spinatus  and  levator  anguli 
covered  by  the  upper  part  of  the  trapezius ;  the  two  latter  muscles  may  b 
into  relief  by  shrugging  the  shoulders. 
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from  the  front.  P>ctvveeii  the  upper  end  of  the  kidney  and  the  eleventh  and 
ribs  is  the  diaphnii^m  and  the  posterior  costo-diaphragmatic  retlectiou  of  th^ 
( Fig.  921).  The  relations  of  the  pleura  to  the  last  rib  have  already  been  coi 
(p.  12:38). 

Posteriorly  the  course  of  the  upper  part  of  the  ureter  may  be  indicat 
line  drawn  vertically  u]:>\vards  from  the  posterior  superior  iliac  spine  to  the 
the  second  lumbar  spine  ;  the  deep  guides  are  the  tips  of  the  transverse  p 
of  the  second,  third,  and  fourth  lumbar  vertebrae,  covered  by  the  jisoas  mus< 

A  needle  ])assed  through  the  inner  extremity  of  the  eleventh  intercostj 
will  transfix  the  suprarenal  body. 

The  pus  of  a  perinephritic  abscess  occupies  the  extraperitoneal  fatty  laye 


Hib  IX 


Uib  X 


D»»st:oii'Jing  colon 


R:b  IJi 


RjbX 


Rib  XI 


\*i^:i.l 


Fii;.  0*jl.— Dissection  of  the  Splken%  Livkk,  and   Kidnkys  fkom  brhini),  in  a  Subject  hardi 

FOKMALIN-INJKCTION     (tVoni  CuUlli  11^1^111). 

renal  fat),  and  lies,  therefore,  within  the  fascial  enveloi>e  of  the  abdomen  ;  the 
a  psoas  abscess,  on  tlie  other  hand,  lies  external  to  the  fascia.  In  openinir  ^j 
iibscess  from  behind,  a  vertical  incision  is  made  in  the  angle  formed  by  tin 
l»order  of  the  elector  spinie  and  the  crest  of  the  ilium;  in  the  deeper  part 
dLssection  the  surgeon  should  keep  close  to  the  front  of  the  transverse  pro 
the  fourth  lumbar  vertebra. 

Diaphragin,  Liver,  Stomach,  and  Large  Intestine.— I  Posteriorly  th< 
arch  of  the  diaphragm  and  the  right  lobe  of  the  liver  extend  upwards  to  th( 
ol  the  angle  of  the  scapula  (eighth  rib),  while  the  left  arch  and  the  fundus 
stomach  lie  one  inch  lower  (eighth  interspace);  the  central  tendon  reaches 
t  lift  eighth  dorsal  spine.  The  right  lobe  of  the  liver  is  covered  poster iorlv 
ei^htli  to  the  twelfth  ribs,  and  is  overlapi)ed  by  the  base  of  the  right  lung  jis 
II  line  drawn  horizontally  outwards  from  the  tenth  dorsal  spine;  hence,  [)ost€ 
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\ 


i 


u|)wai\ls  Lo  the  level  of  the  eighth  dorsal  spine,  one  inch  below  the  au;jle  v 
scajjiila.  The  pyloric  portion  crosses  the  mesial  plane  opposite  the  twellth  tlorsi 
iirst  lumbar  spines,  tlie  pylorus  itself  Ixjing  situateil  one  inch  lo  tlie  riglit  r 
twelfth  dorsal  S])ine.  The  lesser  curvature  lies  to  the  lelt  of  and  below  the  teiill 
I'levenlh  dorsal  spines. 

\'ie\ved  from  behind,  tlie  large  intestine  on  both  sides  overlaps  tlie  <jiiter  1 
of  the  kidneys  and  lies  parallel  to  the  outer  border  of  the  ereetores  spiiue  nu 
The  peritoneum  is  relleeted  from  the  colon  on  to  the  posterior  abdominal  wall 
a  line  drawn  vertically  upwards  from  the  centre  of  the  iliac  crest.     The  splenic  fl 


obli 

JUi-   Ii«««.|lli'  of   lull;;       .._ 

I)::il.l,r.i;;i,I     :" 

— 

Livpi 

Uii'plii-iu'iii 


i^Ml  riiiTac"  -A'  !«!:»•• «.»!  ]u:ii: 


Grbst  iiniKiituiii 
"^dtftiiTfra^iiiiitio  nil*  Til- -n  m:  *! 


ri«:.     yj:{.-     l)l.S>Kl.TIO-\    t)K    Tllh     I.Krr    11  Y^•^)CaO^•DRlUM    TO   SHOW   THE     KfI.ATIuN-    i}\    THK    Sli  KEN    ; 
L.VTKHAL    Wall  of  the   Chk^ST,   the    iMAniKAtiM,    AND  THE   AUJA<  ENT   Vl>Ci:UA.         lit     a.l.li-ioit 
|Mirti')iiN  (if  ril)s,  tlji;re  has  boon  nniiDveJ  u  part  of  the  base  of  the  U-M  luiijr.  ami  a  wiu«low  has  :>c^'i 
in  thi:  diaiihragni  aliiiMst  tlown  to  the  level  of  the  costo-aiaphraginatic  ivHet'tion  i^f  the  iiK-ui.t. 

which  reaches  up  to  the  level  of  the  twelfth  dorsal  spine  and  the  tenth  lil 
about  tive  inches  above  the  iliac  crest.  The  hepatic  flexure  lies  on  a  le\td  wit 
first  lumbar  sj)ine. 

Spleen. — The  ^itlfcn,  situated  in  the  left  hypwhondrium  behin*!  the  cardij 
of  the  stomach,  is  o\erla])])ed  by  the  ninth,  tenth,  and  eleventh  ribs,  the  lon^ 
of  the  organ  corres])ondiiig  api)roximately  to  that  of  the  tenth  rib.  Betwee 
U[)per  third  of  the  sph^cii  and  the  chest  wall  (]»leura  and  diaphragm  inter>oni 
tlie  l.iase  of  the  left  lung,  the  lower  margin  of  which  crosses  the  organ  hori/.oi 
at  the  level  of  tlie  tenth  dorsal  spine.     The  costo-diaphragmatic  reflection  < 
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L  reaches  down  as  far  as  the  inferior  angle  of  the  spleen.  The  upper  limit  of 
rgan  cannot  therefore  be  defined  by  percussion;  and  unless  enlarged,  or 
ced  downwards,  the  spleen  cannot  be  punctured  from  behind  without  traversing 
eural  as  well  as  the  peritoneal  cavity. 

•  the  three  angles  of  the  spleen,  the  posteHor  or  vertebral  lies  at  the  same  level 
3  lower  margin  of  the  lung,  11^  in.  external  to  the  tenth  dorsal  spine.  The 
or  angle  lies  opposite  the  eleventh  intercostal  space  on  a  level  with  the  first 
ir  spine,  in  a  line  drawn  vertically  upwards  from  a  point  one  inch  behind  the 
5  of  the  iliac  crest.  This  angle  is  situated  behind  the  upi)er  part  of  the 
iding  colon  immediately  external  to  the  middle  of  the  outer  border  of  the 
y.  The  anterior  angle  is  at  the  level  of  the  ninth  interspace  in  the  mid- 
ry  line.  Having  placed  a  mark  on  the  skin  opposite  these  three  angles  the 
is  mapped  out  on  the  surface  as  follows : — The  posterior  or  renal  border  is 
led  by  joining  the  posterior  and  inferior  angles ;  this  border,  which  gives  tlie 
3  the  position  of  the  spleen,  will  be  found  to  follow  the  eleventh  intercostal 
The  short  antero-inferior  border  corresponds  to  a  line  joining  the  anterior 
he  inferior  angles ;  it  is  related  to  the  splenic  flexure  of  the  colon,  and  may 
fore  be  termed  the  colic  border:  Commencing  at  the  vertical  angle,  the  so- 
.  anterior  border  is  at  first  arched  upwards,  the  summit  of  the  arch  reaching 
3  level  of  the  upper  border  of  the  ninth  rib  in  the  scapular  line ;  thence  it  is 
lucd  downwards  and  forwards  across  the  posterior  axillary  line  as  the 
Tior  crenated  border  "  to  the  anterior  angle.  The  upper  arched  portion  lies 
iel  to  and  about  one  inch  below  the  highest  part  of  the  fundus  of  the  stomach. 
»nly  parts  of  the  splenic  outline  which  can  be  defined  by  percussion  are  the 
crenated  part  of  the  anterior  border,  the  anterior  angle,  and  the  short  postero- 
or  or  colic  border ;  and  it  is  these  parts  which  may  be  felt  below  the  costal 
in  when  the  organ  is  considerably  enlarged. 

1  excising  the  spleen  it  is  important  to  remember  that  the  splenic  vessels  lie 
ien  the  two  layers  of  the  lieno-renal  ligament,  and  not  in  the  gastro-splenic 
tum,  which  contains  the  vasa  brevia.  In  a  floating  spleen  these  two  peritoneal 
.ents  are  elongated  to  form  a  distinct  pedicle. 

ancreas. — The  head  of  the  pancreas  lies  opposite  the  last  dorsal  and  fii-st 
ar  spines ;  the  tail  lies  at  the  same  level  as  the  splenic  flexures  of  the  colon,  a 
above  the  inferior  basal  angle  of  the  spleen. 

Table  indicating  the  Level  of  the  more  important  Structures  in 

RELATION   TO   THE   SpINES   OF  THE   VeRTEBR-^:. 


es  of  VertebrsB.      Origins  of  Spixial  Nerves. 


Cervical 


2  Cervical 
3  and  4 


Doi-sal 
Dorsial 


1  and  2  Doi>al 

3  „ 

4  Doi>al 


5  and  6 


Level  of  other  Structures. 

Soft  palate. 

Istlnnn.s  of  fauce^*. 

Ui)i)er  part  of  ej)iglotti.-^ 

Vocal  coitls. 

Crico-tbyroid  membrane. 

Arch  of  thoracic  duct. 

Commencement  of  trachea  and  a»s<j]>hagii.s 

Lower  end  of  cervical  enlargement  of  cord. 

Inferior  cervical  ganglion. 

Apices  of  lung. 

Summit  of  arch  of  aul>clavian  arten*. 

Up]Kir  angle  of  .scaj)ula. 

Just  al)Ove  level  of  highest  part  of  arch  of 

aorta. 
Episternal  notcli. 
Root  of  sj»ine  of  t^capula. 
Arch  of  vena  azygan  major. 
Higliest  part  of  lower  lobet*  of  lungs. 
Termination  of  transven^e  j)ortion  of  anrh 

of  aorta. 
Bifurcation  of  trachea. 
Lower  limit  of  8U}>erior  mediastiuum. 
Aiigulu8  Ludovici. 
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Table  indicating  the  Level  of  the  more  important  Structures  is 

RELATION   TO   THE   SpINES   OF  THE  VERTEBRiE — Continued, 


I 


! 


] 

! 


Spines  of  Vertebrsa.      Origins  of  Spinal  Nerves. 


Level  of  other  Stractnrei. 


4  Dorsal 


5 

>i 

6 

» 

7 

» 

8 

n 

1) 

6  Dorsal 


10 


II 


12  Dorsal  and  1  Lumbar 


10     „ 


11       „ 


12       „ 


2  Lumbar 


3  and  4 


1,  2,  3  Sacral 


I  Lumbar 

2 
3 


4  and  5 


I  Sacral 


(Commencement    of    descending    thon 
aorta. 
Bronchi. 
Upper  limit  of  heart. 
I  r  Centre  of  root  of  lung. 
I  \  Mitral  orifice. 
I   Tricuspid  orifice. 

I  ( Lower  angle  of  scapula. 

\\  Orifice  of  inferior  vena  cava. 

I I  Right  arch  of  diaphragm. 

(Lowest  limit  of  heart. 
Left  arch  of  diaphragm. 
Fundus  of  stomach. 
Xiphi-stemal  articulation. 

Upper  limit  of  spleen. 
j  ^Cardiac  orifice  of  stomach. 

Upper  end  of  lumbar  enlargement 

Lower  border  of  lung,  posteriorly. 

Vertebral  angle  of  spleen  (apex  of  splee 

Upper  end  of  left  kidney. 

.Lesser  curvature  of  stomach. 

Lower  limit  of  pleura  at  vertebral  cului 

Upper  end  of  right  kidney. 

Suprai-enal  capsule. 

Body  of  pancreas. 

Lesser  curvature  of  stomach. 

Level  at  which  pleura  crosses  twelfth  ri 

Lower  end  of  spIeeiL 

Splenic  flexure  of  colon. 

IJpper  part  of  head  of  pancreas. 
,  Pylorus  and  pyloric  portion  of  stomach 
^Conus  medullaris. 

Ix)wer  limit  of  pleura  (mid-axillary  line 

Hili  of  kidneys. 

Head  of  pancreas. 

Hepatic  flexure  of  colon. 

Poilal  vein. 

Second  part  of  duodenum. 

Greater  curvature  of  stomach. 
^Common  bile  duct 
(Commencement  of  ureters. 
\  Lowest  part  of  head  of  pancreas 
( Lower  limit  of  cord  in  child. 
I  Lower  ends  of  kidneys. 
(Third  part  of  duodenum. 
I  Highest  part  of  crest  of  ilium. 
\  Bifurcation  of  aorta. 
[  Umbilicus. 
( Common  iliac  arteries. 
\Ileo-caecal  valve. 

Sacral  promontory. 

Lower  end  of  subdural  space. 
j  i  Upper  end  of  gluteal  cleft. 
J  Lower    limit  of  sub -arachnoid  and  ei 
,  \    dural  spaces. 


Spinal  Cord. — The  spinal  cord  ends  opposite  the  lower  border  of  the 
lumbar  spine;  in  the  infant  it  reaches  to  the  interval  between  the  second 
third  lumbar  spines.  The  cervical  enlargement  which  corresponds  to  the  lower 
cervical  and  the  first  two  dorsal  segments  ends  opposite  the  seventh  cervical  8 
The  luvihar  enlargement  lies  opposite  the  last  three  dorsal  spinea  The  five  lu; 
segments  are  opposite  the  ninth,  tenth,  and  eleventh  dorsal  Bpinas^  while  thi 
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tVactureil  as  the  result  of  force  transmitted  througli  it  to  tlie   truuk. 

placemeiil  of  the  outer  fra^nucut  varies  according  to  whether  the  break  tal- 

internal  or  external  to  the  coraco-clavicular  ligament ;  in  the  former  case  th 

(»f  tlie  u]»per  extremity,  acting  through  the  coraco-clavicular  ligament,  } 

^  outer  fragment  dmvnwards ;  when  the  fnicture  is  external  to  the  ligament,  t 

H  end  of  the  clavicle  rotates  forwards,  but  there  is  no  downward  dL^placenie: 

outer  end  of  the  clavicle  is  on  a  plane  posterior  to  its  inner  end,  ro  that  the 

is  braced  backwards  away  from  the  thorax;  hence  in  fractures  of  the  ela^•^ 

h  inside  and  outside  the  coraco-clavicular  ligament,  the  point  of  the  shoulde 

C  forwards  and  inwards.     The  acromio -clavicular  articulation  is  soniew  hat  di 

I  feel:  the  gri)Ovi'  whicli  corresponds  to  it  runs  in  the  sagittal  direction, 

Ij  in.  internal  to  the  outia*  border  of  the  acromion,  and  immediately  exte 

■  slight  prominence  u[)on  the  outer  extremity  of  the  clavicle.      When    thi? 

dislocate<l  the  clavicle  almost  invariably  overrides  the  acromion^  ami   the 

of  the  shouhler  presents  a  somc^what  conical  or  "sugar-loaf"  appearance. 

The  tip  of  the  acromion  looks  directly  forwards,  and   lies  a   finger's 

external  to  and  a  littli^  in  front  of  the  outer  extremity  of  the  clavicle.     1 

;i  border  of  the  acromion  can  readily  ])e  followed  to  its  junction  with  the  spin 

J  scai^ula,  and  the  latter  to  its  root,  which  is  situated  on  a  level  with  the  thii 

-^  spine.     Tin*  inner  border  of  the  acromion  and  the  posterior  l»order  of  the  •»! 

(d'  tln'  clavicle  met^t  at  an  angle  into  which  the  point  of  the  finger  <!an  l»e 

The  upper  angle  of  the  scapula,  covered  by  the  trapezius  and  the  suprji 

;-•  muscles,  is  too  deeply  ]>laced   to  be  pal])ated  distinctly.     The  inferior  an 

the  internal  border,  from  the  r<X)t  of  the  spine  downwards,  form  visible  pror 

which  are  readily  felt;  the  former  overlies  the  seventh  intercostal  space  oe 

with  the  seventh  dorsal  spine,  while  the  latter  lies  a  little  internal  to  the  i 

^ -  the  ribs. 

Tc)  elicit  crejiitus  in  a  trausvi.Tse  fnicture  of  the  scapula  below  the  spine,  the 
stands  behiu<l  the  j)Mtient  and  grasps  the  upper  fragment  by  placing  the  forefini 
the  coracoi<l  ami  the  thinnb  upon  the  spine,  while  with  the  other  hand  he  gi 
inferior  angle  ;  the  two  fragments  are  then  moved  the  one  u[x>n  the  c»tlier. 

The  tip  of  the  coracoid  process  may  )>e  felt  by  pressing  the  finger  iirmly  i 
anterior  bordi^r  of  the  deltoid  at  a  ])oint  one  inch  l)elow  the  junction  of  tin 
and  outer  thirds  of  the  clavicle.  Internal  to  the  coracoid  is  a  triangular 
sion  which  corresponds  to  the  u])i^)er  end  of  tiie  interval  between  the  cl 
fibres  of  the  pectoralis  major  and  deltoiil  muscle^s.  Behind  this  triangular 
sion  are  the  termination  of  the  cephalic  vein,  a  lymphatic  gland,  the  tirsi 
the  axillary  vessels,  and  the  cords  of  the  brachial  plexus.  By  iirui  pressure 
situation  the  pulsation  of  the  axillary  artery  can  be  felt,  and  by  further 
the  circulation  in  the  vessel  can  be  arrested  by  c^^mpressing  the  artery  aga 
second  rib.  Thi^ /i rsf  parf  of  the  axillary  artery  may  be  cut  down  upon  ei 
a  transverse  incision  through  the  cLivicular  origin  of  the  pectoralis  major, 
longitudinal  incision  in  the  interval  between  this  muscular  slip  and  the 
Tlie  companion  vein  lies  in  front  of,  as  well  as  to  the  thoracic  side  of,  thi 
thus  adding  to  the  dilllculty  of  exposing  the  vessel.  In  fractures  of  the 
third  of  the  clavicle  the  subclavian  vessels  are  protected  V»y  the  soft  pad  foi 
the  subclavius  muscle. 

The  upper  end  of  the  humerus  covered  by  the  deltoid  gives  rotun<litj 
shoulder.  The  greater  tuberosity  projects  beyond  the  acromion,  and  constit 
most  external  Ijouv  landmark  of  the  shoulder.  When  the  he^id  of  the  bon 
located,  the  outer  border  of  tlie  acromion  then  becomes  the  most  extern 
landmark,  and  the  shoulder  ])r(»sents  a  .square  contour.  The  lesser  tuberosil 
but  conical,  can  be  felt  through  the  deltoid.  Pointing  directly  forwards,  it 
inch  external  to  and  a  little  below  the  level  of  the  tip  of  the  coracoid  proc* 
exandning  the  ui>per  end  of  the  humtTus  for  fracture,  the  tuberosities  sh 
grasjx^d  ln'tween  the  finger  and  thumb  of  one  hand,  while  the  flexed  € 
rotated  with  the  other  hand.  The  head  of  the  humerus  has  tlie  same  dire 
the  intenial  condyle;  its  lower  ]>art  can  l»e  jvilpated  through  the  axilla,  t 
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being  meanwhile  abducted,  to  bring  the  head  in  contact  with  the  under  surface  of 
the  capsule.  It  is  through  this,  the  weakest  part  of  the  capsule,  that  the  head  is 
driven  in  the  common  varieties  of  dislocation  of  the  shoulder,  viz.  those  due  to 
forcible  abduction.  The  upper  epiphysis  of  the  humerus  includes  the  head  and  the 
greater  part  of  the  tuberosities.  The  capsule  is  mainly  attached  to  the  epiphysis ; 
hence,  in  children,  we  find  that  separation  of  the  upper  epiphysis  takes  the  place  of 
dislocation.  Disease  in  the  upper  end  of  the  diaphysis  does  not  necessarily  involve 
the  cavity  of  the  joint.  The  bicipital  groove  of  the  humerus,  which  lies  imme- 
diately external  to  the  lesser  tuberosity,  may  be  mapi)ed  out  up<m  the  surface  by 
drawing  a  line,  two  inches  in  length,  downwards  along  the  axis  of  the  humerus 
from  the  tip  of  the  acromion.  When  there  is  effusion  into  the  joint,  the  arm  be- 
comes slightly  abducted,  and  there  is  fulness  in  front,  along  the  line  of  the  long 
tendon  of  the  biceps.  With  the  elbow  at  the  side  the  inferior  part  of  the  capsule 
of  the  shoulder-joint  is  loose  and  folded  upon  itself  to  form  a  dependent  i>ocket ; 
if,  after  an  injury,  the  arm  be  retained  too  long  in  this  position,  the  patient  may  be 
unable  to  abduct  the  arm  in  consequence  of  the  formation  of  adhesions  in  and 
around  the  pouch.  To  evacuate  pus  from  the  shoulder -joint,  the  integuments, 
deltoid,  and  capsule  should  be  cut  into  by  an  incision  passing  vertically  downwards 
from  the  tip  of  the  acromion. 

THE  AXILLA. 

The  anterior  fold  of  the  axilla,  formed  by  the  lower  border  of  the  pectoralis 
major,  extends  from  the  fifth  rib  to  the  middle  of  the  anterior  border  of  the  deltoid. 
With  the  arm  abducted,  the  interval  between  the  sternal  and  clavicular  fibres  of 
the  pectoralis  major  is  indicated  by  a  slight  groove  extending  downwards  and  out- 
wards from  the  inner  end  of  the  clavicle.  The  sternal  fibres,  along  with  the 
pectoralis  minor,  are  removed  in  a  complete  operation  for  malignant  disease  of  the 
breast,  the  pectoral  branches  of  the  thoracic  axis  artery  being  secured  as  they 
cross  the  interval  between  the  sternal  and  clavicular  portions  of  the  greater  pectoral. 
The  posterior  fold  of  the  axilla,  formed  by  the  latissiuius  dorsi  and  the  teres  major 
muscles,  is  on  a  lower  level  than  the  anterior  fold,  and  leaves  the  chest  a  little  in 
front  of  the  inferior  angle  of  the  scapula.  Between  the  two  folds,  and  running  in 
the  long  axis  of  the  limb,  from  the  axilla  to  the  middle  of  the  upper  arm,  is  the 
prominence  of  the  coraco-bracliialis  muscle.  The  pulsations  of  tl)e  third  part  of 
the  axillary  artery  may  be  felt  in  the  furrow  immediately  beliind  this  prominence 
at  the  junction  of  the  anterior  and  middle  thirds  of  the  oiiter  wall  of  the  axilla. 

Female  Mamma. — The  breast  tissue  proper  is  arranged  to  form  a  central 
portion,  the  corpus  mammcc,  and  a  peripheral  porticm,  made  up  of  brandling 
processes  which  radiate  into  the  paramammary  fat  and  become  continuous 
ultimately  with  the  connective  tissue  septa  of  the  sulKiutaneous  fatty  tissue.  The 
mamma,  therefore,  has  no  distinct  capsule.  In  the  young  adult  nulliixjira,  the 
corpus  mammae  is  compact  and  well  defined,  and  contains  but  little  intramammary 
fat,  while  the  peripheral  processes  are  relatively  small.  In  multii)iira,  the  coqnis 
manmio^  contains  more  fat,  and  the  peripheral  pnxjesses  extend  more  widely  into 
the  paramammary  fat. 

The  arrangement  and  extent  of  the  parenchyma  can  be  well  seen  by  treating  the  breast  with 
a  5  per  cent  solution  of  nitric  acid.  If  elices  of  the  fri'sh  organ  be  placed  in  thi^*  Kohition  for  a 
few  minutes  and  then  washed  under  running  wat«r,  the  albumen  ot  the  epithelial  cells  of  the 
parenchyma  is  coagulated,  while  the  conne<:tive  tissue  is  rendered  translucent  and  somewhat 
gelatinous.  The  ultimate  lobules  of  i\\fi parenchyma  now  aj)pear  as  little  (1  to  2  mm.),  dull,  opaque, 
white,  sago-like  bodies,  arrangefl  in  grape-like  clusters  around  the  finer  branches  of  the  ducts. 

The  parenchyma  is  prolonged  into  the  i)eripheral  processes,  into  the  susj^ensory 
ligaments  of  Cooper,  and  into  the  loose  retromammary  cellular  tissue  and  ^Kjctoral 
fascia.  The  breast  tissue,  therefore,  has  a  much  wider  distribution  than  was 
formerly  supposed.  Vertically,  it  extends  from  tlie  second  rib  to  the  sixth  costal 
cartilage  at  the  angle  where  it  liegins  to  ascend  towards  the  stenium;  horizontally, 
from  a  little  within  the  lateral  l)order  of  the  sternum,  opposite  the  fourth  rib,  to 
the  fifth  rib  in  the  midaxillary  line.     The  inner  hemisphere  of  the  mamma  rests 
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aliiiosl  entirely  on  tli»>  ])ectoralis  major;  at  its  lowest  jwirt  it  slightly  ovi>] 
ui)])er  pari  of  the  aj»uneurosLs  coverin*;  the  reetus  alidominis  mnsfle.  Tl 
(juadn/nt  {)['  ilie  nutrr  hemUphrre  rests  upon  the  greater  i)ectoral.  on  the 
the  lesser  ]>e</toral,  and  to  a  slight  extent  on  the  serratus  lua^nns,  iiikh 
it  extends  ui)\vards  into  the  axilla  ("  iixillary  tail"  of  Spence)  as  liigh  as  il 
ril),  where  it  conies  into  relation  with  tho*^  tlioracie  grouj)  of  axillary  ly 
glands.  The  remniiulcr  of  the  outer  hemisphere  rests  almost  entirely  w 
serratus  magnus,  exeei)t  the  h)west  ]>art,  wliieh  overlaps  tlie  di»^itationr 
external  ohli(iue  arising  from  the  fifth  and  sixth  rihs.  It  follows,  tlierefV 
full}/  one-third  nf  the  who/r  mamma  lies  inferior  and  externnl  to  thr. 
lorder  of  the  pertondis  major  muscle.  The  surgeon  must  eut  1h\voiuI  th 
limits  if  he  wishes  to  remove  the  whole  of  the  mannnary  tissue. 

Tlie    axillary  f.iysc-ia   resists   the    siK)ntiinoous  rupture  of  an  axillary    abseesn 

therefore,  tends  t;o  spreiid  upwards  beneath  the  pectorals,  and  towanfs  the   nn. 

neck.     To  open  the  ahsoess  the  iucisiou  shimld  be  made  uiK)n  the  inner   wall, 

and  parallel   to,  the  long  thoracic  artery,   wiiicii  runs  under  cover  of  the  anter 

Bracliial  artery  C'lKvicIi' 

Hic'ps  trMi«l<in  Anterior  axiUarv  fold 

.      _        Supiiiatiir  longus  ('unu't.»-lirjichiulis       Ut-ltijia  ' 


Uirnjis 


llicipitiil  fii^c'EiL 

[la^TiEri]  rmiiVvW 

Jlr.'14'.hiaii^  niitirnit 

h]tvriia]  iiit-'miEiririihir  sr|'timi  ^^■^H^b        9- 

I'cisb'rior  iixillary  foM 
Fi«:.  0*Jt.     Axilla,  Innkk  AspKfT  of  Uitlk  .Vkm  and  Elbi»w. 

The  axillary  lymphatic  glands  vary  gnratly  iii  size  and  nunil>er;  many  are  m 
than  n  pin's  head.  In  the  feniale  some  of  theui  uuder^ro  an  Jidipose  functional 
tion.  wherehy  they  c<»nie  to  resemble  fat  lobules.  In  health  one  or  twj)  glands  can 
be  fell  by  thrust iu;^  the  fingers  u])\vards  and  iuwai-ds  beneath  the  anti-rior  fold,  t 
being  only  .Nliirhtly  ahduete<i,  so  as  not  to  stretj-h  the  axillary  fascia.  Tlie  rtnfni 
(Leaf),  eniheddetl  in  the  fat  inunedialely  biMieath  the  axillary  fascia.  V>ccome  inllr 
])oisoned  wounds  of  tlu?  u])]>er  extremity.  The  s;ime  grouj),  along  with  the  pt^cfor* 
(related  to  the  inner  wall  of  the  axilla,  at  the  lower  bonier  of  the  pector.ilih  mir 
usually  th(?  tirst  to  bi?ef»nK'  diseased  in  mali^uaiit  affections  of  the  breast.  \V 
disease  is  ninre  advanced  the  /xmUrior  t subscapular)  and  the  apie^il  (subelavieularj 
are  irenerally  affected  as  well  ;  and  Kntter  has  shown  that  in  a  considerable  ])or]hi 
ea^es  <lisras»Ml  -.ilands  are  to  be  found  in  the  rrf  nt-prctural  /'i^ria^  i.t:,  between  I  lie  ]n 
major  and  niin«»r  and  abnve  the  latter  nm^cle  on  the  first  intercostal  sjiace  in  rt-h 
tli«.*  sniill  sup.  rinr  ihoraeie  artery.  In  operatiuj;  for  malignant  disease  of  the  bn 
surLre«»u  n  innvrs,  in  ad'liti«)U  to  the  whole  brea>t  and  the  greater  part  of  i\w  >kin 
b.ith  pect'H-al  niusele^  (with  the  exee|»tiou  of  the  clavicular  fibres  of  the  jurtonili> 
all  the  axillarv  lyniphatie  glautls,  and,  as  far  as  j)OMsible,  all  the  fat  and  fascia,  inchu 
^licath  iii  ili«'  axillary  vein.  It  must  be  reniembereil  tliat  the  lower  ]»art  of  the 
v.'in  lies  irnniedialely  und(M-nealh  the  dee])  fascia  of  tiie  outer  wall  of  the  axilla  :  i 
iwj  the  iiuMT  wall  the  l<»n^-  th«»racie  ni?rve  must  not  be  iujuivd  :  and  in  reniov 
p<i>i»M'i(»r  LTi'^uj)  of  lyinjihatie  "rlands  the  lonir  subsca])ular  nerve,  whi<di  aeeonifxu 
subscapular  vessrls,  must  be  avoi'lrd,  as  it  is  <loubly  important  to  retain  the  actioi 
1  iti«iinus  d(»rsi  after  removing  the  j)e(rtoraIs.  'I'he  writer  has  so  freijuently  ni 
•  li-ease  in  tln-e  niro-pvetoral  inlands,  that  lie  is  eoiivinced  of  the  necessity  of  n 
till-  pectoral  muhcles. 


THE  UPPER  ARM. 
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THE  UPPER  ARM. 

The  anterior  and  posterior  borders  of  the  deltoid  may  l»e  traced  from  the 
shoulder  girdle  to  the  insertion  of  that  muscle.  The  surface  relations  of  the  anterior 
border  have  already  been  referred  to ;  the  posterior  border  forms  a  well-marked 
aDd  important  landmark  as  it  crosses  the  angle  between  the  axillary  border  of  the 
scapula  and  the  upper  part  of  the  shaft  of  the  humerus.  By  making  an  incision 
along  this  part  of  the  posterior  border  of  the  deltoid,  and  retracting  the  edge  of  the 
muscle  upwards  and  outwards,  we  expose  the  surgical  neck  of  the  humeruB,  the 
quadrilateral  opening  in  the  posterior  wall  of  the  axilla  transmitting  the  posterior 
eircumflex  artery  and  the  circumflex  nerve;  a  little  lower  down  is  the  musculo- 
epiral  nerve.  The  coraco-brachialis,  the  guide  to  the  upper  half  of  the  brachial 
artery,  forms  a  prominence  occupying  the  upi)er  half  of  the  internal  bicipital  furrow. 
Traced  downwards  the  internal  bicipital  furrow  widens  out  into  an  elongated 
triangle.  This  triangle,  which  may  be  termed  the  internal  supracondyloid  triangle, 
becomes  continuous  l)elow  with  the  inner  part  of  the  triangle  in  front  of  the  bend 
of  the  elbow,  and  is  limited  posteriorly  by  the  internal  intermuscular  septum,  which 
may  be  felt  as  a  cord-like  band  extending  upwards  from  the  internal  condyle ;  the 

irpad  of  radiuH  ExteiiH<tr  carpi  radiHlin  brcvioi 
External  condyle  Fostterior  intenisneouM  iiitvi» 

ExtcnHor  carpi  radialiM  lon^ior   .  Extt* nMor  OKsis  niotncari'i  ]>ollici8 

MuHCulo-Kpiral  nerve  I  Middle  ihec.-il  tuliorclc 

Extenial  intermuscular  Heptun^  Uicepn  ^^tvl(»id  pnK-ess  of 

Circumflex  nerve  \  !  thinl  n:etacarpal 


Ifoftd  of  ulna 


Infhufpinatus 


TriceiM*  tendon 
\  Outer  head  of  triceps 

Po»terir)r  l»oider  of  deltoid 
j  L<»nK  liea<l  of  triceps 

Teres  mi^^r 
I^tisMimus  dorMi 


piisl«Tior  lK)rd<'r  of  ulna 
Flexor  carpi  ulnaris 
ExteuKor  cur])!  ulnnris 
Kxtenrtor  comniuniH  di);itoruiii 
Anconeus 
Tip  of  olecranon  pnicess 


Fn;.  925. — Extensor  Asffat  of  Upi'eh  Limh. 


floor  of  the  si)ace  is  formed  by  the  inner  i)art  of  the  brachialis  anticus.  Within 
the  triangle  are  the  following  important  structures,  enumerated  from  without  in- 
wards, viz. :  the  brachial  artery,  the  median  nerve,  the  lower  part  of  the  basilic 
▼ein,  the  internal  cutaneous  nerve  and  the  supracondyloid  lymphatic  glands,  two 
or  three  in  number.  Extending  upwards  from  the  external  condyle  to  the  insertion 
of  the  deltoid  is  the  external  intermuscular  septum,  winch  is  pierced  at  the 
junction  of  its  upper  and  middle  thirds  by  the  musculo-spiral  nerve.  Betw(*en  the 
external  intermuscular  septum  and  the  outer  edge  of  the  bicei)s  is  the  ill-defined 
external  hicipital  furrow ,  the  floor  of  which  is  formed  by  a  strip  of  the  brachialis 
anticus,  and,  nearer  the  elbow,  by  the  supinator  longus  and  extensor  caq)i  radialis 
longior. 

The  posterior  comiwirtment  of  the  upper  arm  is  occii]>ied  by  the  triceps,  the  long 
head  of  which  can  be  traced  upwards  to  the  nxillary  border  of  the  soa])ula  in  front 
of  the  posterior  border  of  the  deltoid  and  lH?hind  the  jjosterior  fold  of  the  axilla. 
The  outer  head  of  the  triceps,  after  emerging  from  under  cover  of  the  lower  ]»iirt 
of  the  posterior  border  of  the  deltoid,  is  continued  obliquely  down  the  outer  asjject 
of  the  u])]>er  arm  as  a  well-marked  muscular  el<»vati<>n.  Above  the  (»locranon  is 
the  stra])-liko  tendon  of  insertion  of  the  tricei)S,  which,  when  the  elbow  is  fully 
flexed,  forms  an  admiralJe  posterior  splint  in  supracondyloid  fractures  of  the 
humerus. 

The  brachial  artery,  sliglitly  overlapi)ed  in  the  upper  half  of  the  arm  by  the 
coraco-brachialis  and  in  the  lower  half  by  the  bi('e]»s,  can  l»e  fell  pulsiitini^  through- 
out the  whole  lengtli  of  the  anterior  part  (A  lhi»  internal  Incipilal  furrow.     The 
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course  of  the  vessel  may  be  mapped  out  upon  the  surface  by  drawing  a  I 
the  inner  l)order  of  the  coraco-brachialis,  at  the  level  of  the  iK)sterior  fol 
axilla,  downwards  to  a  point  (opiHjsite  the  neck  of  the  radius)  i  in.  h 
midille  of  the  bend  of  the  elbow.  In  ligaturing  the  vessel,  the  edge 
coraco-brachiahs  and  biceps  muscles,  together  with  the  median  nerve,  furni 
able  guides  to  the  artery,  the  mobility  of  which  is  often  a  source  of  tr 
performing  the  oi)eration. 

The  basilic  vein,  which  is  superficial  to  the  deep  fascia  in  the  lower  ihi 
up})er  arm,  is  visible  in  the  internal  supracondyloid  triangle  and  the  lowe 
the  internal  bicipital  groove.  The  cephalic  vein  ascends  a  litth*  interna 
outer  edge  of  the  triceps  to  reach  the  interval  Ijetween  the  deltoid  and  p 
major. 

Tlie  surface  guide  for  the  median  nerve  is  the  same  as  that  for  the 
artery.  The  ulnar  nerve  is  indicated  superficially  by  a  line  extending  f 
outer  wall  of  the  axilla  immediately  behind  the  prominence  of  the  coraeo-bi 
to  the  back  of  the  internal  condyle ;  in  the  upix^r  half  of  the  arm  the  n 
close  })eliind  the  brachial  artery  under  cover  of  the  basilic  vein,  while  in  tl 
half  it  lies  a  little  behind  the  internal  intermuscidar  sei>tuni,  jartially  oi 
in  the  fibres  of  the  inner  head  of  the  triceps.  To  map  out  the  coursi^  of  tlie 
spiral  nerve,  first  mark  the  point  where  it  pierces  the  external  intern 
septum,  viz.  the  junction  of  the  up[)er  and  middle  thirds  of  a  line  extendi 
llie  insertion  of  the  deltoid  to  the  external  condyle:  from  this  point  dra 
ol)li(|nely  downwards  and  forwards  to  the  front  of  the  external  condyle,  wl 
nerve  divides  into  its  radial  and  ]>osterior  interosseous  branches.  To  nia]» 
nerve  as  it  lies  in  the  musculo-spiral  groove,  draw  a  line  from  the  s<ai 
(.>bli([uely  upwards  across  the  ])rominence  formed  ]>y  the  outer  head  of  the  ti 
the  junction  of  the  posterior  fold  of  the  axilla  with  the  upi)er  ann.  In  frac 
the  humerus  in  the  neighbourhood  of  the  insertion  of  the  deltoid,  the  nervt 
infrecjuently  lacerateil,  or  so  involved  in  the  callus  as  to  produce  the  c 
known  as  ''  (Irnj)-irristJ'  the  result  of  paralysis  of  the  extensor  muscles 
forearm.  To  cut  down  u])on  the  nerve,  commence  the  incisi«m  a  little  l>t 
jKjint  where  it  pierces  the  external  intermuscular  septum,  and  carry  it  ol 
upwanls  and  slightly  backwards  through  the  outer  head  of  the  triceps. 

The  shaft  of  the  humerus,  nowhere  subcutaneous,  is  most  readily  inani 
in  the  region  of  the  insertion  of  the  deltoid,  upwards  along  the  outer  heat 
triceps,  and  downwards  behind  the  external  supracondyloid  ridge.  The 
neck,  situated  between  the  tuberosities  and  the  attachments  of  the  muscles  i 
into  the  region  of  the  bicipital  gr<»ove,  is  related  to  the  outer  wall  of  the  axi 
is  on  a  level  with  the  junction  of  the  upjKir  and  middle  thirds  of  the  dell 
the  same  level  are  the  circumflex  vessels  and  nen*es. 

The  shaft  may  he  cut  down  upon  with  least  injury  to  soft  parts:  (1)  in  i 
f/iird,  anten'ar/?/^  by  an  incision  extending  downwanis  tlirough  the  anterior  fibre 
deltoid,  parallel,  an<l  a  little  external,  to  the  bicipital  groove  ;  the  sheath  of  th 
will  thus  be  avoided,  and  the  small  anterior  circumflex  artery  will  be  the  onl 
divided.  (2)  In  the  uppn-  third,  pos^itrlorly,  by  an  incision  througli  the  ix)8tori< 
of  the  deltoi<l,  the  bono  being  reached  just  external  to  the  origin  of  tiie  outer  hea 
tricei)S,  thus  avoiding  the  musculo-spiral  nerve  ;  the  circumflex  vessels  and  norvei 
exposed  at  the  upper  part  of  the  wound.  (3)  In  the  loif^er  third,  by  an  incision  e: 
uji wards  from  the  back  of  the  external  condyle  a  little  to  the  inner  side  of  the 
intoniniscular  sej)tuni. 

THE  ELBOW. 

In  injurit's  about  the  elbow  the  diagnosis  rests  mainly  ujKjn  the 
positions  of  the  bony  points,  which  are,  therefore,  of  great  importance 
epicondylar  processes  of  the  humerus  are  both  subcutaneous  and  upon  tl 
lovel,  the  inttrn:il  l)eing  the  more  prominent.  In  the  extended  position 
elb.)w  tht^  U\)  of  thr,  olecranon  is  on  a  level  with  a  line  joining  the  epico 
when   the   fort^arm   is  Hexed    the  olecranon  descends,  and  when   full    fie: 
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reached  it  lies  1  in.  below  the  condyles,  and  in  a  plane  anterior  to  the  posterior 
8uri*ace  of  the  lower  end  of  the  humerua  The  head  of  the  radius,  which  lies  nearly 
1  in.  below  the  external  epicondyle,  is  best  manipulated  from  behind  by  placing 
the  thumb  upon  it,  while  the  semi-flexed  forearm  is  being  alternately  pronated 
and  supinated.  Upon  the  outer  part  of  the  posterior  aspect  of  the  extended 
elbow  is  a  distinct  dimple,  which  overlies  the  radio-humeral  articulation;  this 
dimple,  along  with  the  hollows  on  either  side  of  the  olecranon,  becomes  effaced  in 
gynovial  thickenings  and  effusions  into  the  joint.  The  coronoid  process  is  situated 
too  deeply  to  he  distinctly  felt.  The  lower  epiphysis  of  the  humerus  includes  the 
articular  portion  of  the  lower  extremity  and  the  external  condyle ;  it  is,  therefore, 
small  and  ahnost  entirely  intra-articular,  so  that  foci  of  disease  in  its  neighbour- 
hood soon  invade  the  cavity  of  the  joint.     The  internal  epicondyle  ossifies  as  a 
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separate  ejuphysis  which  unites  with  the  lower  end  of  the  diaphysis.  In  inter- 
preting skiagrams  of  the  elbow  of  children  a]>ont  six  years  of  age  and  upwards,  CAre 
must  iMi  taken  not  to  mistake  tlie  centre  of  ossitiwition  in  the  radial  portion  of  the 
lower  epiphysis  of  the  liumerus  for  a  fractun^  In  the  commonest  dislocation  of 
the  elbow,  viz.  with  backward  displacement  of  both  bones  of  tlie  forearm,  the 
uormal  reLative  jMjsition  of  the  Umy  i)oints  Ls  lost,  whereas  in  a  transverse  supra- 
condyloid  fracture  the  normal  relations  are  maintained.  In  the  child  the  lunid 
of  the  radius  is  relatively  smaller,  and  less  firmly  kept  in  |K)sition  by  the 
orbicular  ligament  than  in  the  adult,  so  that  it  is  liable  to  be  partially  dislo- 
cated, giving  rise  to  the  condition  known  as  "'pulled  dhow*'  To  evacuate  ])us 
from  the  ell >ovv- joint  a  vertical  incision  should  lie  made  over  the  dui*sal  asi)ect  of 
the  joint,  immediately  external  to  tlie  olecranon. 

The  median  vein  is  seen  Uy  bifurcate  into  median  basilic  and  median  cephalic 
^  in.  l)elow  the  middle  of  the  l)end  of  the  ell>ovv;  oj»jM)site  the  siuiie  jKjint,  but 
beneath  the  deep  fascia,  is  the  biftuxation  of  tlie  brachial  artery.  The  median  basilic 
and  median  cephalic  veins  diverge  as  they  ascend  one  on  either  side  of  the  i)iceps 
tendon ;  the  larger  of  the  two  veins,  viz.  the  median  Iwisilic,  is  usually  selected  tor 
the  operations  of  venesection  ami  triiusfusion.  Whtai  the  elbow  is  fiexed  the  biceps 
tendon  can  be  tnicod  VLnliciilly  through  the  centre  of  the  l)end  of  the  ell>ovv  almost  t,c 
its  insertion.  Passin;^'  downwards  and  inwards  fn)in  the  inner  edge  of  the  tendon  ii 
the  bicipital  fisuicia,  which  separates  the  median  basilic  vein  from  the  brachial  arU^rx 
If  the  finger  nail  be  insinuated  Ixjneath  the  inner  eilge  of  the  fascia  the  ^wint  of  t:,\-^ 
87 
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linger  will  rest  upon,  and  feel  the  pulsations  of,  the  brachial  artery.  The 
nerve  descends  through  the  space  a  little  internal  to  the  brachial  arter 
bifurcation  of  the  musculo-spiral  nerve  takes  place  in  front  oi'  the  external 
under  cover  of  the  supinator  longus.  The  tdnar  nerve  can  l>e  rolled  l^nt 
finger  upon  the  back  of  the  internal  condyle ;  its  position  renders  it  liable  t 
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as])ect  of  the  \NTist  is  a 
marked  rounded  jirorn 
formed  by  the  lower  ext 
of  \\\o.  ulna,  antorior  lu  whicli  is  the  styloid  process,  the  deep  groove  betwe 
two  ludiig  occupied  by  the  tendon  of  tho  extensor  carpi  ulnaris. 

The  carpal  bones  are  built  up  so  as  to  form  an  arch,  converted  by  the  u 
annular  ligament  into  a  tunnel  for  the  transmission  of  the  flexor  tendons.  A 
oxlreiiiily  of  tlie  arch  the  twa)  bony  points  to  which  the  ligament  is  at 
lurnisli  ini])ortaMt  landmarks.  These  bony  points  are  :  externally,  the  tul>ercle 
scaphoid  and  tlie  ridge  of  the  tnipezium :  internally,  the  pisiform  and  the  h 
I  lie  unciturni.  Th(»  tubercle  of  the  scaphoid  is  felt  immediately  alwve  the  i 
tlie  thenar  i'min«*i»c.e,  midwav  }»et.ween  the  tendons  of  the  extensor  ossis  met 


Ulnar  uerro 


Ulnar  artery 


Mfdian  nerve 


Flexor  carpi 

ulnnrin 

Flexor  Mubliniis 

diKit<jnini 

Pi-ifi)nn  Ijone 

Antt-riur  aniiulnr 
li};:tnient 


Sui>ertlcial 
{tahnar  an*li 


Di'eji  imhuur  arch 


Kiii.  9*J7.-  I5kM)  (»f 


KlJinW,     FlH)NT    OK 

OF  Hand. 


KOKK.VKM.    AM)   PxVLM 


THE  FOREAEM  AND  HAND. 


1299 


pollicis  and  the  flexor  carpi  radialis ;  J  in.  below  the  tubercle  of  the  scaphoid  is 
the  ridge  of  the  trapezium,  felt  deeply  beneath  the  inner  part  of  the  thenar 
eminence.  At  the  root  of  the  hypothenar  eminence,  and  crossed  by  the  crease 
which  separates  the  forearm  from  the  hand,  is  the  pisiform  bone,  above  which  is  the 
tendon  of  the  flexor  carpi  ulnaris,  passing  to  be  inserted  into  it.  The  hook  of  the 
onciform  is  felt  deeply  beneath  the  radial  side  of  the  hypothenar  eminence,  and  a 
full  finger  8  breadth  below  and  external  to  the  pisiform. 
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The  bases  of  the  first,  third,  and  fifth  metacarpals,  all  of  which  can  he  readily 
identified  on  the  dorsal  aspect,  furnish  a  sufficient  guide  to  the  line  of  tlie  carpo- 
metacarpal articulations.  At  the  base  of  the  third  metacarpal  is  a  tubercle,  which 
can  be  felt  projecting  from  its  dorsal  a8j)ect  at  a  point  IJ  in.  vertically  below  the 
tubercle  upon  the  back  of  the  lower  end  of  the  radius.  This  metacarpal  tubercle 
marks  the  insertion  of  the  extensor  carpi  radialis  brevior,  the  favourite  site  for 
the  development  of  a  "ganglion/*  which  may  frequently  l>e  ruptured  by  i)ressing 
it  firmly  against  the  tul^ercle.  Anteriorly,  the  cari)o-metacari>al  articulations 
correspond  to  the  lower  border  of  the  anterior  annular  ligament. 

The  2^ro7ni7ie7ices  of  the  knuckles  are  formed  entirely  by  the  heads  of  the 
metacarpal  bones.  Anteriorly,  the  metacarpo-phalangeal  articulations  are  situated 
J  in.  above  the  level  of  the  web  of  the  fingers  ;  posteriorly,  the  joints  may  be  felt 
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the  substance  of  the  supinator  brevis,  will  be  found  at  the  bottom  of  this  septum, 
2  in.  below  the  head  of  the  radius ;  below  this  point  the  septum  is  the  best  line 
along  which  to  cut  down  upon  the  posterior  surface  of  the  radius.  Winding  across 
the  lower  third  of  this  surface  is  an  oblique  prominence  caused  by  the  extensors 
of  the  metacarpal  bone  and  first  phalanx  of  the  thumb. 

The  flexor  sheaths  of  the  palm  and  of  the  digits  are  of  surgical  importance  in 
consequence  of  their  liability  to  suppurative  inflammation.  The  common  flexor  sheath 
begins  IJ  in.  above  the  annular  ligament,  under  which  it  extends  to  a  little 
below  the  middle  of  the  psdm.  The  digital  flexor  sheaths  extend  from  the  bases  of 
the  terminal  phalanges  to  the  level  of  the  distal  transverse  crease  of  the  palm, 
opposite  the  necks  of  the  metacarpal  bones,  with  the  exception  of  the  sheath  of  the 
little  finger,  which  is  continuous  with  the  common  flexor  sheath  of  the  palm.  The 
sheath  of  the  flexor  longns  pollids  extends  from  the  base  of  the  terminal  phalanx 
upwards  to  a  point  about  1  in.  above  the  annular  ligament ;  it  frequently  com- 
municates with  the  common  flexor  sheath.  From  this  anatomical  arrangement 
it  follows  that  suppuration  in  the  sheaths  of  the  little  finger  and  thumb  is 
specially  liable  to  spread  upwards  into  the  palm,  and  thence  underneath  the 
annular  ligament  into  the  forearm. 

The  pulsations  of  the  radial  artery  can  readily  be  felt  in  the  lower  third  of  the 
forearm,  midway  between  the  outer  border  of  the  radius  and  the  tendon  of  the 
flexor  carpi  radialis.  The  course  of  the  vessel  is  indicated  upon  the  surface  by 
a  line  extending  from  the  bifurcation  of  the  brachial  (^  in.  below  the  middle  of 
the  bend  of  the  elbow)  to  the  tubercle  of  the  scaphoid,  around  which,  and  below 
the  tip  of  the  styloid  process,  the  artery  winds  to  the  back  of  the  radial  side  of  the 
wrist ;  in  the  latter  situation  the  vessel,  after  passing  beneath  the  extensor  tendons 
of  the  thumb,  dips  into  the  palm  through  the  proximal  extremity  of  the  first  inter- 
osseous space.  Incisions  for  opening  or  resecting  the  wrist  are  planned  so  as  to 
avoid  tlie  vessel. 

The  upper  third  of  the  ulnar  artery  is  deeply  placed,  and  takes  a  curved  course 
from  the  bifurcation  of  the  brachial  towards  the  inner  part  of  the  anterior  surface  of 
the  forearm ;  the  lower  two-thirds  of  the  vessel  correspond  to  the  lower  two-thirds 
of  aline  drawn  from  the  front  of  the  internal  condyle  to  the  inner  l>order  of  thepisiform 
bone.     The  course  of  the  ulnar  nenre  corresponds  to  the  whole  of  the  above  line. 

The  median  nenre  in  the  forearm  may  be  mapped  out  by  a  line  extending  from 
a  point  midway  between  the  centre  of  the  bend  of  the  elbow  and  the  internal  epi- 
condyle,  to  a  point  midway  between  the  styloid  processes ;  in  the  lower  tliird  of 
the  forearm  the  line  follows  the  inner  border  of  the  tendon  of  the  flexor  carpi 
radialis.  To  evacuate  pus  spreading  deeply  up  the  front  of  the  forearm,  the 
incisions  should  be  made  on  either  side  of  the  line  corresponding  to  the  median 
nerve.  The  radial  nenre  winds  to  the  back  of  the  forearm  round  the  outer  border 
of  the  radius  beneath  the  tendon  of  the  supinator  longus,  at  the  junction  of  the 
middle  and  lower  thirds  of  the  forearm.  The  sunmiit,  or  most  distal  part  of  the 
superficial  palmar  arch,  corresponds  to  the  mid-point  of  a  line  extending  from  the 
middle  of  the  lowest  transverse  crease  of  the  wrist  to  the  root  of  tlie  middle 
finger ;  a  line  drawn  from  the  outer  border  of  the  pisiform  bone  across  the  hook 
of  the  unciform,  and  thence  in  a  curved  direction  downwards  and  outwards  to  this 
point,  corresponds  to  the  main  or  proximal  part  of  the  arch ;  the  first  and  fourth 
digital  branches  overlie  the  fifth  and  third  metacarpal  bones  respectively,  while 
the  second  and  third  overlie  the  fourth  and  third  interspaces  respectively.  The 
deep  arch  lies  almost  transversely,  midway  between  the  lower  border  of  the  anterior 
annular  ligament  and  the  superficial  arch.  The  radialis  indicis  corresponds  to  the 
radial  border  of  the  index -finger. 

The  ulnar  nerve  and  the  commencement  of  its  two  divisions  lie  immediately  to 
the  inner  side  of  the  superficial  palmar  arch,  so  that  the  pisiform  and  the  hook  of 
the  unciform  are  the  guides  to  the  nerve.  The  median  nerve  emerges  from  beneath 
the  annular  ligament  opposite  the  inner  edge  of  the  thenar  eminence,  while  the 
digital  branches  to  the  thumb  follow  its  lower  margin.  Incisions  for  the  removal 
of  foreign  bodies  may  therefore  be  made  iivto  \X\^  t\ienat  with  greater  freedom 
than  into  the  hypo- thenar  eminence. 
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Incisions  to  evacuate  deep-seated  pus  in  the  palm  may  be  made  in  one  or  n 

the  followiiiu:  situations:  (1)  over  the  lower  two-thirds  of  the  secDiid  metacarfMl  Vhh) 
over  the  distill  half  of  the  ffuirth  metacarpal  bone  ;  (3)  frtnn  the  jjroxiinul  jwirt  uf  ti 
incision  an  openin*:  may  be  made  through  the  first  interosseous  space  on  to  tlie  d' 
care  beintr  taken  to  keep  below  tlie  nidial  artery ;  (4)  a  longitudinal  incision  bctwe 
median  and  ulnar  nerves,  on  the  proximal  side  of  the  superficial  palmar  arch.  - 
wrist  a  lunL^iludinal  incision  may  be  made  immediately  internal  to  the  pahnaris 
tendon,  thus  falling  between  the  line  of  the  median  nerve  and  the  ulnar  artery.  T 
the  digital  flexor  sheaths,  incisions  are  made  along  the  middle  of  tlie  palmar  surface 
fingers  o[)posite  the  first  and  second  phalanges.  The  collateral  digital  vessels  and  ] 
descend  along  the  lateral  aspects  t)f  the  fingers,  nearer  the  flexor  than  the  ex 
surfaces.  In  cutting  down  upon  the  dorsal  aspects  of  the  phalanges,  the  incisions  i 
be  made  to  one  or  other  side  of  the  extensor  tendon,  preferably  upon  the  ulnar  side,  t^j 
division  of  the  insertions  of  lumbrical  muscles.  The  sulK'Utaneous  tissue  of  the  i 
aspect  of  the  terminal  phalanges  is  connected  by  fibrous  processes  with  the  iX'rio»i 
hence  the  freiiuency  of  necrosis  of  the  terminal  phalanx  in  suppunitive  inflamni 
in  this  region. 

THE   LOWER  EXTREMITY. 
THE  BUTTOCK. 

The  r(»gion  of  the  hip  or  buttock  extends  from  the  crest  of  the  ilium  abo 
the  gluteal  fold  below.  The  highest  point  of  the  iliac  crest,  situated  a  little  U 
its  middle,  is  on  a  level  with  the  fourth  lumbar  spine;  the  anterior  superior 
of  the  ilium  is  directed  forwards,  and  belongs  to  the  groin,  which  it  limits  e 
nally ;  the  posterior  superior  spine,  situated  at  the  bottom  of  a  dimple  or  j 
do]>res.sion,  is  on  a  level  with  the  second  sacral  spine,  and  corresj)onds,  theref'-: 
the  middle  of  the  sacro-iliac  joint.  Two  and  a  half  inches  l^eliiud  the  am 
su]>erior  spine  is  a  prominence  upon  the  outer  lip  of  the  iliac  crest ;  thi?< 
niinence,  which  is  terinod  the  tubercular  point,  is  tlie  most  external  part  of  the  > 
and  have  been  referred  to  in  dealing  with  the  surface  anatomy  of  the  aMo 
A  hand's  breadth  below  the  tu}»ercle  of  the  crest  is  the  great  trochanter  oi 
femur,  the  most  external  bony  landmark  of  the  hip;  its  anterior  and  post 
borders  are  l)est  felt  b(;tween  the  fingers  and  thumb,  while  the  limV>  is  .•'li^ 
abducted  to  relax  the  ilio-tibial  band,  and  if  the  thigh  be  now  rotated,  it  wi 
noted  that  the  trochanter  rotates  around  the  segment  of  a  circle,  the  radii 
which  is  formed  by  the  head  and  neck  of  the  femur;  in  non-impacted  fractiir 
the  neck  of  the  femur  the  trochanter  rotates  around  the  segment  of  a  i 
smaller  circle.  Xelatons  line,  drawn  from  the  anterior  suj-ierior  spine  U)  the 
pronnnent  part  of  the  ischial  tul)ero8ity,  crosses  the  hip  at  the  level  of  the  u 
l)urder  of  tluj  great  trochant<>r;  this  line  is  employed  to  ascertain  the  pre? 
or  absence  <»f  upward  displacement  of  the  trochanter.  Chiene  demonstrates 
relative  height  of  the  trochanters  by  stretching  two  tapes  across  the  froi 
the  jM'lvis.  one  between  the  anterior  superior  spines,  and  the  other  between 
u])]>er  bordiM's  of  the  tr«x-banters ;  the  lower  ta|)e  will  converge  towards  the  u 
on  the  side  of  the  u})ward  dis]>lacemcnt.  A  line  prolonging  the  anterior  bord< 
the  great  trochanter  vertically  upwards  toucjhes  the  iliac  crest  at  the  tuben 
point.  The  ischial  tuberosity,  in  the  erect  posture,  is  overlapped  by  the  1 
f)nrder  of  the  gluteus  maximus;  its  most  prominent  part  is  felt  a  little  abovi 
inner  jiart  of  the  gluteal  fold.  If  tbt^  hip  be  rotated  inwards,  the  lesser  trochi 
of  the  femur  may  l»e  felt  by  dee])  palpation  above  the  outer  end  of  the  gb 
fold ;  it  corresponds  to  the  interval  between  the  lower  l)order  of  the  quadi 
fenmris  and  the  uj)per  border  of  the  a<lductor  magnus,  and  therefore,  also»  U. 
level  of  the  internal  circumflex  artery. 

1'lie  lower  border  of  the  gluteus  maximus  lies  a  little  above  the  gluteal  fold  i; 
nally,  crosses  it  about  its  middle,  and  is  continued  downwards  and  outwan 
meet  the  u]»])er  end  of  the  furrow  of  the  external  intemmscular  septum,  at 
junction  of  the  u]i]Mn*  aiul  middle  thirds  of  the  femur.  The  inner  borders  ol 
two  great  gluteal  m useless  are  separated  by  the  deep  gluteal  deft,  which  ext 
u])wards  and  backwards  from  thc^  perineum  to  the  level  of  the  fourth  sacral  s 
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here  it  opens  out  into  the  triangle  upon  the  back  of  the  sacrum.  Anteriorly  the 
ittock  is  limited  by  the  prominence  of  the  tensor  fascisB  femoris  muscle,  which 
[tends  downwards  and  somewhat  backwards  from  the  anterior  end  of  the  crest,  to 
in  the  ilio-tibial  band  below  the  root  of  the  great  trochanter. 

The  gluteal  artery  reaches  the  buttock  immediately  below  the  upper  border  of 
16  great  sacro-sciatic  foramen,  opposite  a  point  corresponding  to  the  junction  of 
.6  upper  and  middle  thirds  of  a  line  drawn  from  the  posterior  superior  iliac  spine 
'  the  upper  border  of  the  great  trochanter.  To  expose  the  vessel,  the  incision 
lould  be  made  along  this  line,  which  has  the  advantage  of  running  parallel  to  the 
)re8  of  the  gluteus  maximus,  as  well  as  parallel  to  the  interval  between  the 
uteus  medius  and  pyriformis  muscles. 

The  great  sciatic  nenre  enters  the  buttock  at  a  point  corresponding  to  the  junc- 
on  of  the  upper  and  middle  thirds  of  a  line  drawn  from  the  posterior  superior 
iac  spine  to  the  ischial  tuberosity ;  from  this  point  the  nerve  passes  downwards 
id  slightly  outwards  upon  the  ischium  to  a  point  midway  between  its  tuberosity 
id  the  great  trochanter.  The  spine  of  the  ischium  and  the  podic  vessels  are 
tuated  opposite  the  junction  of  the  lower  and  middle  thirds  of  the  above  line.  The 
)8sels  and  nerves  which  enter  the  buttock  through  the  great  sacro-sciatic  foramen 
low  the  pyriformis,  may  be  exposed  through  an  incision  below  and  parallel  to 
lat  above  described  for  exposing  the  gluteal  artery,  viz.  an  incision  corresponding 

the  middle  two-fourths  of  a  line  extending  from  the  upper  end  of  the  gluteal 
eft  to  the  root  of  the  great  trochanter ;  the  deep  landmarks  are  the  lower  border 

the  pyriformis  and  the  root  of  the  ischial  spine. 


THE  BACK  OF  THE  THIGH. 
The  hamstring  muscles,  and  especiaUy  the  tendon  of  the  biceps  and  semi- 

Femnr         Rectiu  femoriB 

'I  Vastna  iiiternaii 
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Fio.  930.— Section  throi'oh  Thioh  at  thk  Lbvkl  of  the  Uppkr  Part  of  Hi'NTer'b  Canal. 
idinosus   are  thrown  into  prominence  either  by  standing  on  tiptoes  with  the 
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kiieos  slightly  ilexed,  or  by  flexing  the  leg  against  resistance.  By  throwii 
hamstrings  into  action,  tho  line  of  the  external  intermuscular  septum  of  tlie  tl 
indicated  by  a  well-marked  furrow,  extending  from  the  lower  edge  of  the  ins 
of  the  gluteus  niaximus  to  the  outer  aspect  of  the  knee:  liehind  this  furrow 
biceps,  and  in  front  of  it  is  the  large  vastus  extemus,  covered  by  the  strou 
tibial  portion  of  the  fascia  lata.  The  shaft  of  the  femur  may  be  cut  dowu 
along  the  whole  length  of  this  furrow  with  least  injury  to  the  soft  parts  :  tlie  t 
of  the  femur  and  deep-seated  j>opliteal  abscesses  are  most  conveniently  n 
through  the  lower  part  of  the  sjinie  incision.  The  course  of  the  great  sciatic 
corresponds  to  the  upper  half  of  a  line  extending  fix)m  a  point  midway  Ik 
the  tuberosity  of  the  ischium  nnd  the  great  tr<.)chanter  to  the  centre  of  the  jk) 
space.  The  nerve  enters  the  thigh  under  cover  of  the  outer  lK)rder  of  the 
whereas  the  small  sciatic,  whicli  takes  the  same  line,  descends  suprrfieial 
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Fi(}.  P31.— Section  thkoim.m  thk  Thkjh  immkdiatklv  atovk  thk  Patki.i^x. 

biceps,  l^etween  it  and  tlie  fascia  lata.  In  the  operation  of  stretching  the  •! 
sciatic  the  nerve  is  cut  down  upon  immediately  below  the  lower  border  of 
gluteus  maximus.  The  surgeon,  standing  on  the  side  of  the  patient  opposil 
the  leg  to  be  operattnl  upon  (Chiene),  makes  an  incision  in  the  line  of  the  n 
througli  the  integuments  and  fascia  lata,  and,  sweeping  the  index -fi; 
round  the  outer  border  of  the  biceps,  hooks  up  the  nerve  as  it  lies  betwet*n 
muscle  and  the  adductor  magnus.  The  external  popliteal  nerve  may  be  rc»lled  u 
the  finger  as  it  descends  innuediately  l>eliind  the  temlon  of  the  biceps  and  the  1 
of  the  iibula  ;  so  close  is  the  nerve  to  the  tendon  that  the  latter  should  l>e  divide 
cases  where  this  is  necessjirv,  by  the  open  method  rather  than  sulxiutiiueously. 

Al«ci!ssts  may  ivarli  thr.  fh-xur  conii»iirtiiu'iit  of  the  thigh  from  various  sources,  viz. :  (1) 
the  i>o.vicrior  asj^ci.  uf  the.  hij)-j(>iut  :  {'2)  fit>in  the  jH.4vi« through  the  great sacro-stiatic  foroi 
(3,1  I'l-uni  oin-  or  othiT  of  the  luu'^.u  un<lrr  the  glutrus  niaximus;  (4)  from  the  front  of  tliehip- 
l\v  mrssiiig  liarkwanlsuudi-r  rhr  teu-sor  fascia.^  fenioris  ;  or  by  winding  backwards  Ix'ueath  the 
nf"  tlie  ffuiur,  and  iliixmgh  tlie  interval  between  the  quadratus  femoris  and  the  adduirtor  ma^ 
(">)  fn>ni  the.  iliai-  fossa  undrr  P()U]Mirt*s  ligament  into  Siiaqia's  triangle,  and  thence  to  the  ba 
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the  thigh  by  one  or  other  of  the  routes  already  mentioned  ;  (6)  the  puB  may  spread  upwards  from 
the  trigone  of  the  femur,  the  knee,  a  popliteal  gland,  or  from  a  bursa. 


THE   POPLITEAL   SPACE. 

When  the  knee  is  extended  the  popliteal  fascia  is  put  upon  the  stretch,  and 
obliterates  the  hollow  of  the  popliteal  space ;  by  flexing  the  knee  the  fascia  is 
relaxed,  and  the  fingers  may  be  pressed  deeply  into  the  upper  or  femoral  division 
of  the  space ;  as  a  rule,  the  pulsations  of  the  popliteal  artery  can  be  felt.  Beneath 
the  semitendinosns  is  the  fleshy  semimembranosus,  which  bulges  into  the  space  and 
overlaps  the  upper  part  of  the  popliteal  artery.  Between  the  semimembranosus  and 
the  inner  head  of  the  gastrocnemius  is  the  most  important  bursa  in  the  popliteal 
r^on  ;  it  not  infrequently  becomes  distended  with  fluid,  and  then  presents  usually 
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Fi«.  932.— The  Thujh  and  Groin. 

a  more  or  less  sausage-shaped  outline ;  according  to  Holden,  the  bursa  communi- 
cates with  the  cavity  of  the  knee-joint  in  one  subject  out  of  five. 

To  map  out  the  line  of  the  popliteal  vessels  and  the  internal  popliteal  nerve,  draw 
a  line  from  a  point  a  little  internal  to  the  upper  angle  of  the  space  to  a  point  mid- 
way between  the  condyles  of  the  femur,  and  thence  down  the  middle  of  the  space 
to  the  level  of  the  lower  part  of  the  tubercle  of  the  tibia.  The  internal  iK)plitea.1 
nerve  lies  immediately  beneath  the  deep  fascia ;  the  artery  is  separated  from  tl\c 
trigone  of  the  femur  by  a  quantity  of  fat.  The  popliteiil  lymphatic  glands  li^ 
beneath  the  i)opliteal  fascia,  one  upon  the  internal  i)opliteal  nerve,  the  others  deeply 
in  the  space  (Leaf).  '^ 

THE   FRONT   OF    THK   THIGH. 

Between  the  front  of  the  thigh  and  the  abdomen  is  the  fold  of  the  groin,  at  tt-^ 
bottom  of  which  Poupart's  ligament  can  be  felt  as  a  tense  band,  stretching  from  tkr: 
anterior  superior  spine  of  the  ilium  to  the  spine  of  the  pubis.     The  anterior  supeorL  ^ 
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spine  looks  directly  forwards ;  comparative  measurements  of  the  lower  ex 
are  made  by  stretching  a  tape  from  it  to  the  tip  of  one  or  other  of  the  inaU 
being  taken  that  the  pelvis  is  horizontal,  and  the  limbs  in  corresponding  ] 
Tlie  pubic  spine  is  felt  under  the  upper  and  outer  part  of  the  mons  Vener 
a  corresponding  point  in  the  male;  between  the  spine  and  the  syniphys 
crest  of  the  pubis,  the  two  crests  together  fornnng  a  rounded  siibcutanec 
ridge.  A  line  extending  from  the  pubic  spine  horizontally  outwards  across 
of  the  thigli  crosses  the  front  of  the  hip-joint  at  the  level  of  the  lower  part  of 
of  the  femur.  The  cord-like  tendon  of  the  adductor  longus  is  readily  fe 
point  about  1  in.  below  the  pubic  spine  is  selected  for  performing  the  < 
of  subcutaneous  tenotomy  of  the  tendon. 

The  centre  of  the  saphenous  opening  is  situated  li  in.  below  and 
to  the  puliic  spine;  it  overlies  the  inner  (hernial)  and  middle  (venoi 
partments  of  the  femoral  sheath ;  behind  the  outer  l)order  of  the  openin 
arterial  compartment  of  the  sheath ;  crossing  over  the  lower  border  is  the 
tion  of  the  long  saphenous  vein.  A  femoral  hernia  makes  its  way  into  t 
beneath  the  u[)|x^r  edge  of  the  opening.  The  course  of  the  long  saphenous 
the  thigh  is  indicated  by  a  line  extending  from  the  adductor  tubercle  of  the 
condyle  of  the  femur  to  the  lower  \)S.Tt  of  the  saphenous  oi)ening. 

The  horizontal  or  inguina,!  chain  of  lymphatic  glands  can  usually  be  felt  al 
a  little  below,  the  line  of  Poupart's  ligament;  when  the  glands  are  infla: 
surgeon  should  not  neglect  to  examine  the  buttocks  and  anus  as  well 
exU^rnal  genitals.  The  vertical  or  femoral  chain  lies  in  close  relation  to  tl 
end  of  the  long  saphenous  vein.  Deeper  glands  also  are  met  with  bem 
cribriform  fascia,  close  to  the  inner  side  of  the  femoral  vein,  and  there  is  g 
one  in  the  crunil  canal.  To  clear  out  the  glands  in  the  groin  an  iueisioi 
]»e  made  })arallel  to,  and  a  finger's  breadth  telow,  the  whole  length  of  1 
ligament. 

To  map  out  the  course  of  the  femoral  artery,  the  thigh  being  slightly  fit 
rotated  outwards,  draw  a  Une  from  the  mid-j)oint  Ixjtween  the  anterior 
iliac  spine  and  the  symi)hy8is  pubis  to  the  adductor  tubercle  at  the  upj)er  a 
part  of  the  internal  condyle ;  rather  less  than  the  upper  third  of  this  Hi 
sponds  to  the  i'emoral  artery  in  Scarpa's  triangle,  while  rather  more  than  it 
third  corres})onds  to  the  artery  as  it  lies  in  Hunter's  canal.  The  seat  of 
for  ligature  of  the  vessel  is  at  the  apex  of  Scarpa's  triangle.  To  conip: 
common  femoral,  pressure  should  te  made  directly  backwards  against  tl 
cMninence,  and  not  against  the  head  of  the  femiu-;  to  compress  the  fen 
Hunter's  canal,  pressure  should  be  made  outwards  against  the  inner  surfac- 
shaft  of  the  femur. 

On  the  outer  aspect  of  the  thigh  the  fascia  lata  is  thick,  aponeuro 
loosely  attached  to  the  vastus  externus;  hence  the  tendency  of  atiseesses  t 
ilownwards  ben(;ath  it  towards  the  knee.  The  sartorius,  which  forms  the  r 
purlant  muscular  landmark  of  the  thigh,  may  \ye  thrown  into  pn)niinenee  b 
taining  the  thigh  unsupported.  Hexed,  and  slightly  roUited  outwards.  Ol;»se 
in  tlie  upper  third  of  the  thigh  it  forms  the  outer  boundary  of  Sciirpa's  triai 
tlie  middle  third  it  is  [)laced  over  Hunter's  canal;  while  in  the  lower 
lies  in  front  of  the  inner  hamstrings.  External  and  adjacent  to  the  upper 
tlie  sartorius  is  the  prominence  of  the  tensor  fasciae  femoris,  which,  as  it  d 
diverges  iVoiu  the  sartorius;  in  the  angle  l>etween  the  two  the  tendon  of  thi 
may  be  felt  as  it  overlies  the  lower  part  of  the  anterior  asi)ect  of  the  cai)sul 
hij)-joint. 

Tin-  inin-r  asjujct  «;!' ilu-  lower  half  of  the  shaft  of  the  femur  may  !«  convoiiiently 
upon  tlirou^'li  ihit  vastus  intmiUf*,  \vli(»ro  it  a>nH;:j  to  the  surface  Ix'tween  the  sartorius  a 
niiiM:le< ;  tin-  incision  sliould  1m-  nuide  in  the  direction  of  a  line  extending  fi-oni  a  poiul 
lictwtttn  tin-  innt-r  hoi-di-r  of  the  patella  and  the  adductor  tul»er<de,  U>  the  anterior  supe 
spinf. 

The  front  of  the  hip-joint  may  he  rt*ached  through  an  incibion  downwards  fnnu  thi 
supi-riur  ilia*.;  spinr,  eithi'r  ah m^' the  inner  or  the  outer  l>order  of  the  Mirtorius ;  in  tl: 
cast'  the  «K-.'[ur  j)arl  of  the  disst-etion  \y.\n^A  Instweeii  the  iliacu.-*  and  the  inner  border  of  tl 
while  in  the  latter  «*as*.-  tin- joint  U  reaehefl  external  to  the  rectiLs  teudoxi,  lietweeu  it 
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sudden  or  violent  contraction,  as  in  preventing  oneself  from  falling  Imckwar* 
patella  may  be  transversely  fractured  at  the  moment  of  partial  flexion.     1 
n  flexion  almost  the  whole  of  the  trochlear  surface  of  the  condyles  is  ex\<i 

palpation,  covered,  however,  by  the  stretched  quadriceps  tendon. 

The  upper  part  of  the  inner  surface  of  the  internal  condyle  is  overlapped 

i"  muscular  ])rominence  of  the  lower  fibres  of  the  vastus  intemns.     Leiiding  uj 

from  the  internal  condyle  is  a  slight  furrow,  corresponding  to  the  interval  bt 

!  the  lower  part  of  the  vastus  internus  and  the  sartorius ;  at  the  Vjottom  of  the  J 

the  cord-like  tendon  of  the  adductor  magnus  may  readily  be  felt,  and  followed 

I  to  its  insertion  into  the  adductor  tubercle  ;  the  latter,  situated  at  the  junction 

•■  internal  su}>racondyloid  ridge  with  the  upper  and  back  part  of  the  internal  co 

|.  marks  the  level  of  the  epiphsrsial  cartilage.     Anteriorly  and  jxjsteriorly  tli 

.  physial  cartilage  lies  immediately  above  the  highest  part  of  the  articular  cart 

Di84?ase  of  the  lower  end  of  the  diaphysis  of  the  femur  generally  invades  the  trip»»n«i 
femur  and  tlie  popliteal  space  rather  than  the  cavity  of  the  knee-joint.  In  Marnrcni  /»/ 
for  knock-knee,  tlio  incision  (through  which  the  08t<'otome  is  introduced  to  divi<le  the  U'\ 
carried  down  to  tlie  lx)ne  through  tiie  vastus  internus  a  little  above  the  iiit^^mal  coiirlyle,  a 
l)rea(lth  al)0ve  the  summit  of  the  trochlea,  to  avoid  injury  to  the  ej)ii>hy.sial  cartilaps  s 
siime  distance  in  front  of  the  adductor  tendon,  to  avoid  injury  to  the  deep  branch  of  the 
niotic  arttM-y. 

Below  tlie  internal  condyle  is  the  subcutaneous  inner  tuberosity  of  the 
across  which  tbe  tendons  of  the  sartorius,  gracilis,  and  semitendinosus  }>ass  t«: 
insertion.  Between  the  above  tendons  and  the  inner  head  of  the  gastrocneu 
a  groove  which  winds  downwartls  and  forwards  from  the  popliteal  simce :  an  in 
along  this  groove  will  expose  the  long  saphenous  vein  and  nerve  and  the  supe 
branch  of  the  anastomotic  artery. 

On  the  outer  side  of  the  knee  is  the  ilio-tibial  band,  which,  after  crossin 
obscuring  the  line  of  the  joint,  is  attached  to  the  outer  tuberosity  of  the  tibia 
semiflexion  of  the  knee  the  posterior  border  of  the  band  is  thrown  into  relief, 
well-marked  furrow  intervenes  l>etween  it  and  the  prominent  tendon  of  the  b 
the  lower  part  of  the  shaft  of  the  femur  and  the  trigone  may  be  reached  th 
an  incision  along  this  furrow.  Under  cover  of  the  ilio-tibial  band,  as  it  cross 
line  of  the  joint,  are  the  external  semilunar  cartilage,  the  inferior  external  arl 
artery,  and  the  external  lateral  ligament.  The  head  of  the  fibula,  with  the  tern 
the  biceps  ])assing  to  be  inserted  into  it,  are  rendered  distinctly  visible  by 
Hexing  the  knee :  the  former  lies  on  a  level  with  the  tubercle  of  the  tibia, 
iH^hind  and  a  little  l)elow  the  most  prominent  part  of  the  outer  tube 
of  the  tibia.  Immediately  below  the  head  of  the  fiVmla  is  the  tennination  < 
external  popliteal  nerve,  which  is  liable  to  bt^  contused  from  blows,  ar 
fractures  of  the  neck  of  the  fibula. 

The  synovial  membrane  of  the  knee-joint  extends  downwards  anteriorly  as  far  j 
level  of  the  upper  border  of  the  tibia  ;  ix>steriorly,  it  dips  downwards  for  a  short  dii 
behind  the  popliteal  notch  of  the  tibia,  to  form  a  small  cul-de-sac,  tlie  close  relati 
which  to  the  j)(>pliteal  artery  must  be  borne  in  mind  in  performinfr  the  operati 
excision  of  the  kiieo.  Anteriorly,  the  synovial  cavity  extends  upwards  beneath  the  q 
eeps  ill  the  form  of  a  pouch,  which  reaches  nearly  two  inches  above  the  articular  si 
of  the  fetnur ;  posteriorly,  there  is  no  extension  of  the  synovial  cavity  upwards  aK)i 
condyles  ;  latendly,  the  synovial  membrane  covers  the  anterior  third  of  the  outer  si 
of  eacrh  condyle. 

In  effusion  into  the  knee-joint  tlu*  hollows  bc-conie  oblit<?rate<l,  the  patella  is  float«M  n 
Ihiotuation  may  Im*  obtainKl  above,  bulow,  and  to  either  side  of  the  pat«lla. 

To  ])ass  a  Mil  10  llii-oiigh  the  knee-joint  for  drainage,  two  short-  vertical  iucisionh  s 
lie  made.  -  oni-  (in  each  ^*iae  of  the  joint  at  the  level  of  the  upper  jvirt  of  the  patellr 
a  lingers  breadi  h  Ixhiini  its  lateral  etlges.  In  arthrectoiny  of  the  fenee  lor  tubercular  disea 
subsynovial  fat  ta<.ti]itates  the  seixaration  of  the  sui»ra]vitellar  pouch  from  the  low«?r  and  ai 
j»art  nf  tlu'  shaft  r)f  the  friiiur  ;  to  oxixjse  the  pouches  behind  the  condyles,  the  crucial  liga 
must  I.H'  rlivide<l. 

THE  LEG. 

The  inmr  surface  of  the  tibia  is  suK'utiineous  throughout,  hence  the  seal 
tracture  oi'  the  shaft  is.  as  a  rule,  easily  felt,  and  the  lower  extremity  of  the  i 
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Vbtitft  exteriius 


(^MjLi triceps  extennor 


l:^;tt«5nuil  tuberotiity 
nf  tibin 
Ugiiiu^ntum  iMtellH.> 

Tubercle  of  tibia 


fragment  is  liable  to  perforate  the  skin.  The  skin  over  the  lower  half  of  this 
surface  is  the  commonest  seat  of  varicose  and  callous  ulcers,  which  are  frequently 
prevented  from  healing  by  adhesion  of  the  floor  of  the  ulcer  to  the  i)eriosteum. 

The  Bhaft  of  the  fibula,  situated  on  a  plane  posterior  to  that  of  the  tibia,  is,  with 
the  exception  of  the  triangular  subcutaneous  surface  above  the  external  malleolus, 
deeply  placed  amongst  the 
muscles.  To  examine  the 
fibula,  the  surgeon  should 
stand  on  the  opposite  side 
of  the  patient  and  manipu- 
late the  bone  along  the  line 
of  the  intermuscukrseptum 
between  the  peronei  and  the 
muscles  of  the  calf. 

The  greater  fulness  of 
the  antero- external  surface 
of  the  leg,  as  compared  with 
its  inner  surface,  is  due  to 
the  presence  of  the  extensor 
and  peroneal  groups  of 
mnscles.  When  these 
groups  are  thrown  into 
action,  the  individual 
muscles  are  mapped  out 
upon  the  surface  by  the 
grooves  corresponding  to 
their  intermuscular  septa. 
The  posterior  peroneal  sep- 
tum is  seen  as  a  well-marked 
furrow,  extending  from  the 
posterior  aspect  of  the  head 
of  the  fibula  to  the  hollow 
behind  the  external  mal- 
leolus; in  front  of  it  are 
the  peronei  muscles,  the 
longus  giving  rise  to  a  pro- 
minence on  the  upper  half 
of  the  leg,  while  the  hrevis 
is  prominent  on  the  lower 
half ;  behind  the  septum  is 
a  prominence  formed  by 
the  outer  border  of  the 
soleus,  which  projects 
beyond  that  of  the  gastro- 
cnemius. 

It  is  along  the  line  of 
the  posterior  peroneal  inter- 
muscular septum  that  in- 
cisions should  1)0  made  to 
expose  the  fibula;  to  avoid  the  musculo -cutaneous  nerve,  however,  the  incision 
must  not  extend  higher  than  1  in.  below  the  hrad  of  the  fibula. 

The  furrow  between  the  extensors  and  the  two  i>eronei,  the  anterior  peroneal 
septum,  is  much  less  distinct,  and  runs  in  a  line  from  the  anttaior  border  of  the 
bead  of  the  filmla  to  the  anterior  border  of  the  external  malleoluK  ;  the  cutaneous 
portion  of  the  musculo-cutaneous  nerve  corresjKDnds  to  the  lower  half  of  this  line. 
At  the  junction  of  the  middle  and  lower  thiitla  of  the  leg  the  extensor  muscles 
incline  inwards  over  the  anterior  surface  of  the  til)ia. 

The  anterior  tibial  artery  reaches  the  front  of  the  interosseous  membrane  2  in. 
below  the  tubercle  o\'  the  tibia;  in  the  upjxT  two-thirds  of  its  course  it  lies  upon  the 
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iuterosseous  membrane,  while  in  its  lower  third  it  winds  on  to  the  front  of  tl 

to  terminate  at  a  point  opposite  the  ankle-joint,  midway  between  tlie  two  u 

Intisions  to  expose  the  vessel  should  strike  the  outer  border  of  the  tibiahs  i 

whicli  corresponds  to  a  line  drawn  from  a  point  midway  Ijetween  the  e 

tuberosity  of  the  tibia  and  the  head  of  the  fibula,  to  the  termiuation  of  thtf 

'  When  tlie  muscles  of  the  calf  are  thrown  into  action,  a  groove  is  seen  l 

the  two  heads  of  the  gastrocnemius,  the  fleshy  tibres  of  which  extend  a  littli 

the  middle  of  the  leg.     The  fleshy  fibres  of  the  soleus  extend   to  the  ji 

of  the  middle  and  lower  thirds  of  the  leg,  and  project  beyond  the  margins 

gastrocnemius.     Tlie  narrowest  part  of  the  tendo  Achillis  is  situated  opjK»j 

bases  of  the  malleoli,  and  it  is  here  that  the  tendon  is  divided  in  the  op 

;  of  tenotomy.     The  short  saphenous  vein,  which  lies  a  little  to  tlie  outer 

''  the  tendon,  gradually  rciiches  the  middle  of  tlie  calf,  along  which  it  ascends 

t  middle  of  tlie  popliteal  s].Kice.     The  internal  saphenous  vein  and  nerve  lie  alo 

inner  border  of  the  tibia. 

The  course  of  the  posterior  tibial  artery  is  mapped  out  by  drawing  a  lin 
the  lower  angle  of  the  popliteal  space,  at  the  level  of  the  lower  bonier 
tubercle  of  the  tibia,  to  a  point  midway  between  the  internal  malleolus  ai 
tendo  Achillis.  7'o  ex2)ose  the  vessel  in  the  upper  half  of  the  leg,  an  iucii 
made  parallel  to  and  i  in.  behind  the  inner  border  of  the  tibia  ;  after  r 
ing  the  inner  border  of  the  gastrocnemius  and  dividing  the  tibial  origin 
soleus,  the  artery  is  found  lying  on  the  tibialis  posticus.  In  exposing  the 
below  the  soleus,  divide  two  layers  of  deep  fascia  and  keep  the  knife  di 
towards  the  tibia. 

The  peroneal  artery  is  given  off  3  in.  l>elow  the  head  of  the  fibula ;  ini 
to  expose  the  vessel  are  made  in  the  direction  of  a  Une  extending  fro; 
posterior  border  of  the  head  of  the  fibula  to  a  point  midway  Ijetween  the  ex 
malleolus  and  the  tendo  Achillis. 


THE  FOOT  AND  ANKLE. 

The  tip  of  the  external  malleolus  is  situated  I  in.   lower  and  J   in.  fi 
back  than  that  of  the  internal  malleolus.     Above  the  external  malleolus  i 


Lino  of  mikle-jolni 


Bit^)u»cir  brevik  cUgitoni 
Teiirloii  or  tli'xor  lorigitM 


dif^iU>niiTi  to  fifth  ttw 

pHalAfJ^'hLllJuijit 


KifUi  ni'-l-il;ir'..i-jiliJil;iii.-f:il  jiiiiit         Uat<i%  <>r  tifUi  iiietatArsal  Kxt»»rTi;i!  iiinllt-iilu« 

PppMn'iiK  brevis  Pi'mnPil  tiilH-ixli- 

OicatiT  pnK*«»s<  of  OS  ciilciM       IVrutifUs  lfiii;;ii!« 

Kn;.  0:i5.— OrTF.it  .As['K(T  w  FiH)T  and  Axklf.. 

triangular  siilx-utaiieous  surface  of  the.  fibula,  the  ajiex'  of  which  cori-espm 
tlie  \o\\'{'.r  end  of  the  extHnsor-i)eroneal  intermuscular  septum. 

Tlie  line  of  the  ankle-joint  can  be  felt  on  either  side  of  the  extensor  t4?ndon: 
wluMi  tli»-  f(M)t  is  cxLendetl  tlu^  anterior  i»art  of  the  superior  articular  surface  ( 
astragalus  lurnis  a  visible  promin(;iice  below  the  anterior  border  of  the  lower  e 
the  tibia.     Tb(^  small  i)<)Slerior  surface  of  the  astrjigalus  is  felt  Itelow  and  bt 
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the  internal  malleolus,  at  the  anterior  part  of  the  hollow  between  it  and  the  heel. 
In  effusions  into  the  ankle-joint  the  hollows  in  front  and  behind  the  malleoli  are 
obliterated,  and  the  extensor  tendons  are  raised  from  the  front  of  the  joint. 

A  finger's  breadth  below  the  tip  of  the  internal  malleolus  is  the  sustentaculum 
tali ;  1^  in.  in  front  of  the  latter,  and  midway  between  the  dorsal  and  plantar 
margins  of  the  inner  aspect  of  the  foot,  is  the  tubercle  of  the  scaphoid  (the  inner 
landmark  in  Chopart's  amputation),  which  is  generally  visible,  and  always 
distinctly  palpable.  The  calcaneo-astragaloid  joint  lies  immediately  below  the 
sustentaculum,  while  close  above  it  the  tendon  of  the  tibialis  posticus  may 
be  rendered  visible,  as  it  extends  from  behind  the  tip  of  the  internal  malleolus  to 
the  tubercle  of  the  scaphoid.  An  inch  and  a  half  in  front  of  the  tubercle  of  the 
scaphoid  is  the  joint  between  the  internal  cuneiform  and  the  first  metatarsal ;  the 
ridge  at  the  bj^se  of  the  latter  bone  furnishes  a  good  guide  to  the  articulation.  The 
first  metatarso-phalangeal  joint  lies  a  little  in  front  of  the  middle  of  the  ball  of  the 
great  toe. 

A  finger's  breadth  vertically  below  the  tip  of  the  external  malleolus  is  the 
peroneal  tubercle  of  the  os  calcis,  and  midway  between  the  two  is  the  calcaneo- 
astragaloid  joint ;  the  tubercle  is,  when  present,  a  trustworthy  guide  to  the  level  at 
which  the  two  peronei  tendons  cross  the  outer  surface  of  the  os  calcis.  The  greater 
process  of  the  os  calcis  is  felt  in  the  triangular  interval  between  the  tendons  of  the 
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peroneus  brevis  and  tertius;  the  calcaneo-cuboid  joint — the  outer  landuiark  in 
Chopart's  amputation — is  placed  a  little  in  front  of  the  mid-point  between  the  tip 
of  the  external  malleolus  and  the  base  of  the  fifth  metatarsal  bone.  To  open  the 
outer  tarso-metatarsal  articulations,  the  knife,  entered  behind  the  projecting  })a8e  of 
the  fifth  metatarsal  bone,  should  be  directed  forwards  as  well  as  inwards.  On  the 
dorsum  of  the  foot  the  tarsal  joints  are  obscured  by  the  extensor  tt^ndons.  The 
synovial  membrane  of  the  ankle-joint  is  prolonged  on  to  the  neck  of  the  astragalus, 
and  care  must  be  taken  to  avoid  opening  the  ankle-joint  in  performing  ( 'hopart's 
amputation. 

The  line  of  the  tarso-metatarsal  joints  extends  nearly  1  in.  further  forwards  on 
the  inner  than  on  the  outer  border  of  the  foot ;  l)etween  these  points  the  juint- 
line  takes  a  zigzag  course  on  account  of  the  second  metatarsal  bone  extending 
backwards  between  the  internal  and  external  cuneiform  bones.  The  joint  between 
the  second  metatarsal  and  middle  cuneiform  is  nearly  J  in.  behind  that  between 
the  first  metatarsal  and  internal  cuneiform,  and  nearly  \  in.  behind  tliat  between 
the  third  metatarsal  and  the  external  cuneiform.  The  strong  transverse  inter- 
osseous Ugament  (Lis/ranc's  ligament),  which  connects  the  outer  surlace  of  the 
internal  cuneiform  with  the  base  of  the  second  metatarsal,  must  l)e  divided  in 
the  tarso-metatarsal  amputation  of  Lisfranc.  lu  order  to  preserve  the  insi^rtions 
of  the  two  tibial  and  the  three  peroneal  lULXscka  it  is  advisiible,  when  possible, 
instead  of  disarticulating  at  "  Lisfranc  s  joint/  *  to  »ii\v  through  the  metatarsal  bones 
fast  ID  front  of  their  bases. 
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The  metatarso-phalangeal  articulations  are  situated  1  in.  behind  the  web  c 
toes.  In  disarticulating  a  toe,  the  transverse  metatarsal  ligament,  which  i 
the  heads  of  the  metatarsal  bones,  should  not  be  injured. 

The  tendon  of  the  tibialis  posticos  may  be  felt,  and,  by  inverting  the  foot, 
as  it  extends  from  behind  the  tip  of  the  internal  malleolus  to  the  tubercle  c 
scaphoid ;  it  crosses  the  astragalus  immediately  above  the  sustentaculum  taU. 

lu  the  commonest  form  of  club-foot,  viz.  talipes  equina -varus^  the  tubercle  i 
scaphoid  is  approximated  to  the  internal  malleolus,  so  that  tenotomy  of  the  t 
should  be  performed  through  a  puncture  a  little  below  the  tip  of  the  iutorual  mall 
if  the  knife,  after  dividing  the  tendon,  be  carried  down  to  the  bone,  the  inferior  calf 
scaphoid  ligament  will  be  divided  and  the  astragalo-scaphoid  joint  opened,  a  pnx 
which  is  called  for  before  the  foot  can  be  brought  into  good  position. 

Crossing  the  front  of  the  ankle-joint,  from  within  outwards,  are  the  foUi 
tendons:  viz.  the  tibialis  anticns,  the  largest  and  most  prominent;  the  exl 
longus  hallucis,  the  extensor  longus  digitomm,  and  the  peronens  tertins. 
extensor  brevis  digitonun  gives  rise  to  a  fleshy  pad  which  overlies  the  dorsal  £ 
of  the  calcaneo-cuboid  joint.     When  the  foot  is  everted,  the  tendon  of  the  pei 

9  brevis  may  be  seen  extending  from  the  tip  of  the  external  maUeolus  to  the  b 

the  tifth  metatarsal  bone ;  immediately  below  it  is  the  tendon  of  the  peronens  li 
which,  as  it  winds  round  the  cuboid,  is  obscured  by  the  fleshy  fibres  of  the  aW 
minimi  digiti  muscle.  The  abductor  hallucis  muscle,  although  described  along 
the  sole,  forms  a  fleshy  pad  along  the  inner  border  of  the  foot  below  the  su 
taculum  tali. 

An  incision,  extending  from  the  tubercle  of  the  scaphoid  to  the  middle  o 
inner  border  of  the  heel,  will  expose  the  various  tendons,  vessels,  and  nen- 
they  pass  from  the  inner  ankle  into  the  sole  beneath  the  abductor  hallucis. 

The  dorsalis  pedis  artery  may  be  mapped  out  on  the  surface  by  drawing  a  line 
a  point  opposite  the  ankle-joint,  midway  between  the  tips  of  the  two  malleoli,  t 
hinder  end  of  the  first  interosseous  space ;  the  vessel  may  be  compressed  ag 
the  inner  column  of  the  tarsal  bones.  The  internal  sap^nons  vein  and  ner 
between  the  anterior  border  of  the  internal  malleolus  and  the  tendon  of  the  ti 
anticus ;  the  external  saphenous  vein  and  nerve  take  the  same  course  as  the  te 
of  the  |^)eroneus  brevis. 

Tiie  internal  plantar  vessels  and  nerves  lie  along  the  internal  intenniu 
septum,  which  corresponds  to  a  line  drawn  from  the  under  surface  of  the 
tuljerosity  of  the  os  calcis  to  the  interval  between  the  first  and  second  toes. 
T  external  plantar  vessels  and  nerves  may  l)e  exposed    by  an  incision  alonj 

L  external  intermuscular  septum,  which  runs  in  a  line  extending  from  the  mid( 

p  the  under  surface  of  the  heel  to  the  fourth  toe  (Kocher) ;  to  map  out  the  e 

■  of  the  plantar  arch,  draw  a  line  across  the  sole  from  the  inner  side  of  the  ba 

the  fiftli  metatarsal  bone  to  the  liinder  end  of  the  first  interosseous  space. 
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Abdomen,  1043 

cavity  of,  1043 

contents  of,  1047 

fascicne  of,  42G 

lyinphatica  of,  918 

miu»ole8  of,  426,  427 

planes  of,  1267 

regions  of,  1047,  1267 

semilunar  8i)ace  of  Traube  of,  1271 

surface  and  surgical  anatomy  of,  1264 

zones  of,  1047,  1267 
Abdominal  aorta,  798,  1276 

cavity,  1043 

apertures  of,  1046 
boundaries  of,  1043 
fasciie  of,  1044 
pelvic  portion  of,  1045 
subdivisions  of,  1045,  1047 

ring,  external,  430,  433,  1265 
internal,  432,  1265 

wall,  fasciai  of,  426 
muscles  of,  427,  434 
Abducent  nerve.     See  Nerve 
AlKluction,  259 
AlKluctor  pollicis  muscle,  346,  353,  355 

ballucis  muscle,  386,  389,  1312 

longus  pollicis  muscle,  351 

minimi  digiti  muscle  of  foot,  387,  389 

minimi  digiti  muscle  of  hand,  347,  353 
Aberrant  artier ie^?,  838,  946,  952 
Abnormalities  of  arteries,  947 

of  heart,  946 

of  lymphatics,  955 

of  veins,  954 
Accesisorius  muscle  of  back,  393 

of  foot,  384,  389 
Accossorv  processes  of  vertebraj,  83 
Acetabular  artery,  852,  861 
Acetal»ulum,  214,  219,  220 
Achromatic  spindle,  10,  13 

sul^tance,  8,  10 
Acini,  1008 

Acin()-tul)ular  glands,  1007 
Acinous  ghunis,  1007 
Acromial  angle,  188 

artery,  829 

nerves,  617,  619,  622 
Acromio-clavicular  joint,  274,  326,  1292 
Acromio-thoracic  artery,  828 
Acromion  process,  186,  188,  189,  1292 


Acustic  area,  488,  620,  627 
Adduction,  259 

Adductor  brevis  muscle,  366,  375,  376,  399 
longus  muscle,  365,  375,  376,  399,  1306 
magnus  muscle,  366,  375,  376,  399,  1308 
minimus  muscle,  367 
obliquus  hallucis  muscle,  388,  389 

pollicis  muscle,  346,  363 
transversus  hallucis  muscle,  388,  389 

pollicis  muscle,  346,  363,  355 
tubercle  of  femur,  227,  230,  1308 
Aditus  ad  antrum,  120,  1233 

laryngis,  964 
Affenspaltey  564 
Ag^r  nasi,  133,  721 
Agitator  caudsB  muscle,  369 
Actuated  elands,  1062,  1064 
Air-cells,  ethmoidal,  129,  130,  149,  151,  173, 
174,  720,  721,  1236 
of  lung,  991,  992 
I       mastoid,  122,  752 

Air-sinuses,  71 
'       frontal,  105,  106,  174,  175 
I       maxillary.     See  Antrum  of  Highmore 

sphenoidal,  122,  128,  151,  174 
I   Akrocephalic  skulls,  179 
Ala  cinerea,  488 
nasi,  717 
'       of  sacrum,  85 
'       of  vomer,  140,  173 
Alae  of  cerebellum,  606,  507 
of  thyroid  cartilace,  958 
Alar  lamina.     See  Neural  tube 
ligaments  of  knee,  302 
odontoid  ligaments,  267 
process  of  ethmoid,  128 
spine  of  sphenoid,  124,  156,  157,  160,  167 
sulcus,  717 
Albumen  of  ovum,  12 
Alcock's  canal,  853 
Alecithal  ovum,  11 
Alimentary  canal,  993 

development  of,  32,  1106 
:  Alisphenoids,  127,  181 
I  Allantoic  arteries,  51 
I       diverticulum,  60,  51,  66 
I       stalk,  51,  65 
veins,  62,  934 
Allan  tois,  51 
Alveolar  arch,  162, 180 
1816 
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Alveolar  glands,  1007 

index,  180 

periosteum,  1016,  1025,  1027 

point,  178 

process,  131,  133,  152,  177 
Alveoli  of  glands,  1008 

of  jaws,  133,  144,  145,  1016,  1027,  1028 

of  lung,  991,992 
Alveolo-dental  periosteum,  1016,  1025 
Alveolo-glossal  sulcus,  1244 
Alveus,  572,  677 
Ameloblasts,  1026 
Amitasis,  9 
Amnion,  48,  59 

false,  49 

fold,  49,  65 

true,  49 
Amniotic  area,  24,  48 

cavity,  48,  49,  50 

fluid,  48 

folds,  27,  49,  65 
Amphiarthrosis,  256,  257 
Ampulla  of  lachrymal  duct,  740 

of  Fallopian  tube,  1186 

of  lactiferous  duct,  1208 

of  rectum,  1089,  1091 

of  semicircular  canal,  760,  764 

of  vas  deferens,  1164,  1166 

of  Vater,  1120 
Amygdala,  1035 

of  cerebellum,  507 
Amygdaloid  nucleus,  576,  579,  582 

tuljercle,  576 
Anal  canal,  1091,  1280 

columns  of,  1093,  1094 
development  of,  45 
liaemorrhoidal  zone  of,  1094 
orifice  of,  1074,  1092,  1095 
relations  of,  1092 
sinuses  of,  1095 
valves  of,  1093,  1095,  1281 
vessels  of,  1095 
white  line  of,  1095 

veins,  1096 
Analogy,  2 
Anajjhase,  10,  13 
Anapoj)hysis,  94 

Anastomoses,  arterial  segmental,  939 
Anastomosis,  crucial,  855,  862 
Anastomotic  artery.     See  Artery 

vein  of  Trolard,  883 
Anatomical  neck  of  humerus,  190 
Anatomy,  1 

surgical,  1222 

systematic,  3 

topographical,  4 
Anconeus  muscle,  350,  354 
Angeiolog}',  3 
Angle,  acromial,  188 

cephalo-auricular,  743,  745 

facial,  180 

frontal,  108 

inferior  lateral,  of  sacrum,  86 

infracostal,  1265 

of  jaw,  144,  147,  177,  1237 

pubic,  218 

of  rib,  97,  98,  99,  100 

Rulandic,  558 

sacro-vertebral,  87,  223 

of  scajmla,  186 

sphenoidal,  108 

-♦emal,  95 


Angle,  Bubcoetal,  102 
Angular  artery,  807 

gyrus,  663,  564,  1225 

process,  103,  105,  148,  1224,  1237 

vein,  879 
Angulus  Ludovici,  1265 
Ankle,  surfietee  and  suigical  anatomy  o 
Ankle-joint,  306 

movements  of,  307,  389 

nerves  of,  661,  663 

surgical  anatomy  of,  1310 

synovial  membrane  of,  307,  1311 
Annectant  gyri,  668,  663,  565,  566 
Annular  ligament  of  ankle,  377 
of  stapes,  762,  767 
of  wrist,  337,  1298 
Annulus  fibrosus,  262 

ovalis,  787 

tympanicus,  748 
Ano-coccygeal  body,  1089,  1092 
Ano-cutaneous  Line,  1096 
Ansa  hypogloflsi,  621,  622,  697 

lenticulans,  646,  681 

peduncularis,  646 

Vieussenii,  708 
Ante-cubital  lymphatic  glands,  913 
Anticlinal  vertebra,  88 
Antihelix,  744 

development  of,  37,  43 

fossa  of,  744 
Antithesis  in  muscular  action,  404     « 
Antitragicus  muscle,  746 
Antitragus,  744 

development  of,  37,  43 
Antrum  of  Highmore,  131,  133,  134,  1 
162,  173,  174,  176,  721,  1021,  1240 

mastoid,  44, 120, 122, 166,  749,  762,  IS 

maxillary.     See  Antrum  of  Highmoi 

pyloric,  1051,  1062,  1066 
Anus,  993,  1092,  1096,  1280 

development  of^  46 

imperforate,  1097 

sphincters  of,  1093,  1095 
Aorta,  797,  942,  947 

abdominal,  798,  839,  1276 

branches  of,  800,  839,  842,  843 

abnormalities  of,  947 

arch  of,  797,  942,  947,  1264,  1289 
branches  of,  798,  800,  947 

ascending,  797,  800,  930,  1264 

bifurcation  of,  797,  947,  1276,  1290 

descending,  798,  837,  933,  939,  947 
branches  of,  798,  837 

development  of,  928 

great  smus  of,  797 

primitive,  61,  62,  926,  926,  933,  939, 

relations  of,  797,  798,  1040 

sinuses  of  Valsalva  of,  797 

thoracic,  797 
descending,  798,  837,  1290 

ventral,  926 
Aortic  arches,  caudal,  62,  926,  928,  942 
cephalic,  36,  37,  62,   926,  927,  9 

942,  948 
segmental  branches  of^  932 

area,  1262 

bulb,  929,  947 
septum  of,  930,  947 

cusp,  791 

opening  of  diaphragm,  424 

orifice  of  heart,  789,  791,  1262 

plexus,  710,  711,  714 
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Artery  or  Arteries — continued 
labial,  inferior,  806 

posterior,  854 
lachrymal,  816 
laryngeal,  inferior,  823 

superior,  804,  1218 
lingual,  805,  933,  1006,  1243,  1249,  1251 

of  inferior  dental,  812 
of  lower  limb,  856,  934,  943,  963 
lumbar,  839,  850,  933,  940,  949 
macular,  735 
malleolar,  external,  868 

internal,  865,  868 
mammary,  external,  829 

internal,  825,  933,  940,  941,  951,  1265 
lateral,  951 
masseteric,  812 
mastoid,  of  occipital,  808 

of  posterior  auricular,  808 
maxillary,  external,  806 

internal,  810,  933,  950,  1237 
median,  834,  943,  952 
mediastinal,  825,  839 
medullary.     See  Arteries,  nutrient 
meningeal,  anterior,  815 
of  intenial  carotid,  815 
middle,  811,  1224,  1225 
of  occipital,  807 
posterior,  809 

small,  811 
surgical  anatomy  of,  1227 

of  vertebral,  819 
mental,  812 
mesenteric  inferior,  847,  942,  949,  1276 

superior,  845,  942,  949,  1126,  1276 
metacarpal,  833 
metatarsal,  869 
muscle  fibres  of,  781 
musculo-phrenic,  826 
mylo-hyoid,  812 
nasal,  dorsal,  816 

laUiral,  807 
naso- palatine,  813 
nerves  of,  783 
of  nose,  717,  723 
nutrient,  of  bones,  74,  831,  834,  851,  852, 

862,  865 
obturator,  852,  953 
occipital,  807,  993 

of  posterior  auricular,  808 
cEsoi)hageal,  823,  839,  942 
ophthalmic,  815,  950 
or!)ital,  of  middle  meningeal,  811 

of  superficial  temporal,  810 
ovarian,  843,  942,  949,  1185,  1192,  1284 
palatine,  1000,  1037,  1246 
ascending,  806,  1000 
of  ascending  pharyngeal,  809 
descending,  812 
posterior,  1000,  1246 
palpebral,  of  ophthalmic,  816 
pancreatic^  844 
of  hepatic,  1128 
of  splenic,  1128 
of  superior  mesenteric,  1128 
pancreatica  magna,  844,  1128 
pancreatico-<luodenal,  inferior,  847,  1128 

suptirior,  845,  1126,  1128 
parietal,  of  superficial  temporal,  810 
parieto-occipital,  821 
parotid,  of  posterior  auricular,  808 
pectoral,  of  acromio-thonoic,  829 


Artery  or  Arteries — continued 
of  penis,  864,  1172 
perforating,  of  foot,  866,  867,  869 
of  hand,  833,  836 
of  internal  mammary,  826 
of  peroneal,  866 
of  profunda  femoris,  861 
pericardia],  826,  839 
perineal,  superficial,  864,  1170 

transverse,  864 
perirenal,  842 

peroneal,  866,  934,  943,  963,  1310 
anterior,  866 
posterior,  866 
pharyngeal,  ascending,  808,  933,  1037 
phrenic,  inferior,  839,  949 

superior,  825 
pituitary,  815 
plantar,  external,  866,  866,  964,  1312 

internal,  866,  953,  1312 
popliteal,  863,  934,  943,  953,  1305 
prevertebral,  of  ascending  pharyngeal,  8( 
princeps  cervicis,  808 
hallucis,  869 
pollicis,  833,  962 
profunda  clitoridis,  1198 
brachii  inferior,  831 

superior,  831 
femoris,  860,  963 
penis,  1173 

of  posterior  ulnar  carpal,  835 
pterygoid,  812 
ptery go-palatine,  812 
pubic,  of  deep  epigastric,  857 

of  obturator,  862 
pudic,  accessory,  963 
deep  external,  860 
external,  1170 
internal,  863,  1278,  1303 
superficial  external,  859 
pulmonary,  795,  930,  933,  942,  947,  989, 

1264 
pyloric,  846,  942,  1060 
radial,  831,  934,  943,  952,  1301 
radialis  indicis,  833,  952,  1301 
ranine,  805 

recurrent,  of  deep  palmar  arch,  837 
interosseous,  posterior,  835 
radial,  832,  952 
ulnar,  834 
renal,  842,  942,  949,  1140,  1276 
of  round  ligament,  843 
sacral,  lateral,  850,  943 

middle,  841,  942,  949,  1095 
saphenous,  862 

small,  953 
of  scalp,  1222 
scapular,  posterior,  824 
dorsal,  829 
transverse,  825 
sciatic,  854,  934,  943,  953 
scrotal,  864 

segmental,  932,  933,  939 
anastomoses  of,  939 
somatic,  933,  939 
splanchnic,  933,  939,  942 
septal,  of  nose,  807 
sheath  of,  782 
sigmoid,  848,  1076 
spermatic,  842,  942,  949,  1162 

external,  857 
spheno-palatine,  813 
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Artery  or  Arteries — continued 
spinal,  818,  819,  838,  850,  933 
splenic,  844,  942,  949,  1212,  1213 
stapedial,  757 
steniomastoid,  of  occipital,  807 

of  superior  thyroid,  805 
striate,  external,  817 

interaal,  817 
structure  of,  780,  781 
stylo- mastoid,  808 

subclavian,  801,  821,  933,  934,  941,  942,  947, 
951 

branches  of,  823 

left,  821,  822,  948 

riffht,  821,  822,  933,  948 
subclavian,  surgical  anatomy  of,  1252,  1265, 

1289 
subcostal,  838 
sublingual,  805 
submaxillary,  806 
submental,  806 
subscapular,  825,  829 
superficial  petrosal,  811 

volar,  832 
suprahyoid,  805 
supraorbital,  816,  1224 
suprarenal,  842,  942 
suprascapular,  825 
supraspinous,  825 
suml,  863,  864 
systemic,  797 
tarsal,  lateral,  869 
temporal,  deep,  812 

middle,  809 

of  posterior  cerebral,  821 

of  retina,  735 

superficial,  809,  933,  1224 
testicular,  843 
thoracic,  alar,  829 

long,  829 

superior,  828 
thyroid,  inferior,  823,  1217,  1252 

superior,  804,  942,  1217,  1251 
thyroidea  ima,  801,  942,  947,  1217 
tibial,  anterior,  867,  934,  943,  953,  1309 

posterior,  864,  934,  943,  953,  1310 

recurrent,  868 
of  tongue,  1006 
of  tonsil,  806,  1006 
tracheal,  823 
transverse  of  basilar,  820 
tubal,  843 
tunica  extenia  of,  781 

intima  of,  781 

media  of,  781 
tympanic,809,  811,  814 
ulnar,  834,  934,  943,  952,  1301 
umbilical,  51,  848,  851,  1098 
of  upper  limb,  821,  933,  943,  951 
ureteral,  842,  843 
uterine,  843,  852,  1192,  1284 
vaginal,  851,  1195  i 

of  liver,  1120  | 

of  vas,  851,  1167  j 

vente  comites  of,  946,  955 
vertebral,  818,  823,  933,  940,  941,  947,  950, 

1252 
vesical,  inferior,  851,  1157,  1167 

middle,  851 

of  obturator,  852 

superior,  851,  1157,  1167 
vesico- vaginal,  1195 


Artery  or  Arteries — continued 
vessels  of,  782 
Vidian,  812,  815 
visceral,  intermediate,  939,  942 
zygomatico-orbital,  810 
Arthrodia,  257,  285 
Arthrology,  3,  255 
Articular  arteries.    See  Artery 
disc,  260,  261 
eminence,  114,  155 

process,  75,  76,  77,  78,  79,  80,   82, 
86,  94 
Articulationa     See  Joints 
Aryteno-epiglottidean  folds,  38,  964 

muscle,  970 
Arytenoid  cartilage,  960,  971,  992 
ossification  of,  961 
processus  muscularis  of^  960 

vocalis  of,  961,  971 
sesamoid  of,  960 
muscle,  968,  970,  971 
Ary-vocalis  muscle,  970,  971 
Ascending  degeneration,  466 
Association  centres,  693 
fibres,  cerebellar,  611 
of  cerebral  hemispheres,  589 
of  cord,  468,  470 
of  medulla,  498 
Asterion,  154,  159,  179 
Astragalo-calcaneal  ligaments,  309 
Astragalo-scaphoid  ligament,  310 
joint,  309,  1312 
membrane,  311 
Astrajgalus,  239,  248,  1310 
articular  surfaces  of,  306,  309 
homology  of,  253 
ossification  of,  249 
Asymmetrv,  4 
Atlas,  77,  91,  92,  94,  167,  1251 

transverse  ligament  of,  265,  267 
Atlo-axial  joint,  265 

movements  at,  267,  398 
Atresia  ani,  1097 
Atrium  meatus  nasi,  133,  721 
of  primitive  heart,  929 
of  tympanic  cavity,  748 
Attic,  tympanic,  1232 
Attollens  aurem  muscle,  402,  404 
Attraction  cone,  16 
sphere,  9,  10,  11 
Attrahens  aurem  muscle,  402,  404 
Auditory  area,  593 
artery,  769,  820 

meatus,  external,  116, 120,  122, 155,  74 
blood-vessels  of,  748 
ceruminous  glands  of,  748,  778 
development  of,  44 
fissures  of  Santorini  of,  748 
foramen  of  Huschke  o^  748 
isthmus  of,  747 
lymphatics  of,  748 
nerves  of,  748 
structure  of,  747 
surgical  anatomy  of,  1229 
internal,  119,  120,  171,  172,  761 
nerve.     See  Nerve 
ossicles,  764 
pit,  66,  769 

radiation,  583,  691,  593 
teeth  of  Huschke,  766 
vesicle,  703 
Auerbach,  plexus  of;  lOdO,  1073 
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Auricles  of  heart     See  Heart 

Auricula,  743 

Auricular  artery.     See  Artery 

canal,  929 

fissure,  116 

index,  744 

nerves.     See  Nerves 

septum,  930 

surface,  86,  217 

vein,  posterior,  878 
r    Auricularis  anterior  muscle,  402 

posterior  muscle,  402 

superior  muscle,  402 
Auriculo-temporal  nerve,  684 
Auriculo-ventricular  apertures,  783,  787,  788, 
789,  790 

groove,  783,  785,  1262 
Auscultation,  triangle  of,  319 
Axial  line,  dorsal,  of  limbs,  614,  672 
ventral,  of  limbs,  660,  672 

muscles,  318,  391 

process,  22.     See  also  Axon 

skeleton,  69,  70,  183 
Axilla,  1293 

folds  of,  1293 

lymphatic  glands  of,  1294 

surgical  anatomy  of,  1293 
Axillary  arches,  324,  671 

artery,  821,  827,  933,  961,  1292,  1293 

lK)rder  of  scapula,  18i8 

fascia,  321 

lines,  1253 

lymphatic  glands,  914 

region,  1253 

sheath,  828 

vein,  888,  938,  946,  1292 
Axis,  79,  93,  1253 

basicranial,  171 

coeliac,  843,  942,  949,  1276 

cylinder.     See  Axon 

lentis,  736 

ligament  of  malleus,  757 

optical,  724 

ol  pelvis,  222 

thyroid,  823,  941,  961 
Axon,  22,  445,  448,  449,  461,  462,  472,  513, 

514,  585,  586,  704 
Azygos  lolje  of  lung,  989 

uvulae  muscle,  418,  419 

veins.     See  Veins 

Bacillary  layer  of  retina,  732,  734 
Back,  fascite  of,  318,  391 

muscles  of,  318,  392,  398 

re^ons  of,  1284 

spinal  furrow  of,  1284 

surgical  anatomy  of,  1284 
Baillarger,  Imnds  of,  585,  587 
Balbiani,  body  of,  11 
Ball-and-socket  joint,  257,  259 
Band  of  Baillarger,  585,  687 

of  Becht<irew,  587 

ilio-tibial,  357,  360,  368,  1308 

of  Meckel,  757 

of  Vicq  d'Azyr,  545,  648,  572,  585 
Bar,  hyoid,  37,  148 

thyro-hyoid,  148 
Barbula  hirci,  746 
Bartholin,  duct  of,  1013 

glands  of,  1182,  1198,  1206,  1283 
Basal  celln  of  olfactory  mucous  membrane,  723 

centre  of  inferior  maxilla,  146 


Basal  ganglia,  679 
lamina.     See  Neural  tube 
layer  of  placenta,  67,  58 
ridge  of  tooth,  1017 
Base  of  cranium,  160 

of  lower  jaw,  144 
Base-line  of  Reid,  1227 
Basement  membrane,  1008 
Basicranial  axis,  171 
Basihyal,  148 

Basilar  artery,  820,  933,  941,  951 
groove,  112 

membrane.    See  Membrana  basilaris 
process,  109,  160,  181 
sinus,  885 
vein,  883 
Basilic  vein,  891,  938,  946,  955,  1295,  1296 
Basi-occipital,  113,  164 
Basion,  166,  171,  172,  178 
Basiotic,  113 

Basi-pharyngeal  canal,  163 
Basi-sphenoid,  127 
Basis-bundle,  anterior,  470,  473,  483,  491,  494 

lateral,  468,  470,  473,  484,  498 
Basis  cochleae,  760 
of  hyoid,  147 
modioli,  761 
pedunculi  cerebri,  532 
stapedis,  766 
Basket-cells,  613 
Bechterew,  band  of,  687 

nucleus  of,  620 
Beraud,  valve  of,  741 
Bertin,  bones  of,  128 

columns  of,  1138 
Biceps  brachii  muscle,  332,  336,  354,  1297 

flexor  cruris  muscle,  372,  375,  376,  1304, 1308 
Bicipital  artery,  830 
fascia,  333,  1297 
furrow,  1296 
groove,  190,  1293 
tuberosity,  200 
Bicuspid  artery,  812 
teeth,  1016,  1018 
Bigelow,  Y-ligament  of,  296 
Bile  canaliculi,  1118,  1122 
Bile  duct,  1108,1120 

common,  1068, 1070, 1120,  1123, 1270, 1290 
interlobular,  1118,  1122,  1123 
papilla,  1070,  1120 
Bi venter  cervicis  muscle,  395 
Biventral  lobule,  607 

Bladder,  gall,  1108,  1118,  1123,  1265,  1270 
urinary,  1130,  1144 
capacity  of,  1160 
development  of,  1200,  1202 
distended,  1148 
empty,  1147 
fixation  of,  1166 
in  female,  1161 
in  infant,  1163 
interior  of,  1161,  1283 
ligamente  of,  false,  1100,  1 154,  1 156 

true,  1156 
mucous  coat  of,  1157 
muscular  coat  of,  1166 
neck  of,  1146 
nerves  of,  1157 
peritoneal  relations  of,  1153 
plicte  uretericas  1161 
serous  coat  of,  1156 
sphincter  of,  1157 


INDEX. 


Bucco-phaiyngeal  area,  23,  33 
fascia,  1037 
membrane,  33,  35,  38 
Buds,  taste,  770 
Bulb,  aortic,  929,  947 
septum  of,  930 
of  brain.    See  Medulla  oblongata 
of  corpus  spongiosum,  1277 
of  jugular  vein,  876 
of  lateral  ventricle,  676 
olfactory,  687,  689 
of  urethra,  1171 
of  vagina,  1283 
of  vestibide,  1182,  1198 
Bulbo-cavemosus  muscle,  436 
Bulbus  arteriosus,  927,  929 
oculi,  723 
Dili,  777 
Bulla  ethmoidalis,  721 
Burdach,  column  of.     See  Spinal  cord 
Bums,  space  of,  879 

BursfB,  268,  276,  278,  296,  299,  303,  317,  318, 
328,  329,   332,    333,   349,   359,  361,   362, 
363,  369,  370,  372,  373,  382,  384,  405,  962, 
1305,  1307 
subcutaneous,  258 
subtendinous,  258 
thecal,  268 
Buttock,  fasciae  of,  355 
muscles  of,  368,  375 
surgical  anatomy  of,  1302 

Caical  artery,  1081 

folds,  1081 

fossae,  1081 
Caecum,  993,  1074,  1076,  1273 

cupulare  of  cochlea,  764 

development  of,  1078 

dimensions  of,  1076 

fcetal,  1078 

ileo-caecal  orifice  of,  1076,  1077,  1078 

infantile,  1079 

position  of,  1076,  1078 

relations  of,  1076 

types  of,  1078 

vermiform  process  of,  1074,  1077,  1079 

vessels  of,  1081 

vestibulare  cochleae,  763,  764 
Calamus  scriptorius,  488 
Calcaneal  artery,  866 
Calcanean  facets,  240,  241 
Calcaneo-astragaloid  joint,  308,  1311 
Calcaneo-cuboid  joint,  311,  1311 

ligaments,  311,  315 
Calcaneo-fibular  ligament,  307 
Calcaneo-scaphoid  ligaments,  309,  315,  1312 
Calcaneo-tibial  ligament,  307 
Calcaneus,  243 
Calcar  avis,  676 

femorale,  229 
Calcarine  artery,  821 

fissure,  565,  566,  576 
Callosal  gyrus,  568 
Calloso-marginal  fissure,  560 
Calvaria,  103 
Calyces,  renal,  1141,  1202 
Canal  of  Alcock,  853 

alimentary,  993 
primitive,  32,  1106 

atial,  1091,  1280 
develoi)ment  of,  45 

for  Aniold's  nervii,  118 


Canal,  auricular,  929 
basi -pharyngeal,  163 
carotid,  118,  120,  165,  169 
central,  of  cochlea,  762 
of  cord,  456,  459,  473,  484 
of  medulla,  498 
crural,  359 
dental,  132,  156,  158 

inferior,  143,  144 
of  epididymis,  1162,  1199,  1202,  1205 
ethmoidal,  129,  130,  149,  169 
Eustachian,  117,  164,  165,  166,  167 
Haversian,  71 
of  Huguier,  114,  750 
hyaloid,  736,  742 

infraorbital,  131,  132,  134,  161,  176 
inguinal,  432,  1162,  1265 
for  Jacobson's  nerve,  118 
lachrymal,  133,  740,  743 
malar,  136 

of  nasal  duct,  161,  173,  176 
neural,  75,  89 
neurenteric,  20,  66 
ofNuck,  1190 
obturator,  293 

palatine,  accessory,  142,  159,  163 
anterior,  134,  162,  173 
posterior,  133,  134,  142,  159,  162 
pala  to-maxillary,  133 
of  Petit,  736 
portal,  1120 

pterygo-palatine,  126,  143,  159,  163 
sacral,  86 
of  Schlemm,  725 

semicircular.     See  Semicircular  canal 
spheno-vomerine,  140 
spinal,  76,  87,  89 
of  Stenson,  998 
temporal,  137,  156 
for  tensor  tympani,  117,  760 
urogenital,  1200 
Vidian,  126,  159,  163,  165,  169 
Canaliculi,  bile,  1112,  1118 

of  bone,  71 
Canaliculus  innominatus,  126 
lachrymalis,  1239 
mastoideus,  118 
tympanicus,  118 
Canalis  centralis  cochleae,  762 

cranio-pharyngeus,  124,  127,  164,  181 
innominatus,  164 
reuniens,  770 

spiralis  modioli  of  Rosenthal,  761 
Canine  teeth,  1016,  1017,  1022 

fossa,  131,  1237 
Canthi  of  eye,  738 
Capillaries,  780 

structure  of,  780 
Capillary  arterioles,  780 
lymphatics,  905 
veins,  780 
Capitellum,  193 
Capitular  process,  94 
Capsula  aaiposa  of  kidney,  1276 
Capsular  arteries,  839,  842,  1121 
Capsule,  external,  580,  581,  583 
ofGlisson,  1116,  1120,  1121 
crlonierular,  1139 
internal,  543,  582 
anterior  limb  of,  683 
auditory  radiation  fibres  of,  5S3 
fronto-pontine  fibres  of,  583,  59^ 
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Capsule,   internal,  fronto  -  thalamic  fibres   of, 
683 
genu  of,  583 
lenticular  part  of,  583 
optic  radiation  fibres  of,  563,  683,  692 
posterior  limb  of,  583 
pyramidal  fibres  of,  683,  691 
retro-lenticular  part  of,  683,  692 
strio-thalamic  fibres  of,  681,  683 
temporo-pontine  fibres  of,  683,  691 
thalamo-frontal  fibres  of,  683 
thalamo-striate  fibres  of,  683 
of  joints,  258 
of  lens,  733 
otic,  120,  181 

suprarenal     See  Suprarenal  capsule 
of  Tenon,  405,  724 
Cardia,  1061,  1066,  1287,  1290,  1271 
Cardiac  bronchus,  990 
lobe  of  lung,  990 
nerves.    See  Nerves 
plexus.    See  Plexus 
portion  of  stomach,  1060,  1052,  1066 
veins,  871 
Cardinal  veins,  936,  936,  944 
Carina  urethralis,  1195 
Carotid  artery.    See  Artery 
gland,  1220 
groove,  123,  169 
lymphatic  glands,  1247 
plexus,  707 
sheath,  400,  802 
triangle,  1200, 1251 
tubercle,  1262 
Carpal  arch,  anterior,  836 
dorsal,  836 
arteries.     See  Artery 
bones,  203 

architecture  of,  208 
ossification  of,  208 
variations  in,  209 
joints,  284 

movements  at,  289 
nerves  to,  635 
synovial  membrane  of,  286 
transverse,  286 
Carpale,  263 

Carpo-metacarpal  joints,  287 
Carpus,  203,  208 
Cartilage  bones,  72,  73,  182 
costal,  101 

cricoid,  958,  959,  992,  1249 
ensiform,  94,  96 
of  larynx,  958,  992 
of  Meckel,  36,  146 
nasal,  717 
lateral,  718 

pi-ocessus  sphenoidalis  of,  718 
of  septum,  717 
vomerine,  718 
parachordal,  181 
of  pinna,  745 
of  Reichert,  148 
semilunar,  301,  1307,  1308 
tarsal,  1239 
of  trachea,  975 
xiphoid,  94,  96 
Cartilagines  comiculatae,  961 

eunei  formes,  961 
Cartilaginous  cranium,  181 

vertebral  column,  90 
Cartilago  triticea,  962 


Caruncula  lachrimalis,  738,  1239 
major,  of  Santorini,  1070 
minor,  of  Santorini,  1070 

sublingualis,  997,  1012 
Carunculae  hymenales,  1193,  1197 
Cauda  equina,  454,  609 

helicis,  745 
Caudal  aortic  arches,  62,  926,  928,  91 

fold,  27,  49,  66 

nerves.     See  Nerves 

process,  43 
Caudate  lobe  of  liver,  1113 
.  nucleus,  674,  576,  679 
Cavernous  arteries,  816 

plexus.     See  Plexus 

sinus,  886 
Cavitv,  amniotic,  48,  49,  50 

glenoid,  114,  1249 

segmentation,  17 

sigmoid,  of  radius,  201 
of  ulna,  196 
Cavum  conch  8B,  744 

dentis,  1016 

Meckelii,  679 

Retzii,  439 

subarachnoidale,  601 
Cells,  8 

basal,  of  olfactory  mucous  memh 
723 

body  of,  8 

ethmoidal,  129,  130,  149,  151,  173, 

germinal,  15,  12,  13,  22,  447,  471 

of  Golgi,  464,  686 

lymphoid,  906 

of  marrow,  71 

of  Martinotti,  686 

mastoid,  122,  762,  1234 

nerve.     See  Nerve-cells 

nucleus  of,  8 

olfactory,  722,  723 

of  Rauber,  18 

reproduction  of,  9 

reproductive,  10 

sperm-mother,  13 

sustentacular,  13 
Cell-mass,  inner,  18,  60 

intermediate,  26,  32 
Cementum,  1014,  1023,  1026,  1027 
Central  arteries.     See  Artery 

gyri.     See  Gyri 

lobe,  607 

lobule  of  cerebellum,  606,  507 

lymphatic  of  hand,  915 

point  of  perineum,  1277 

sulcus  of  insula,  568 
Centrale,  263 
Centre,  association,  593 

medullary.     See  Medullary  centre 

of  ossification,  72,  73 
Centrolecithal  ovum,  11 
Centrosome,  9,  10,  11,  14,  15,  17 
Centrum  of  vertebra,  76,  94 
Cephalic  aortic  arches,  36,   37,  62, 
928,  932,  942 

flexure  of  brain,  479 

fold,  27,  49,  65 

index,  178 

myotomes,  442 

somites,  31,  32 

vein,  891,  938,  946,  965,  1296 
Cephalo-auricular  angle,  743,  745 
Cerato-hyal,  148 
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Cerebellar  arteries.     See  Artery 
tract     See  Tract 
veins,  883 
Cerebello-olivary  tract,  496,  497,  610 
Cei-ebellum,  475,  605 
abe  of,  606,  607 
arbor  vitai  of,  610 
association  fibres  of,  611 
clivus  nionticuli  of,  606,  507 
commissural  fibres  of,  611 
corpus  den ta turn  of,  610 

trapezoide«  of,  501), 
culmen  monticuli  of,  606 
development  of,  477,  480,  528 
fissures  of,  606,  607,  608,  609,  629 
folia  of,  610,  512 
folium  cacumiuis  of,  506,  507 
furrowcnl  Imnd  of,  508 
gray  matter  of,  609,  612 
hemispheres  of,  606,  1227 
lingula  of,  487,  506,  507 
lobes  of,  506 
lobules  of,  506,  607,  608 
medullary  vela  of,  611 
minute  structui-e  of,  512 
nodule  of,  607,  508 
notches  of,  606 
nucleus  eml)oliformi8  of,  610 

fastigii  of,  610,  611,  521 

glolxwiLs  of,  610 
}.>ed  uncles  of,  510 

inferior,  476,  485,  489,  610 

middle,  476,  486,  500,  501,  510 

sui)erior,  476,  486,  503,  610,  511,  535,  646, 
592 
pyramid  of,  507,  508 
roof-nucleus  of,  610,  611,  521 
sidci  of,  506,  607,  530 
tonsil  of,  507 

tulH*r  valvube  of,  607,  608 
uvida  of,  607,  608 
vallecula  of,  606 
vermis  of,  606 
white  matter  of,  609,  612 
Cerebral  arterie^s.     See  Arteries 
cortex,  664,  684 

association  centres  of,  693 
fibres  of,  589 

auditory  an*A  of,  593 

Kind  of  Baillarger  of,  585,  587 
of  Bechterew  of,  587 
of  Vicq  d'Azyr  of,  545,  548,  672,  686 

ceUs  of  Golgi  o*f,  464,  586 
of  Martinotti  of,  586 

commissural  fibres  of,  588 

connexion  with  optic  thalamus,  646 

gray  layers  of,  585 

inter-radial  felt-work  of,  587 

layer  of  polymorj>hic  cidls  of,  586,  686 
of  pyramidal  wdls  of,  685 

nerve-fibres  of,  686 

olfactory  aivn  of,  593 

])rojection  fibres  of,  588,  691 

sonuesthetic  aiva  of,  693 

stratum  zonale  of,  686 

structure  of,  684 

supra-radial  felt-work  of,  687 

tangential  fibres  of,  685 

thickness  of,  584 

visual  area  of,  593 

whit-e  layers  of,  685 
hemispheres,  553 


Cerebral  hemispheres,  association  fibres  of,  588, 
589 
Iwisal  ganglia  of,  579 
borders  ot,  554 
claustrum  of,  582 
commissural  fibres  of,  588 
convolutions  of.     See  Gyri 
corpus  callosum  of,  570 
cortex  of,  554,  584.    See  also  Cerebral  cortex 
development  of,  478,  480,  481,  656,  595 
fimbria  of,  568 
fissures  of,  653,  554,  655 
form  of,  553 

general  structure  of,  654 
gray  matter  of,  554,  584 
groove  for  lateral  sinus  on,  564 
gyri  of,  564.     See  also  Gyri 
lucisura  longitudinalis  of,  596 
internal  capsule  of,  582.    See  also  Capsule, 

internal 
intimate  structure  of,  584 
island  of  Reil  of,  566,  567 
11  men  insidae  of,  568 
lobes  of,  555 
lower  margin  of,  1224 
medullary  centre  of,  564,  684,  688 
morphological  subdivision  of,  684 
nuclei  of,  664,  679,  682 
opercula  of,  656,  561 
poles  of,  554 

position  and  connexions  of,  474,  563 
preoccipital  notch  of,  562 

Srojection  fibres  of,  591 
lolandic  angle  of,  558 
septum  lucidum  of,  573,  697 
sulci  of,  554 
surfaces  of,  553 
surgical  anatomy  of,  1224 
Sylvian  fossa  of,  666,  596 

point  of,  656 
ventricles  of,  572,  673.     See  also  Ventricles 
veins,  882,  883 
vesicles,  22,  66,  476,  481 
Cerebro-spinal  fluid,  463 
nervous  system,  443,  451 

axis  of,   443.     See  also  Brain,   Spinal 

cord 
ganglionic  part  of,  448 
gray  matter  of,  443 
medullary  part  of,  461 
nerve-cells  of,  446 
ner\'e-fibKis  of,  444 
nerves  of,  444.     See  also  Nerves,  cranial ; 

Nerves,  spinal 
neuroglia  ot,  461 
neurons  of,  448,  449,  451 
white  matter  of,  443 
Cerebrum.     See  Cerebral  hemispheres.  Corpus 

callosum.  Fornix,  Thalamus,  Ventricle 
CVruminous  glands,  748,  778 
(Cervical  arteries.     See  Artery 
ffwcia,  400,  1246 

flexure  of  neural  tube,  477,  479,  626 
ganglion.     S^e  Gangli<m 
lymidiatic  glands,  911,  912,  1261,  1262 
nerves.     See  Nerwis 
pleura,  977 
plexus.     See  Plexus 
ribs,  80,  92,  94,  100 
symimthetic,  706,  716,  1261 
veins.     See  Veins 
vertebra;,  75,  76 
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Cervicalis  ascendens  moBcle,  393 
Cervix  uteri,  1188 

arbor  vitaB  of,  1188 
glands  of,  1191 
mucous  membrane  of,  1191 
muscular  coat  of,  1191 
supra-vaginal  portion  of,  1188 
vaginal  portion  of,  1188,  1283 
Chamsecephalic  skulls,  179 
Cbamseprosope,  179 

Chamber,  anterior,  of  eye,  730,  737,  743 
endothelium  of,  727 

posterior,  of  eye,  730,  737 
recesses  of,  736 
Check  ligaments,  267 
Cheek-bone,  136,  162 
Cheeks,  997 

glands  of,  997 

sucking-pad  of,  997 
Chest     See  Thorax 
Chiasma,  optic,  476,  661,  676,  703 
Choanae,  160,  163,  719,  1032 
Chondro-cranium,  181 
Chondro-enitrochlearis  muscle,  324 
Choudro-glossus  muscle,  414,  416 
Chorda  tympani  nerve.     See  Nerve 
Chordae  tenaineas,  790,  791 

WiUisii,  884 
Chordal  portion  of  skull,  181 
Chorioid,  726,  727 

development  of,  746 

lamina  basalis  of,  728,  729 
chorio-capillaris  of,  728 
supra -chorioidea  of,  728 
vasculosa  of,  728 

nerves  of,  731 

pigment  of,  728 

proper  tissue  of,  728 

spatium  perichorioidale  of,  726 

stratum  intermedium  of,  728 

tapetum  of,  729 
Chorioidal  fissure,  742 
Chorion,  48,  62 
Chorionic  area,  24,  62 

vesicle,  62 

vilH,  62,  64,  66,  68,  66 
Choroid  plexuses,  612,  629,  676,  678,  696 
Choroidal  artery,  817,  820 

fissure,  678,  696,  606 

veins,  882 
Chromaffin  cells,  1216 
Chromatin,  9 

skein,  10 
Chromogenic  cells,  1216 
Chromosome,  10,  13,  16,  17 
Chyme,  1050 
Ciliary  arteries.     See  Artery 

body,  726,  729 

border,  730 

bundle,  403 

ganglion.     See  Ganglion 

muscle,  729 

nerves,  680,  681,  726,  727,  731 

processes,  729 
Cingulum,  590,  1017 
Circle  of  Willis,  821 
Circular  sinus,  885 

sulcus,  556,  567 
Circulation,  foetal,  60,  63,  931 
Circiilus  arteriosus,  821 
major,  731 
minor,  731 


Circulus  tonsillaris,  690 
Circum-anal  glands,  1096 
Circumduction,  movement  of,  259 
Circumflex  arteries.     See  Arteriea 

iliac  artery.    S^  Artery 
vein,  899,  901 

nerve,  626,  632,  1296 
Circumflexus  palati  muscle,  419 
Circumvallate  papillae,  1003,  1004 
Cistema  basalis,  602 

chyli,  907 

magna,  602,  1227 

pontis,  602 
Cistemse  subarachnoidales,  602 
Clarke,  column  of,  461,  464,  468,  46: 
Claudius,  cells  of,  766,  767 
Claustrum,  682 
Clava,  484,  492 
Clavicle,  184,  1291 

architecture  of,  186 

articulations  of,  273 

homolo^  of,  264 

ossification  of,  186 

variations  in,  186 
Clavicular  artery,  829 

facet,  96 

nerves,  617,  619,  622 

notch,  96 
Cleft,  gluteal,  1290,  1302 

olfactory,  1239 

palate,  136,  1013,  1240 

visceral,  36,  4?,  66,  67,  701,  703 
Cleido-mastoid  muscle,  411 
Cleido-occipitalis  muscle,  411 
Clinoid  process,  anterior,  124 
middle,  123 
posterior,  122,  169,  170 
Clitoris,  1182,  1197       ..  :  .;       . 

arteries  o^  1198  *-  ^ 

bone  of,  1198 

corpora  cavernosa  of,  1 197 

crura  of,  1197 

development  of,  1200,  1207 

dorsal  vein  of,  897 

frenulum  of,  1196,  1197 

glans  of,  1197 

prepuce  of;  1196,  1197 

suspensory  ligament  of,  1197 
Clivus  monticuli,  606,  607 
Cloaca,  46,  1200,  1203 
Cloacal  fossa,  46,  1200,  1203,  1206 

membrane,  21,  23,  46, 
Co-aptation,  269 
Coccygeal  artery,  866 

ganglion,  704,  711 

gland,  1220 

nerves,  607,  613,  666 

plexus,  668 
Coccyx,  86,  94,  221,  223 
Cochlea,  769,  760 

membranous,  764 
Cochlear  nerva     See  Nerve 
Cochleariform  process,  117,  760,  752, 
Coeliac  artery,  843 

axis,  843,  942,  949,  1276 

lymphatic  glands,  920 

plexus,  712,  713 
CcDlom,  24,  27,  60,  6?,  1105 
Colic  arteries.     See  Artery 

impression  of  liver,  1113 

lymphatic  glands,  920 

veins,  903,  904 
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Collar  bone,  184 
Collateral  fissure,  669,  679 

nerve-fibres,  468 
Collecting  tubules,  renal,  1139 
Colles,  perineal  feiscia  of,  1277 
CoUiculi  inferiores,  634 

superiores,  634 
Colhculus  nervi  optici,  731 
Colon,  1074.     See  also  Intestine 

appendices  epiploic€B  of,  1074,  1076 

ascending,  993,  1074,  1081,  1082,  1274 

caecum  of,  1074,  1076.    See  aUo  Caecum 

descending,  993,  1074,  1083,  1274 

dimensions  of,  1074 

haustra  of,  1064 

hepatic  flexure  of,  1074,  1082,  1274,  1288, 
1290 

iliac,  1074,  1086,  1274 

mesentery  of,  1082,  1086 

nerves  o^  1075 

pelvic,  1074,  1086,  1086,  1274 
in  new-bom  child,  1086 
mesentery  of,  1086 
structure  of,  1087 

plicae  semilunares  of,  1076 

sacculi  of,  1076,  1087 

sigmoid  flexure  of,  993,  1074,  1084 

splenic  flexure  of,  1074,  1083,  1274,  1288, 
1290 

structure  of,  1076 

teniae  of,  1061,  1074,  1076,  1087 

transverse,  993,  1074,  1082,  1274 

vessels  of,  1076 
Columnae  canieae,  790,  791 

fornicis,  672 

rugarum  vaginae,  1195 
Columns  of  Bertini,  1138 

of  Morgagni,  1093,  1094 

spinal  cord.     See  Spinal  cord 

vertebral,  74,  87,  1289.    See  aUo  Vertebrae, 
Vertebral  column 
membranous,  30 
Comes  nervi  isciatici,  866,  963 
mediani,  834 
plirenici,  826 
Comma  tract,  466 
Commissura  habenulanim,  648 
Commissural  fibres,  cerebellar,  611 

cerebral,  588 
Commissure  of  cord.     See  Spinal  cord 

gray,  of  third  ventricle,  544,  660,  694 

of  Gudden,  532,  652,  676 

hippocampal,  672,  689 

of  lips,  995 

optic,  475,  551,  676,  699,  703 

white  anterior,  of  brain,  649,  688,  697 
posterior,  of  brain,  647,  648,  696 
Communicating  arteries.     See  Artery 
Complexus  muscle,  395,  398 
Compound  glands,  1007 
Compressor  bulbi  muscle,  436 

hemispherium  bulbi,  436 

naris  muscle,  403 

radicis  penis,  436 

urethrae  muscle,  437 

venae  dorsalis  penis  muscle,  437 
Concentric  corpuscles  of  Hassall,  1220 
Concha,  744 

inferior,  100,  139,  152 

media,  129,  152 

sphenoidalis,  128 

superior,  129 


Condyle  of  femur,  227 

of  humerus,  190,  192,  193 

of  jaw,  146,  1237 

occipital.  111,  112,  166 
third,  79,  113 
Condylic  foramen,  111,  166,  170,  171,  172 

fossa.  111,  166 

surface  of  tibia,  232,  236 
Condyloid  joints,  267 
Cone  of  attraction,  16 

bipolars  of  retina,  733 

granules  of  retina,  733 

retinal,  734,  743 
Coni  vasculosi,  1162,  1204 
Conical  papillse,  10O3 
Conjoined  tendon,  430,  431,  1266 
Conjugate  diameter  of  pelvis,  222,  223 
Conjunctiva,  739 

fornix  of,  739 

nerves  of,  740 

ocular,  739,  1238 

palpebral,  739,  1238 

plica  semilimaris  of^  738 

vessels  of,  740 
Conoid  ligament,  274,  276 

tubercle,  186 
Constrictor  musdee  of  pharynx,  416,  419,  4 

of  urethra,  437 
Conus  arteriosus,  789 

medullaris,  452,  468,  469,  1290 
Convoluted  tubules  of  kidney,  1139 
Convolutions  of  cerebrum.     See  Gyri 
Coraco-acromial  ligament,  275 
Coraco-brachialis  muscle,  332,  336,  1293,  U 

superior,  332 
Coraco-clavicular  ligament,  274 
Coraco-fflenoid  ligament,  277 
Coraco-numeral  ligament,  277,  324 
Coracoid  process,  186,  189,  254,  1292 
Cord,  gangliated,  of  sympathetic,  703 
cervical,  706,  715 
lumbar,  710,  715 
sacral,  711,  715 
thoracic,  708 

genital,  1204 

lumbo-sacral,  648 

lymphatic,  906 

spermatic,  1160,  1162,  1168,  1266 
cremasteric  fascia  of,  431,  434,  1169 
infundibuliform  fascia  of,  427,  433,  IK 
intercolumnar  fascia  of,  430,  434,  1169 

spina L     See  Spinal  cord 

umbilical,  51 

vocal     See  Larynx 
Cords  of  brachial  plexus,  623,  625,  663 
Corium,  773 

papillae  of,  773 

stratum  papillare  of,  773 
reticulare  of,  773 
Cornea,  725,  726,  1138 

anterior  elastic  lamina  of,  726 

arcus  senilis  of,  727 

blood-vessels  of,  727 

curvature  of,  726 

development  of,  743 

ligameutum  pectinatum  of,  727 

nerves  of,  727 

posterior  elastic  lamina  of,  727 

spaces  of  Fontaiia  of,  727 

structure  of,  726 
Comicula  laryngis,  961 
Comu  ammonia.    See  Hippocampus  major 
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Cornua,  of  coccyx,  86 
of  cord.     See  Spinal  cord 
of  hyoid  bone,  147,  148,  1250 
of  lateral  ventricles,  573,  576 
of  sacrum,  84 
of  saphenous  opening,  356 
of  thyroid  cartilage,  958,  959 
of  uterus,  1192 
Corona  dentis,  1015 
glandis,  1170 
radiata,  583,  691 

of  ovum,  12 
Coronal  plane,  5 

suture,  108,  163,  160,  177 
Coronary  arteries.     See  Arteries 
ligament,  1099,  1115,  1116 
plexus.     See  Plexus 
sinus,  784,  787,  870,  871,  931,  946,  964 
veins.     See  Veins 
Coronoid  fossa,  193 

process  of  jaw,  146,  157,  1237 

of  uhia,  195,  196,  1297 
Corpora  raammillaria,  475,  478,  648,  660,  672, 
596 
quadricemina,  476,  477,  531,  634 

brachia  of,  532,  534,  635 

connexion  with  cochlear  nerve,  634 
Corpora  quadrigemina,  connexion  with  thala- 
mus, 634 

develojpment  of,  642 

fiUet-fibres  of,  534,  538 

inferior,  631,  534 

structure  of,  634 

superior,  631,  634,  662,  653,  592 
Corpus  adipt  sum  buccse,  997 
albicans  of  ovary,  1184 
Arantii,  790 
callosum,  476,  570,  588 

absence  of,  588,  590 

body  of,  571 

development  of,  597 

forceps  major  of,  571,  676 

genu  of,  571 

gray  matter  of,  571 

gyri  of,  571 

radiation  of,  571,  688 

rostrum  of,  571 

splenium  of,  571 

striae  longitudinales  of,  569,  671,  673 

tapetum  of,  571,  576,  688,  691 
cavemosum  clitoridis,  1197 

penis,  1170,  1172 
ciliare,  729 
dentatum,  510 

geniculatimi  externum,  531,  644,  646,  652, 
592,  594 

internum,  532,  538,  662,  692 
Highmori,  1161 
hiteum,  1184 

spongiosum  penis,  1170,  1172,  1277 
striatum,  554,  580,  584 

connexions  of,  581 

development  of,  696 

vein  of,  674,  882 
subthalamicum,  546 
trapezoidea,  501,  509,  510,  520 
vitreum,  735 
Corpuscles,  blood,  61 

concentric,  of  Hassall,  1220 
of  Krause,  775 
lymph,  906 
Malpighian,  of  spleen,  1213 


Corpuscles  of  Meissner,  775 
of  Pacini,  775 
of  Ruffini,  775 
tactile,  774 
Corpuscula  bulboidea,  775 

lamellosa,  776 
Comigator  cutis  ani,  436,  1093 

supercilii,  403,  404 
Cortex,  cerebral     See  Cerebral  coH 

renal,  1138 
CiJrti,  Mnglion  of,  761,  768 
heao-plates  of  rods  of,  766 
organ  of,  766,  766 

cells  of  Claudius,  766,  767 
cells  of  Hensen,  766,  767 
development  o^  769 
hair-cells  of,  766,  767 
lamina  reticularis  of,  766,  767 
membrana  tectoria  of,  766,  767 
pillars  of,  766 
rods  of,  766 
space  of  Nuel  of,  767 
supporting  cells  of,  766,  767 
fibres  oi,  767 
phalangeal  processes  of,  767 
tunnel  of,  766 
Cortico-pontine  tract,  501,  540,  683, 
Costal  cartilage^,  101,  271,  1265 
Costal  pleura,  977,  978 

zone  of  abdomen,  1047 
Costo-central  joints,  269 
Costo-chondral  joints,  271,  1256 
Costo-colic  ligament,  1083 
Costo-coracoid  ligament,  322 
membrane,  321,  828 
muscle,  324 
Costo-stemal  joints,  271 
Costo-transverse  joints,  270 
Coeto- vertebral  joints,  269 
Cotyloid  cavity,  219 
ligament,  294 
notch,  217,  219,  220 
Cowjjer,  glands  of,  1169,  1176,  1180, 
Cranial  nerves,  674     See  also  Nervi 
^        1st,  see  Nerve,  oL&ictory 
2nd,  see  Nerve,  optic 
3rd,  see  Nerve,  oculo-motor 
4th,  see  Nerve,  trochlear 
6th,  see  Nerve,  tri^minal 
6th,  see  Nerve,  abaucent 
7th,  see  Nerve,  facial 
8th,  see  Nerve,  auditory 
9th,  see  Nerve,  glosso-pharynge 
10th,  see  Nerve,  va^^ 
11th,  see  Nerve,  spinal  aooesBor] 
12th,  see  Nerve,  hypoglossal 
Cranio-cerebral  topography,  1224 
Craniology,  178 
Craniometry,  178 

Cranio-pharyngeal  canal,  124,  127,  1 
Cranium,  103,  169,  177.     See  also  SI 
articulations  of,  with  spine,  266 
bony  landmarks  of,  1223 
capacity  of,  178 
cartilaginous,  181 
cerebrale,  103,  160 
circumference  of,  179 
fossae  of,  167,  171,  176 
height  of,  179 
membranous,  181,  184 
surgical  anatomy  o^  1222,  1224 
thickness  of,  1224 
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Cranium,  trabecular  portion  of,  183 
veins  of,  880,  883 
vertebral  portion  of,  183 
viscerale,  103,  160 
Cremaeter  muscle,  431 
Cremasteric  artery,  843,  867 

fascia,  431,  434,  1169 
Crescent  of  Gianuzzi,  1008 
Crescentic  lobule,  506,  507 
Crest^  falciform,  119 
frontal,  106,  169 
iliac,  214,  223,  1290,  1302 
incisor,  134 

infra-temporal,  125,  155,  167 
lachrymal,  133,  138,  151 
malar,  125 
nasal,  134,  173 
neural,  21 
obturator,  218 
occipital,  external,  109 

intenial,  110,  171 
pubic,  218,  223,  1306 
sacral,  84 
sphenoidal,  124 
supra -mastoid,  114,  154 
temporal,  104,  107,  154,  1224,  1237 
of  tibia,  233 

turbinated  inferior,  133,  142 
turbinated  superior,  133,  142 
Cribriform  lascia,  366 

plate,  128,  130,  173,  176,  177 
Crico-arytenoid  joint,  962 

muscles,  968,  969,  971 
Cricoid  cartilage,  969,  961,  992,  1249 
Crico-thvroid  artery,  805 
membrane,  962,  1249,  1289 
muscle,  968,  971 
Crista  acustica,  764 
basilaris  cochleae,  766 
galli,  128,  169 
mallei,  765 
sacralis,  84,  85 
spinarum,  748 
semilunaris  cochleae,  761 
terminalis,  787,  932 
transversa  cochleae,  762 
urethrae,  1158,  1178 
vestibuli,  769 
Crucial  anastomosis,  865,  862 
ligament  of  atlas,  267 

of  knee,  300 
Crura  antihelicis,  744 
cerebri,  532 

crusta  of,  532,  539 

development  of,  478,  480,  481,  642 

fronto-pontine  fibres  of,  640,  691 

position  and  connexions  of,  475,  476,  532 

pyramidal  fibres  of,  540,  691 

red  nucleus  of,  635,  536,  546 

tegmental  part  of,  632,  635,  543,  546,  550 

temporo-pontine  fibres  of,  640,  591 
clitoridis,  1197 
of  diaphragm,  423 
fomicis,  672 
of  penis,  1171 
Crural  arch,  deep,  369 

superficial,  369,  430 
canal,  369 
fossa,  1098 
nerves.     See  Nerves 
ring,  359,  430 
septum,  369 

89 


Crural  sheath,  359 
Crureus  muscle,  361,  375 
Cms  anterius  of  stapes,  756 

breve  of  incus,  756 

commune  of  semicircular  canals,  760 

helicis,  744 

longum  of  incus,  756 

posterius  of  stapes,  756 
Crusta  of  cms  cerebri,  532,  639 

petrosa,  1014,  1023,  1025,  1027 
Cryptorchism,  1168 
Cryptozygous  skulls,  160,  179 
Crystalline  lens.     See  Lens 
Cubo-cuneiform  articulation,  312 
Cuboid  bone,  239,  247,  253 
Cucullaris  muscle,  318 
Culmen  monticuli,  506,  507 
Cuneate  funiculus,  455,  466,  484,  491,  492 

gyrus,  565,  566 

nucleus.     See  Nucleus 

tubercle,  485,  492 
Cuneiform  bone  of  hand,  203,  205,  209 
of  foot,  external,  245,  247,  249,  263 
internal,  245,  246,  249,  253 
middle,  245,  246,  249,  253 

cartilages,  961 

tubercle,  964 
Cimeo-lingual  gyri,  566 
Cuneo-meta tarsal  ligaments,  313 
Cuneus,  566 

Cup,  optic,  698,  703,  731,  742 
Cupola  of  cochlea,  760 

terminalis,  764 
Curved  lines  of  ilium,  215 

of  occipital  bone,  109,  110,  164,  169,  162, 
166 
Cushion,  endocardial,  929 

of  epiglottis,  965 

Eustachian,  1033 

levator,  1034 
Cusps,  aortic,  791 

of  tooth,  915,  1017,  1021 
Cutaneous  lamella,  30,  31 
Cuvier,  duct  of,  935,  936,  944,  964 
Cylinder,  axis.     See  Axon 
Cymba  conchse,  744 
Cystic  artery,  845 

duct,  1119,  1270 

vein,  903 
Cytolymph,  8 
Cytoplasm,  7,  8,  10 
Cyto-reticulum,  8 

Dacryon,  179 

Dartos  muscle,  434,  1170 

penis,  1172 
Darwin,  tubercle  of,  744 
Decidua,  53,  56 

basalis,  54,  57,  58 

capsularis,  54,  57 

layers  of,  67,  58 

relation  of  ovum  to,  53 

vera,  54,  57 
Deciduous  teeth,  1015,  1022,  1027 
Decussation  of  cerebellar  peduncles,  636 

of  fillet,  493 

of  Forel,  539 

fountain,  539 

of  Meynert,  639 

motor,  493 

in  optic  commissure,  676 

of  pyramids,  482,  483,  490 
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Decussation,  sensory,  493 

transverse,  of  pons,  500 
Defaecation  centre,  1097 
Degeneration,  Wallerian,  466 
Deglutition,  movements  in,  419 
Deiters,  nucleus  of,  520,  521 

supporting  cells  of,  766,  777 
Deltoid  eminence,  191 

ligament,  307 

muscle,  327,  331,  1295 

tubercle,  185 
Demilunes  of  Gianuzzi,  1008 
Demoure,  lamina  of,  725 
Dendrites,  22,   445,  447,  449,   461,  513,   585, 

704 
Dental  arches,  143,  152,  160,  180,  1021 

artery,  811,  812 

canals,  132,  143,  144,  156,  158 

foramen,  144,  157 

formula,  1015 

index,  181,  1029 

lamina,  1026 

nerves.     See  Nerves 

veins,  880 
Dentary  centre,  146 
Dentate  fissure,  569 

gyrus,  568 

nucleus,  510,  511 
Dentinal  fibrils,  1024,  1028 

papilla,  1025,  1026 

sheaths,  1024,  1028 

tubes,  1024,  1028 
Dentine,  1014,  1023,  1024,  1025,  1026,  1028 
Depressor  alae  nasi  miLscle,  403 

anguli  oris  muscle,  404,  405 

labii  inferioris  muscle,  404,  405 

septi  muscle,  403 
Dermal  teeth,  1025 
Dermis,  773 

Descemet,  lamina  of,  727 
Descending  degeneration,  466 
Descriptive  terms,  4,  70 
Dftutoplasm,  10,  47 
Development,  1 

of  alimentary  canal,  32 

of  anal  canal,  45 

of  ai)pendicular  skeleton,  253 

of  arteries,  932 

of  auditory  ossicles,  757 

of  blood  vascular  system,  60,  925 

of  blood-vessels,  60 

of  bmin,  476,  526 

of  cerebellum,  477,  480,  528 

of  cerebral  hemispheres,  478,  480,  594,  595 

of  chondro-cranium,  181 

of  cranial  nerves,  698 

of  Eustachian  tube,  43,  44 

of  external  ear,  43,  66 

of  eye,  741 

of  lieart,  62,  925,  928 

of  inter-brain,  478 

of  intestine,  1105 

of  joints,  259 

of  Labyrinth,  769 

of  larynx,  35 

of  lini])s,  46,  66 

of  liver,  1122 

of  niamnia,  1209 

of  medulla  oblongata,  477,  480,  526 

of  mid-brain,  476,  477,  542 

of  nioutli,  34,  38,  67,  41 

of  neck,  35,  36,  37,  67 


Development  of  nerve-cellrt,  447,  < 

of  nose,  38,  66 

of  oesophagus,  1042 

of  palate,  40,  1013 

of  pancreas,  1129 

of  pericardium,  925 

of  i)eritoneimi,  1105 

of  phar^Tix,  34,  1037 

of  pinna,  43,  66 

of  pituitaiy  b<xly,  42 

of  placenta,  52 

of  pons  Varolii,  477,  480,  528 

of  quadrigeminal  bodies,  542 

of  respiratory  apparatiu<,  992 

of  salivary  glands,  1013 

of  skeletal  muscles,  441 

of  skin,  778 

of  spinal  cord,  471 

of  spinal  nerves,  660 

of  spleen,  1213 

of  suprarenal  capsules,  1216 

of  sympathetic  system,  715 

of  teeth,  1025 

of  thymus  gland,  1220 

of  thyroid  gland,  1217 

of  tongue,  35,  37,  1013 

of  tonsil,  1037 

of  tympanic  cavity,  43,  44 

of  urinogenital  organs,  1198 

of  veins,  62,  934 
Diagonal  sulcus,  560,  561 
Diaphragm,  423,  426,  1043 

anomalies  of,  426 

arch  of,  1286,  1290 

central  tendon  of,  424 

crura  of,  423 

foramina  in,  424 

heniia  of,  426 
Diaphragma  sellae,  599 
Diaphragmatic  ganglion,  622,  713 

line  of  pleura,  979,  981 

lymphatic  glands,  924 

pleura,  977 

plexus,  622,  713 
DiaphjTsis,  71 
Diapophysis,  94 
Diaithrosis,  256,  257,  260 
Diencephalon,  476,  478,  481,  542 
Digastric  fossa,  144 

groove,  117,  166 

muscle,  413,  415,  416,  442 

triangle,  1249 
Digital  arteries.     See  Arteries 

fossa,  225 
of  testis,  1160 

sheaths  of  fingers,  339 
of  toes,  378 

veins,  889,  900,  946 
Digitus  post  minimus,  253 
Dilatator  pupillije,  731 
Dilator  naris  muscle,  403 

tubte  muscle,  754 
Diphyodont  dentition,  1029 
Diploe,  71 
Diploic  veins,  880 
Disc,  articular,  260,  261,  268,  274, 

int^rpubic,  292 

intervertebral,  261 

optic,  731 

tactile,  774 
Discus  proligerus,  1 1 85 
Diverticulum,  allantoic,  50,  51.  65 
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Diverticulum,  ilei,  1023,  1106 
Dolicho-cephalic  skulls,  160,  178 
Dolicho-facial  skulls,  179 
Dolichuranic  skulls,  180 
Dorsal  axial  line  of  limbs,  614 
Dorsalis  clitoridis  artery,  854,  1 198 

hallucis  artery,  869 

indicis  artery,  833,  952 

liiiguce  artery,  806,  1006 

pedis  artery,*868,  1312 

penis  artery,  854 

pollicis  artery,  832 
Dorsiflexion,  308,  316 
Dorso-epitrocblearis  muscle,  324 
Dorsum  sellie,  122,  169,  181 
Douglas,  fold  of,  432,  1101,  1189,  1267 

pouch  of,  1090,  1100,  1189,  1283,  1284 
Duct  or  Ducts,  alveolar,  of  lung,  991 

of  Bartholin,  1013 

bile,  995,  1068,  1070,  1113,  1120,  1122,  1123, 
1270 

of  Cuvier,  936,  936,  944,  954 

cystic,  1119,  1270 

ejaculatory,  1159,  1162,  1164,  1179,  1199 

of  Gartner,  1187 

hepatic,  1118,  1123 

interlobular,  of  liver,  1118,  1122,  1123 

lactiferous,  1208 

lingual,  1217 

lymphatic,  right,  904,  906,  909,  966 

Miilierian,  1199,  1204 

nasal,  722,  740,  741,  743,  1239 
development  of,  40 

pancreatic,  996,  1068,  1070,  1124,  1127,  1128 

parotid,  1011,  1238 

prostatic,  1176 

of  Rivinus,  1113 

of  Stenson,  995,  1011 

submaxillary,  1012 

thoracic,  904,  906,  956,  1040,  1254,  1289 

thyro-glossal,  37,  1014,  1217,  1242 

vitelline,  1073,  1105 

vitello-intestinal,  33,  48,  61,  1106 

of  Wharton,  997,  1012,  1244 

of  Wirsung,  1127 

Wolffian,  1198,  1200,  1204 
Ductless  glands,  1007,  1210 
Ductus  artericwus,  37,  63,  64,  933,  947 

cochlearis,  759,  764,  766,  769 

endolymjjhaticus,  763,  769 

I)ara-urethralis,  1158,  1196 

reuniens  of  Hensen,  763,  770 

utricido-saccularis,  763 

venosus,  63,  903,  935 
fissure  of,  1112,  1114 
ligament  of,  1117 
Duodenal  folds,  1069 

fossje,  1068 

impression,  1114 
Duo(leno-jejunal  llexure,  1065,  1070,  1272 

fossa,  1069,  1272 
Duodenum,  993,  1066.     .SW  also  Intestine 

caruncula  of,  1070 

diverticulum  of,  1070 

first  part  of,  1066,  1066,  1272 

interior  of,  1069 

nerves  of,  1070 

orifice  of  bile-duct  in,  1068 

peritoneal  relations  of,  1067,  1068,  1069 

relations  of,  1065 

second  part  of,  1065,  1068,  1272 

structure  of,  1070 


Duodenum,  surgical  anatomy  of,  1272 
suspensory  muscle  of,  1070 
thiixi  part  of,  1065,  1068,  1290,  1272 
uncovered  area  of,  1068 
various  forms  of,  1070 
vessels  of,  1070 
Dura  mater,  597 

cranial,  697 

diaphragma  sellae  of,  599 

falx  cerelxjlli  of,  599 
cerebri  of,  699 

lacunae  laterales  of,  603 

layers  of,  698,  600 

parasinoidal  sinuses  of,  603 

prolongations  of,  on  nerves,  598,  600 

spinal,  453,  599 

venous  blood-sinuses  of,  698,  699 

Ear,  743 

capsule,  120,  181 

external,  743 

development  of,  43,  66,  67 

meatus  of,  743.     See  also  Auditory  meatus 

pinna  of,  743 

internal,  769.     See  also  Labyrinth 

middle.     See  Tympanic  cavity 

muscles  of,  extrinsic,  402 
intrinsic,  746 

surgical  anatomy  of,  1229 
Ebner,  glands  of,  771 
Ectochondral  ossification,  72 
Ectoderm,  18,  19,  28 

neural,  28 

stnictures  formed  from,  28 

surface,  28 
Egg-tubes,  1184 
Ejaculator  urinoe  muscle,  436 
Emculatory  duct,  1169,  1162,  1164,  1179,  1199 
Elastic  lamina  of  arteries,  781 
of  cornea,  726,  727 

membrane  of  Henle,  782 
Ellx)w,  surgiail  anatomy  of,  1296 
Ellww-joint,  279 

fat-pads  of,  281 

movements  at,  281,  336,  354 

muscles  acting  on,  336,  354 

nerves  of,  628 

surgical  anatomy  of,  1296 

synovial  membrane  of,  281 
Embolus  of  ct^rel)ellum,  510 
Embryo,  28 

development  of     See  Development 

ectoderm  of,  28 

entoderm  of,  28,  29 

external  characters  at  different  pt^riods,  65 

folding  off  of,  from  blastcxlermic  vesicle,  26 

intermediate  cell-imiss  of,  32 

lateral  mt^xierniic  plates  of,  31 

membranes  of,  48,  59 

mesiMlermic  somites  of,  30,  31 

nutrition  of,  47,  60 
Embryoh^,  1,  7 
Embryonic'area,  19,  26,  50,  65 
Kminenas  genital,  45,  66,  1200,  \2m 
Eminentia  arcuata,  119,  170 

collateral  is,  660,  576,  678 

concha;,  744 

U?res,  488,  524,  527 

triangularis,  744 
Emissary  vt-ins,  884,  886 
Enamel,  1014,  1023,  1026,  1028 

cells,  1026,  1028 
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Enamel  cuticle,  1024 

germs,  1026 

or^ns,  1026 

prisms,  1023 
Enarthrodial  joints,  257 
Encephalon.     See  Brain 
End-bulbs  of  Krause,  776 
Endocardial  cushions,  929 
Endocardium,  787,  788,  790,  791,  792 
Endochondral  ossification,  72 
Endognathion,  1013 
Endolvmph,  762 
Endoskeleton,  69 
Ensiform  artery,  826 

cartilage,  94,  96 
Entoderm,  18,  19,  29,  50 
Epactal  bones,  131 
Eparterial  bronchus,  976,  990 
Ependyma,  573 
Ependymal  cells,  451,  459 

layer,  472 
Epiblast,  18 

Epibranchial  oi^ns,  701,  702 
Epicardium,  791,  792 
Epicondyles,  192,  193,  194,  228 
Epicondylic  lines,  227 

process  of  humerus,  194,  195,  1296 

ridges,  192 
Epicranial  aponeurosis,  400,  401 
Epidermis,  773,  778 
Epididymal  artery,  843 
Epididymis,  1159,  1160,  1280 

body  of,  1160 

canal  of,  1162,  1199,  1202,  1205 

globus  major  of,  1160 
minor  of,  1160 

hydatids  of,  1160,  1205 

sinus  of,  1160 

structure  of,  1161 

vasa  aberrantia  of,  1162,  1199 
Epidural  space,  598,  600 
Epigastric  arteries.    See  Artery 

fossa,  1255 
Epigastric  region,  1047,  1267 

veins.     See  Veins 
Epigastrium,  1047 
Epiglottidean  ligaments,  963 
Epiglottis,  961,  1218,  1289. 

cartilage  of,  961 

cushion  of,  965 

in  deglutition,  971 

development  of,  35,  38,  992 

frenulum  of,  1002 

glands  of,  968 

taste  buds  of,  770 
Epihyal,  148 
Epiotic,  121 
Epiphyses,  71,  73,  74 
Epipteric  ossicles,  1 19,  131 
Epistemal  bones,  97 

notch,  1289 
Epistropheus,  79 
Epithalamus,  642,  594 
Epithelium,  28 
Epitrichium,  779 
Epitrochleo-anconeus  muscle,  350 
Epi tympanic  space,  1232,  1233 
Eponychium,  776,  779 
Epoophoron,  1187,  1190,  1199 
Erect  position,  4 
Erector  clitoridis  muscle,  437 

penis  muscle,  436 


Erector  spinas  muscles,  393,  398,  3 
Eruption  of  teeth,  1022,  1026,  102' 
Erythroblasts,  72 

Ethmoid  bone,  103,  128,  151,  169, 
ossification  of,  130 
variations  in,  130 
Ethmoidal  arteries,  816 
canals,  129,  130,  149,  169 
cells,  129,  130,  149,  151,  173,  1* 

1236 
crest,  133,  142 
foramen,  104,  169 
groove,  129 
notch,  104 
plate,  181 
process,  139 
sinus,  174 
spine,  123 
Ethmo-turbinals,  129 

vomerine  region,  181 
Eustachian  canal,  117,  164,  165,  16 
cushion,  1033 

tube,  750,  763,  1232,  1233,  1246 
blood-vessels  of,  754 
in  child,  754 
development  of,  43,  44 
dilator  muscle  of,  754 
fascia  salpingo-pharyngea  of,  1 
groove  for,  124,  164,  165,  753 
isthmus  of,  753 
lamina  membranacea  of,  754 
nerves  of,  754 
ostium  pharyngeum  of,  753,  7£ 

tympanicum  of,  753 
pars  cartilaginea  of,  753 

OBsea  of,  753 
tonsil  of,  754 
valve,  788,  892,  932 
Eutelolecithal  ovum,  11 
E version  of  foot,  315 
Exoccipitals,  113,  181 
Exognathion,  1013 
Exoskeleton,  69 
Expression,  facial,  404 
Expiration,  426 
Extension,  movement  of,  259 
Extensor  brevis  digitorum   muscle 
390,  1312 
pollicis  muscle,  352,  354,  355 
carpi  radialis  brevior  muscle,  349 
lon|;ior  muscle,  349, 354 
ulnaris  muscle,  350,  354 
communis  digitorum  muscle,  349 
hallucis  longus  muscle,  380 
indicis  muscle,  353,  354 
longus  digitorum  muscle,  379,  38 
pollicis  muscle,  353,  354,  355 
primi  intemodii  hallucis  muse] 
mmimi  digiti  muscle,  350,  354 
ossis  metacarpi  pollicis  muscle,  3; 
metatarsi  hallucis  muscle,  380 
proprius  hallucis  muscle,  380,  38 
Eye,  72a     See  also  Eye-ball  ' 
development  of,  741 
movements  of,  407 
pineal,  547 
Eyeball,  723,  724 
anterior  chamber  o^  730,  737,  74 
coats   of,  725.     See  alto  Chorio 

Sclera 
dimensions  of,  724 
equator  o^  724 
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Eyeball,  meridional  lines  of,  724 

nefvea  ot     See  Nerves,  ciliary 

nervous  tunic  of,  726,  731 

poles  of,  724 

posterior  chamber  of,  730,  737 

refracting  media  of,  725.     See  aUo  Aqueous 
humour,  Lens,  Vitreous  body 

sagittal  axis  of,  724 

sclero-comea  of,  726 

shape  of,  724 

sulcus  scleras  of,  724 

tunica    vasculosa    of,    726,    727.      See    aUo 
Chorioid,  Ciliary  body,  Iris 
Eyelashes,  738,  739 
Eyelids,  738,  1238 

blood-vessels  of,  740 

cantlii  of,  738 

development  of,  743 

in  foetus,  67,  68 

glands  of  Moll  of,  739,  778 
icus  lacrimalis  of,  738 
lymphatics  of,  740 

mucous  membrane  of,  738.     See  aUo  Con- 
junctiva 
muscles  of,  402,  404,  739 
nerves  of,  740 
palpebral  li^ment  of,  739 
papilla  lacnmalis  of,  738 
septum  orbitale  of,  739 
skin  of,  739 
tarsal  arches  of,  740 

E'    ids  of,  739,  740 
ments  of,  739 
:es  of,  738 
thrid,-738 
Eye-teeth,  1017 

Face,  bones  of,  103,  131,  161,  160,  177 
bony  landmarks  of,  1236 
measurements  of,  179 
muscles  of,  402,  404,  442 
surc^ical  anatomy  of,  1236 
Facial  angle,  180 
Facial  artery.     See  Artery 
expression,  404 
index,  179 
nerve.     See  Nerve 
veins.     See  Veins 
Falciform  crest,  119 

ligament  of  saphenous  opening,  367,  369 
of  liver,  1098, 1107, 1113, 1116, 1116, 1124, 
1270 
process,  292 
Fallopian  tube,  1181,  1186,  1283 
aodominal  ostium  of,  1186 
ampulla  of,  1186 
development  of,  1 199 
fimbriae  of,  1186 
hydatids  of,  1187 
infundibulum  of,  1186 
isthmus  of,  1186 
mesosalpinx  of,  1185,  1189 
nerves  of,  1 186 

ovarian  fimbria  of,  1184,  1186 
pars  uterina  of,  1186 
plic«of,  1186 
structure  of,  1 186 
uterine  ostium  of,  1186 
vessels  of,  1 186 
FallopiuH,  aqueduct  of,  119,  166,  170,  762,  762 

hiatus  of,  119,  122,  169 
Falx  oerebelli,  699 


Falx  cerebri,  699 

Fan^  of  teeth,  1015 

Fascia  or  Fasciae  of  abdomen,  426,  1044 

of  arm,  332 

axiUary,  321 

of  back,  318,  391 

bicipital,  333,  1297 

bucco-pharyngeal,  1037 

bulbi,  724 

cervical,  400 
deep,  974,  1246 

muscular  compartment  of,  1247 
suprasternal  compartment  of,  1247 
vascular  compartment  of,  1247 
visceral  compartment  of,  1246 

cremasteric  431,  434,  1169 

cribriform,  366 

deep,  317 

of  foot,  376 

of  forearm,  336 

of  groin,  366 

of  hand,  336 

of  head,  399 

iliaca,  1044 

infundibuliform,  427,  433,  1169 

intercolumnar,  430,  434,  1 169 

lata  of  thigh,  366,  1306 

of  leg,  376 

of  lower  limb,  366 

lumbar,  318,  391 

masseteric,  400 

of  neck,  400 

obturator,  438 

of  orbit,  405 

parotid,  1010 

palmar,  338 

pectoral,  321 

pelvic,  438,  1044 

penis,  1172 

of  perineum,  434,  1277 

phrenico-pleural,  982 

plantar,  378 

popliteal,  368,  1306 

prevertebral,  401 

pyriformis,  438 

rectal,  1091 

recto-vesical,  439 

salpingo-pharyngea,  754 

of  Scarpa,  1278 

semilunar,  333 

of  shoulder,  327 

spermatic,  430 

superficial,  317 

temporal,  400 

of  thigh  and  buttock,  366 

transversalis,  427,  1044 

triangular,  430 

of  upper  limb,  318 
Fasciculus  longitudinalis  inferior,  590 
superior,  690 

midole,  of  brachial  plexus,  624 

occipito-frontalis,  690 

olfactory,  of  comu  ammonis,  672 

posterior,  of  brachial  plexus,  624 

retroflexus,  639,  647 

solitarius,  517,  618,  524,  627 

spiralis  of  cochlear  nerve,  768,  769 

tnalamo-mammiUaris,  545 

uncinatus,  590 

of  Vicq  d*  Azyr,  645,  548,  572 
Fat-pads,  synovial,  ^58, 281,  295,  302 
Fauces,  lOOO 
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Fauces,  iathiiius  of,  993,  995,  998,  1100,  1244, 
1288 

pillars  of,  999,  1000,  1034,  1244 
Female  pronucleus,  13,  16 
Femoral  artery,  858,  934,  943,  953,  1306 

fossa,  1098 

heniia,  359 

lymphatic  glands,  916 

sheath,  358,  427,  859 

vein,  897,  898,  946 
Femur,  224,  297 

architecture  of,  229 

connexions  of,  229 

homology  of,  253 

lower  epiphyseal  line  of,  1308 

ossification  of,  229 

pilastered,  229 

variations  in,  229 
Fenestra  ovalis  s,  vestibuli,  752,  759 

rotunda  s.  cochleae,  752,  1232 
Fenestmted  membrane,  781 
Fertilisation  of  ovum,  16,  65 
Fibrae  arcuatae.     See  Arcuate  fibres 

lentis,  737 

Miilleri,  699,  734 
Fibres  of  Purkinj^,  791 
Fibrils,  dentinal,  1024,  1028 
Fibro-cartilages,  258,  260,  274,  275,  282,  292, 
301 

intervertebral,  261 

semilunar,  301,  1307,  1308 

triangular,  282,  283 
Fibrous  plate  of  tiugei-s,  289 
of  toes,  315 
tympanic,  748 
Fibula,  235,  1308,  1309 

architecture  of,  238 

connexions  of,  238 

homology  of,  253 

ossification  of,  239 

variations  in,  239 
Fibular  artery,  868 
Fibulai-e,  os,  253 
Field,  polar,  9 
Fifth  ventricle,  573 
Filament,  axial,  15 
Filiform  papillae,  1003 
Fillet,  494,  592 

connexion  with  cochlear  nuclei,  538 
geniculate  body,  534,  538 
optic  thalamus,  539 
quadrigeminal  body,  534,  538 
superior  olive,  538 

decussation  of,  493 

interolivary  stratum  of,  496 

lateral,  505,  521,  533,  538 

mesial,  504,  539,  546,  553,  592 

in  mid-brain,  533,  534,  535,  538 

in  pons,  502,  504 
Filtrum  ventriculi  of  Merkel,  965 
Filum  terminale,  452,  459,  599 
Fimbria,  568,  572,  577 
Fimbriie  of  Fallopian  tube,  1184,  1186 
Fimbrio-deiitate  sulcus,  569 
Fingers,  bones  of,  203,  212 

movements  of,  354 
Finger-cells,  773 
Fissura  antitragohelicina,  746 

vestibuli,  760 
Fissure  or  Fissures,  auricular,  116 

calcarine,  565,  576 

caUoso-marginal,  560 


Fissure  or  Fissures  of  cerebellum,  506 
of  cerebrum,  553,  554 
chorioidal,  742 
choroidal,  578,  596,  605 
collateral,  559,  679 
complete,  554 
of  cord,  454,  460,  473 
dentate,  554,  569,  577 
of  ductus  venosus,  1112,  1114 
ecto-rhinal,  560,  568,  584 
floccular,  509,  529 
Glaserian,  114,  121,  750 
great  horizontal,  of  cereljelluiu,  506, 1 

longitudinal,    of    cerebrum,    474, 
696 
hippocamjml,  554,  569 
incomplete,  554 
infrapyramidal,  508,  530 
interlobar,  556 
of  lung,  988 
of  medulla,  482 
palpebral,  738 
parallel,  567,  1224,  1225 
parapyramidal,  508,  630 
parieto-occipital,  568,  1223,  1225 

external,  559,  565 

internal,  559,  565 
petro-basilar,  118 
petro-occipital,  165 
petro-squamous,  119 
petro-tymj)anic,  750 
portal,  1113,  1115 
post-nodular,  509,  530 
post-lunata,  507,  530 
prima,  530 

pterygo-maxillarv,  156,  158 
of  RoLindo,  658,  1224,  1225 

annectant  gyri  of,  558 

development  of,  568,  564 
retrotonsillar,  508,  530 
of  Santorini,  745 
secunda,  508 

sphenoidal,  124,  125,  127,  149,  151,  17 
spheno-maxillary,  125,  131,   136,    141 

155,  158,  160,  164 
spheno-petrous,  164,  165 
suprapvramidal,  508,  530 
of  Sylvius,  563,  555,  1224 

anterior  ascending  ramuB  of,  556,  55 

development  of,  556 

horizontal  rami  of,  556,  557 

stem  of,  555 

terminal  piece  of,  556 

valleculla  of,  555 
transverse,  of  brain,  604,  605 

of  liver,  1113,  1115 
tympano-mastoid,  116 
umbilical,  1114 
urinogenital,  1200 
Flat  l)one8,  70,  71 
Flechsig,  areas  of,  499 
Flexion,  259 

Flexor  accessorius  muscle,  384,  390 
brevis  digitorum  muscle,  386,  389,  39C 

hallucis  muscle,  388,  389 

minimi  digiti  of  foot,  388,  389 
of  hand,  347,  353,  354,  356 

{)olliciB  muscle,  345,  353,  355 
carpi  radialis  muscle,  339,  353,  354,  12 

lUnaris  muscle,  340,  353,  354 
caudse  muscle,  441 
longuB  digitorum  muscle,  384,  380^  38( 
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Flexor  longiis  liallucis  inu8cle,  385,  389,  390        I 
pollicis  muscle,  343,  353,  355,  1301 

profundus  digitonim  muscle,  342,  353,  354       I 

sublimis  digitorum  muscle,  341,  353,  354  i 

Flexures  of  brain,  479  | 

cephalic,  479 

cervical,  477,  479,  526 

pontine,  479 

duodeno-jejunal,  1065,  1070 

hepatic,  1074,  1082,  1288,  1290,  1274 

sigmoid,  993,  1074,  1084 

splenic,  1074,  1083,  1288,  1290,  1274 
Floating  riU«s,  97 
Floccular  fossa,  119,  122 
Flocculus,  508,  509,  529 
FcctiL«,  circulation  of,  60,  63,  931 

development  of.     See  Development 

external  characters  at  different  period«,  65 

estimate  of  age  of,  68 

membranes  of,  48,  59 
Fold,  amnion,  49,  66  i 

aryteno-epiglottidean,  38,  964  I 

axillary,  1293  I 

caudal,  27,  49,  66 

cephalic,  27,  49,  66 

of  Douglas,  432,  1101,  1189,  1269 

genital,  45,  1206 

glosso-ej)iglottic,  1002 

gluteal,  1302 

labio-scrotal,  1200,  1206 

lateml  amniotic,  45 

medullary,  21,  66  ' 

perineal,  45  ' 

l)haryTigo-epiglottic,  963,  1002,  1036  | 

recto-genital,  1101  ; 

recto-uterine,  1189  i 

recto-vaginal,  1189  ' 

sacro-genital,  1156 

sal  pingo-j>ala  tine,  1033 

salpingo-pharyngeal,  1033  ^ 

transverse  vesical,  1156  ' 

utero- vesical,  1189  1 

vestigial,  of  Marshall,  784,  795 
Folia  of  cerebellum,  510,  512 

linguie,  1004 
Folium  cacuminis,  506,  507 
Follicles,  Graafian,  1184,  1204 

of  hair,  776 

of  Lieberkiihn,  1062 

lymphatic,  906 
Follicles,  primitive,  of  ovary,  1204 

of  teeth,  1027,  1028 
Fontana,  spacer*  of,  727  ; 

Fontanelles,  106,  183,  1223  | 

Foot,  articulations  of,  306 

lK)ne.s  of,  239,  248 

fascijK  of,  376  I 

lymphatics  of,  916,  917 

mechanism  of,  315 

muscles  of,  378,  386,  389 

surgical  anatomy  of,  1310 
FfK)t-plate  of  stapes,  756 
Foramen  apicis  dentis,  1015 

ciucum  of  skull,  105,  128,  169 

of  medulla,  482  ' 

of  tongu.-,  37,  1000,  1014,  1217,  1242  ; 

centrale  cociilea,  761  | 

condylic.  111,  166,  170,  171,  172 

dental,  inferior,  144,  157 

ethmoidal,  104,  149,  169 

of  Huschke,  748 

indflor,  134,  162 


Foramen  infraorbital,  131,  151,  1237 

intervertebral,  76,  86,  89 

jugular,  118,  120,  165,  170 

lacerum,  165,  169 

magnum,  109,  112,  160,  166,  170,  171 

of  Majendie,  512,  601 

mandibulare,  144,  158 

mastoid,  117,  156,  171 

mental,  143,  1237 

of  Monro,  476,  479,  544,  551,  573,  594 

obturator,  214,  219 

occipital,  106 

optic,  124,  127,  149,  169 

ovale,  of  heart,  63,  787,  788,  930,  947 
of  sphenoid,  125,  127,  157,  158,  164,  161 

jMilatine,  greater,  162 
lesser,  142,  163 
l)08terior,  1246 

parietal,  108,  109,  159,  167 

(piadratum,  424 

rotundum,  125,  127,  159,  170 

sacro-sciatic,  222 

of  Scari>a,  134,  162 

sciatic,  great,  291 
small,  292 

singulare  of  cochlea,  762 

spheno-palatine,  142,  159,  173 

spinal,  75,  76,  77,  80,  82 

spinosum,  125,  127,  157,  164,  169 

of  Stenson,  134,  135,  162 

stylomastoid,  118,  120,  165,  167 

supraorbital,  104,  148,  1224 

supratrochlear,  194 

thyroid,  214,  219 

transversarium,  77 

vertebral,  75,  76,  80,  82 

vertebrarterial,  77,  78,  79,  80,  94 

of  Vesalius,  125,  157,  170 

ofWinslow,  1049,  1097,  1102,  1107,  1116, 
1272 
Foramina  nervosa,  765 

papillaria,  1137 

sacral  anterior,  83,  86 
I)osterior,  84,  86 

Thebesii,  787,  788 

venarum  minimarum  coitlis,  787,  788 
Force})s  major,  571,  576 
Fore -arm,  fascia?  of,  336 

lymphati(»  of,  915 

muscles  of,  339 
Fore-arm,  superficial  veins  of,  890 

surgical  anatomy  of,  1298 
Fore-bmin,  476,  478,  542,  594 

corj)om  geniculata  of,  542.     See  aho  Corp 
ijeniculata 

epi thalamus  of,  542,  547 

hemispheres  of,  553.    See  aUo  Cfi\ibml  hei 
spheitjs 

hyi)othalamus  of,  542,  548 

thalamus  of,  542.     See  aim  Thalamus 
Fore-gut,  33,  37,  1105 
Forel,  decussation  of,  539 
Formatio  rt^ticularis,  457,  460,  490,  498,  4 

502,  528 
F'ormative  pole,  11 
Fornix  of  cerel)rum,  571 

connexion  with  hippocampus  major,  57 

development  of,  597 

lyra  of,  572 

\»i\\ars  of,  anterior,  548,  550,  572 

Yio^U'vior,  568,  572 
t jfeiVm  of,  57? 
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Fornix  of  conjunctiva,  739 
pharyngia,  1033 
of  vagina,  1193,  1283 
Fossa  or  FoessB,  acetabuli,  219 
anterior  palatine,  134,  162 
antihelix,  744 
canine,  131,  1237 
cloacal,  44,  1200,  1203,  1206 
condylic,  111,  166 
coronoid,  193 
cranial,  167 

anterior,  167,  171,  176 

middle,  169,  171 

posterior,  170 
digastric,  144 
digital',  of  femur,  225 

of  testis,  1160 
ductus  venoei,  1112,  1114 
duodenal,  inferior,  1068,  1069 

superior,  1068,  1069 
duodeno-jejunal,  1069,  1272 
epigastric,  1155 
floccular,  119,  122 
glandulse  lachrymalis,  105,  149 
glenoid,  114,  116,  122,  156,  186,  276 
of  helix,  744 
hypotrochanterica,  229 
ileo-c8Bcal,  1081 
ileo-colic,  1082 
iliac,  217,  220 
incisor,  131,  144 
incudis,  749 
infraspinous,  187,  189 
infratemporal,  156 
inguinal,  external,  1098 

internal,  1098,  1101 

middle,  1098 
intercondyloidea,  227 

tibiae,  232 
intersigmoid,  1086,  1274 
ischio-rectal,  1281 
jugular,  118^  122,  165,  1233 
of  Landzert,  1069 
for  ligamentum  teres,  224,  229 
mastoid,  1233 
myrtiform,  131 
nasal    See  Nasal  fossa 
navicularis,  1180,  1198,  1283 
obturator,  1143 
olecranon,  193 
orbital,  148 
ovalis,  787,  788,  930 
ovarica,  1182 
paraduodenal,  1068,  1069 
pararectal,  1090,  1101 
paravesical,  1101,  1155 
patellaris,  735 
pituitary,  122,  171,  181 
pterygoid,  126,  163 
pterygo-palatine,  158 
radialis,  193 
retro-caecal,  1081 
retro-colic,  1081 
rhomboidalis,  482,  487 
of  Rosenmuller,  754,  1033,  1034,  1246 
scaphoid,  126,  163 
spheno-maxillary,  158 
subarcuata,  119 
submaxillary,  144,  1012 
subscapular,  189 
supraspinous,  187,  188 
supratonsillar,  1034,  1035,  1036,  1038 


Fossa  or  Fossae  of  Sylvius,  556,  596 

temporal,  107,  154 

triangularis  of  pinna,  744 

for  vena  cava  inferior,  1111,  1115 

venae  umbilicalis,  1114 

vesicae  felleae,  1115 

zygomatic,  154,  164 
Fossula  fenestrae  cochleae,  1 18,  752 
vestibuli,  752 

inferior,  of  internal  auditory  meatus,  7i 

superior,  of  internal  auditory  meatus,  7 
Fountain  decussation,  539 
Fourchette,  1196 
Fourth  ventricle.     See  Ventricle 
Fovea  centralis  retinae,  731,  734 

inferior  of  fourth  ventricle,  488,  527 

pterygoidea,  145 

superior  of  fourth  ventricle,  488,  527 

trochlearis,  105,  149 
Foveolae  gastricae,  1159 
Frenula  valvulae  coli,  1077 
Frenulum  epiglottidis,  1002 

of  Qiacomini,  569 

of  lips,  995 

praeputii  clitoridis,  1196,  1197 
penis,  1171 

veli,  531,  542 
Frenum  linguae,  997,  1005,  1244 
Fretum  Halleri,  829 
Frontal  artery.     See  Artery 

bone,  103,  148,  149,  152,  169,  173 
architecture  of,  106 
ossification  of,  106 
sexual  differences  in,  104 
variations  in,  106 

eminences,  103,  177,  1224 

gyri.    See  Gyrus 

lobe,  560 

nerve,  679 

plane,  5 

region,  148 

sinus,    105,    107,    129,    149,    174,    175, 
1235 

suture,  148 

vein,  879 
Fronto-marginal  sulcus,  560 
Fronto-nasai  process,  38 
Fronto-pontine  tract^  540,  583,  591 
Froriep,  ganglion  of,  700,  701 
Fundiform  ligament,  377    . 
Fundus  of  caecum,  1076 

of  stomach,  1051,  1052,  1065,  1271,  1290 

tympani,  749 

uteri,  1187,  1284 

vesicae,  1145 
Fungiform  papillae,  1003,  1004 
Funicular  process,  1266 
Funiculus  anterior  of  cord,  456 

cuneatus,  455,  466,  473,  484,  489,  491,  49 

gacUis,  455,  466,  473,  484,  489,  491,  492 
teralis  of  cord,  455 

posterior  of  cord,  456 

of  Rolando,  486,  491 

separans,  488 
Furcula,  35,  38,  1013 
Furrow,  bicipital,  1296 

nuchal,  1253 

spinal,  1284 

sternal,  1253 

ulnar,  198 

Galen,  veins  of,  604,  882 
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Gall-bladder,  1108,  1118,  1265,  1270 
development  of,  1123 
duct  of,  1119 
structure  of,  1119 
variations  in,  1119 
Qangliated  cord  of  sympathetia     See  Cord 
Ganglion  or  Ganglia,  aortico-renal,  710,  712 
basal,  of  brain,  679 
of  cardiac  plexuses,  793 
cervical,  inferior,  706,  708,  1256,  1289 

middle,  706,  708 

plexuses  of,  712 

superior,  706 

of  uterus,  1192 
ciliary,  680,  701 

development  of,  699 

long  root  of,  680,  681 

short  root  of,  677,  681 

sympathetic  root  of,  681,  708 
coccygeal,  704,  711 
cochlear,  development  of,  699 
cceliac,  713 
of  Corti,  761,  768 
of  cranial  nerves,  443 
diaphragmatic,  622,  713 
of  Froriep,  700,  701 
Gasserian,  624,  679,  699,  701,  702,  707 

geniculate,  524,  686,  699,  701,  702 
abenulae,  547 
impar,  704,  711 
interpedunculare,  639,  548 
jugular,  of  ninth  nerve,  689,  700 

of  vagus,  690,  692 
lenticular,  680 
lumbar,  710 
of  Meckel,  682,  699 
mesenteric,  8Uj)erior,  713 
nodosum,  690,  692 
olfactory,  698,  703 
otic,  685,  707 

development  of,  699 
petrous,  689,  700,  701 
of  root  of  vagus,  690,  692,  701 
sacral,  711 
of  Scarpa,  768 
semilunar,  710,  712 

of  fifth  nerve,  679 
spheno-palatine,  682 

development  of,  699 
spinal,  443,  608 

accessory,  608 

cells  of,  608 

development  of,  661 
spirale  cochleae,  689,  761,  768 
splanchnic,  great,  710 
submaxillary,  685,  687,  707 
sympathetic,  443,  704 

cells  of,  704 

collateral,  704,  715 

development  of,  715 

gray  rami  of     See  Rami  communicantea 

terminal,  704,  715 
thoracic,  709 

central  branches  of,  710 

first,  706 

peripheral  branches  of,  709,  710 

plexuses  of,  712 
of  trunk  of  vagus,  690,  692,  700,  701 
vestibular,  689,  699,  700 
of  Wrisberg,  693 
Ganglionic  Jajer  of  retina,  732 
Gasflerian  artcjiy,  811,  815 


I   Gasserian  artery,  depression,  170 

ganglion,  624,  679,  699,  701,  702,  707 
Gastric  artery.     See  Artery 
'       impression  of  liver,  1113 

lymphatic  glands,  918 
;       veins,  904,  1060 

I  Gastrocnemius  muscle,  381,  389,  1309,  1310 
.  Gastro-colic  omentum,  1049,  1104 
'  Gastro-duodenal  artery,  845 
Gastro-epiploic  artery,  845,  1060 

veins,  903,  904,  1060 
Gastro-hepatic  omentum,  1050,  1116,  1107 
Gastro-phrenic  ligament,  1057,  1099 
Gastro-splenic  omentum,  1060,1057, 1099,1104, 

1108,  1212 
Gelatinous  marrow,  72 
Gemellus  inferior  muscle,  372,  375,  376 

superior  muscle,  372,  375,  376 
Genial  spines,  144 
Geniculate  bodiea     See  Corpora  geniculata 

ganglion,  524,  686,  699,  701,  702 
Genio-hyo-glo88Us  muscle,  414,  415,  416,  1244 
Gknio-hyoiu  muscle,  414,  415,  416 
Genital  cord,  1204 

eminence,  46,  66,  1200,  1206 

fold,  45,  1206 

organs,  external,  1159,  1182,  1195,  1206 

ridge,  1204 
'  Genito-crural  nerve.     See  Nerve 
Gennari,  stria  of,  686 
Genu  of  corpus  callosum,  671 

of  facial  nerve,  686 

of  fissure  of  Rolando,  668 

of  internal  capsule,  683 
G«rm  cells,  enamel,  1026 

tooth,  1027 
Germinal  cells,  12,  13, 16,  22,  447,  471,  661 

epithelium,  1184,  1204 

layers,  8,  19 

spot,  10,  11 

vesicle,  11 
Giacomini,  frenulum  of,  569 
Gianuzzi,  crescents  of,  1008 
Gimbemat,  ligament  of,  430 
Gingivae,  998 
Ginglymus,  257 

Girald^s,  organ  of,  1160,  1199,  1205 
Girdle,  pectoral,  189,  264 

pelvic,  214,  254 
Glabella,  104,  148,  171,  178,  1223,  1237 
Gladiolus,  94 
Glands,  1007 

acini  of,  1008 

acino- tubular,  1007 

acinous,  1007 

agminated,  1062,  1064 

alveolar,  1007 

alveoli  of,  1008 

of  Bartholin,  1182,  1198,  1206,  1283 

basement  membrane  of,  1008 

of  Bowman,  722 

of  Brunner,  1061,  1070 

buccal,  1997 

bulbo-urethral,  1176 

carotid,  1220 

ceruminous,  748,  778 

cervical,  of  uterus,  1191 

ciliary,  778 

coccygeal,  1220 

compound,  1007 

of  Cowper,  1159,  1176,  1179,  1206,  1278 

digestive,  993 
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Glands,  ductless,  1007,  1210 

duodenal,  1070 

of  Ebner,  771 

Haversian,  295 

intestinal,  1062 

labial,  996,  997 

lachrymal,  740,  1238 

of  Liel)erkulin,  1062,  1073,  1075,  1093 

lingual,  anterior,  1006 

of  Littr^,  1180 

lymphatic.     See  Lymphatic  glands 

mammary.     See  Mammary  gland 

Meibomian,  739,  1238 

molar,  997 

of  Moll,  739,  778 

of  Montgomery,  1207 

mucous,  1008 

olfactory,  722 

palatine,  998,  999 

parathyroid,  1218 

parotid.     See  Parotid  gland 

pra3putial,  1171 

prostatic,  1175,  1179 

racemose,  1007 

salivary,  994,  995,  1008,  1009,  1013 

sebaceous,  777,  779 

serous,  1()08 

simple,  1007 

solid,  1007 

solitary,  1062,  1063,  1075 

structure  of,  1008 

sublingual,  1012,  1013,  1244 

submaxillary.     See  Submaxillary  gland 

sudoriparous,  778,  779 

suprarenal,  1212,  1286,  1290 

tarsal,  739 

thymus,  1218 

thyroid,  1216 

of  tongue,  1006 

tubular,  1007 

ui-ethral,  1177,  1180 

uterine,  53,  1191 

of  vestibule,  1197 
Glans  clitoridis,  1197 

j)enis,  1170,  1206 
Glaserian  fissure,  114,  121,  750 
Gleno-humeral  ligament,  277 
Glenoid  cavity  of  scapula,  186,  276 

fossa  of  temporal  bone,  114, 116, 122, 155, 1237 

ligament,  276 
Glisson,  ciipsule  of,  1115,  1120,  1121 
Globe  of  eye,  723,  724 
Globular  process,  39,  68 
Globus  pallidus,  580,  581 
Glomerulus,  olfactory,  587 

renal,  1140 

of  sweat  glands,  778 

Wolffian,  1201 
Glosso-cT)iglottidean  folds,  963,  1002 
Glosso-pliaryngeal  nerve.     See  Nerve 
Glosso-pharyngeus  muscle,  417 
Glottis  respiratoria,  966,  971 

spuria,  966 

vera,  966,  971 

vooalis,  966 
Gluteal  artery.     See  Artery 

cleft,  1290,  1302 

fold,  1302 

line,  215 

surface,  215 

veins,  895 
Gluteus  maximus  muscle,  368, 375, 376, 399, 1 302 


Gluteus  medrus  muscle,  370,  375,  37( 

minimus  muscle,  370,  375,  376,  39i 
Gnathic  index,  180 
Golpi,  ceUs  of,  464,  586 
Goll,  column  of.     See  Spinal  corcl 
Gonion,  179 

Gowers,  tract  of,  468,  469,  473,  484,  4 
Graafian  follicles,  1184,  1204 
Gracile  funiculus.     See  Funiculus 

lobule,  508 

nucleus.     See  Nucleus 
Gracilis  muscle,  365,  375,  376 
Granule  cells,  514 

layers  of  retina,  732,  733 
Gray  matter,  central,  of  mid-brain,  55 
of  cerebellum,  509,  512 
of  cerebral  cortex,  554,  684 
cerebro-spinal,  443 
of  cord,  456,  460 

development  of,  473 
of  medulla,  489,  498 
of  optic  thalamus,  644 
Groin,  1305 

fascia3  of,  356 
Groove,  antero-lateral,  of  medulla,  48: 

antero-median,  of  cord,  482 

auriculo- ventricular,  783,  785,  1262 

bicipital,  ISK),  191,  1293 

carotid,  123,  169 

digastric,  117,  166 

for  Eustachian  tube,  124,  164,  165 

for  inferior  petrosal  sinus,  112,  117, 

lachrymal,  132,  133,,138,  151 

for  lateral  sinus,  108,  110,  112,  117, 
171 

medullary,  21 

for  meningeal  arteries,   115,    105, 
167,  169,  170,  171,  172 

musculo-spiral,  192 

mylo-hyoid,  145,  146 

naso-phar}aigeal,  1034 

neural,  20,  21,  66 
.    obturator,  218,  219,  220 

for  occipital  sinus,  171 

CBsophageal,  1112 

olfactory,  129,  130,  169 

optic,  123 

for  petrosal  sinus,  117,  171 

for  petro-squamosal  sinus,  120 

popliteal,  228 

posterolateral,  of  medulla,  482 

primitive,  20,  66 

pterygo-i>alatine,  126,  143 

sacral,  84 

subclavian,  100 

for  subclavius,  185 

subcostal,  99,  100 

for  superficial  petrosal  nerve,  1 19 

for  superficial  petrosal  sinus,  117 

for  superior  longitudinal  sinus,  105, 
167 

vertebral,  87,  102 
Gubemaculum  dentis,  1028 

testis,  1168 
Gudden,  commissure  of,  532,  652,  676 
GuUet,  1038 
Gums,  995,  998 
Gustatory  cells,  771 

hair,  771 

pore,  771 
Gyrus  or  Gyri,  554 

angular,  563,  564,  1226 
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Gyrus  or  Gyri,  annectant,  deep,  658,  563,  564, 

565,  566 
callosal,  568 
central  anterior,  560 

posterior,  564 
cuneate,  566,  565 
cuneo-lingual,  anterior,  566 

posterior,  566 
dentatus,  568 
development  of,  596 
fomicatus,  568 
frontal  ascending,  560,  1225 

inferior,  560,  561,  1225 

middle,  560,  561,  1225 

superior,  560 
hippocampal,  568,  584 
lingualis,  566 
marginalis,  561 
occipito-temporal,  566,  567 
orbitalis  anterior,  562 

intemus,  562 

posterior,  562 
l>arietal,  ascending,  563,  564,  1225 

inferior,  563,  564 

superior,  563,  564 
postcentralis,  563 
IX)sti>arietali8,  563,  564 
rectus,  562 

subcallosus,  571,  573,  597 
supracallosus,  569,  571,  573 
Bupramarginal,  563,  564,  1224 
t^juiporal,  567 

transverse,  567 


Habenida,  commissure  of,  548 

ganglion  of,  547 

perwrata,  765 
Hiemorrhoidal  arteries.     See  Artery 

plexus,  714 
venous,  1096 

veins.     See  Veins 
Hair,  776 

develoi)ment  of,  779 

of  fcDtus,  68 

erector  muscles  of,  778 

follicle  of,  776 

pa])illa  of,  777 
Hair-cells,  auditory,  763,  764,  766,  767 
Hair-follicles,  776 
Hairs,  gustatory,  771 

olfactor>',  723 
Hamstring  muscles,  372,  1303 
Hamular  process,  126,  138,  163 
Hamulus  of  cochlea,  761 

lachrymal  is,  138 

lamina)  spiralis,  761 

pterygoicfeus,  126,  163,  1246 

of  unciform  bone,  208 
Hand,  arterial  arches  of,  835 

articulations  of,  284 

bones  of,  203 

fasciae  of,  336 

movements  of,  289 

muscles  of,  336,  345 

Hui^ical  anatomv  of,  1298 
Hard  palate,  152,  ^160,  162,  177,  180 
Hare-lip,  1240 
Hasner,  valve  of,  741 
Hassall,  concentric  corpuscles  of,  1220 
Haunch-bone,  214 
Haustra  of  colon,  1075 


Havei-sian  canals,  71 
gland,  295 
systems,  71 
Head,  arteries  of,  801,  950 
l)ones  of,  103 
fasciae  of,  399 
lymphatics  of,  909 
mesodermal  somites  of,  31,  32 
movements  of,  398,  416 
muscles  of,  401,  442 
nerves  of,  700 

segmental  chai-acters  of,  183,  701 
surgical  anatomy  of,  1222 
veins  of,  875 
Head -cap,  15 

Head-fold  of  embryo,  27,  33 
Heart,  780,  783 
abnormalities  of,  946 
annulus  ovalis  of,  787 
aortic  cusp  of,  791 

orifice  of,  789,  791,  1262 

vestibule  of,  791 
a])ex  of,  785,  789,  946 
arteries  of.     See  Arteries,  coronary 
auricles  of,  783,  786,  788,  792,  930,  1262 
auricidar  appendices  of,  786,  788,  929 
auriculo- ventricular  aj)ertures  of,  783,  78*3 
788,  789 

groove  of,  783,  785,  1262 
Iwise  of,  784 
cai)acity  of,  793 

central  tibro-cartilage  of,  789,  792 
chaml^ers  of,  786 
chordae  tendineae  of,  790,  791 
columnaj  cameae  of,  790,  791 
conus  arteriosus  of,  789 
coronary   sinus   of,  784,  787,  931,  871,  94{ 

954 
corpora  Arantii  of,  790 
crista  terminalis  of,  787 
development  of,  62,  66,  925,  928 
endocardium  of,  787,  788,  790,  791,  792 
ei)icardium  of,  791,  792 
EiL^tachian  valve  of,  788,  932 
fibrous  rings  of,  790,  791,  792 
foramen  ovale  of,  787,  788,  930,  947 
foramina  TheWsii  of,  787,  788 
fossa  ovalis  of,  787,  930 
infundibidum  of,  789 
interauricular  septum  of,  786, 787, 788,930,94 

sulcus  of,  784 
interventricular  septiun  of,  789,  791,  929,  94 

sulcim  of,  784,  786 
lunuhe  of  valves  of,  790 
lymphatics  of,  793 
n^iargins  of,  786,  1262 
mitral  orifice  of,  788,  790,  1262,  1290 

valve,  790 
moderator  band  of,  790 
miLsculi  papillares  of,  790,  791,  792 

jKJCtinati  of,  737,  788 
myocardium  of,  791 
nerves  of,  793 
orifices  of  pulmonary  veins  in,  784,  788 

of  venje  cavae  in,  <87 
pars  membranacea  8i»])ti  of,  791,  947 
primitive,  928 
pulmonary  or\^w  of,  789,  7iK),  1262 

valve  of,  'I^H),  9^2 

Purkinj^V  ^^>i^  ^>^>  *<^^ 

rehit  umoV  tA>via\\oU\\oTax,7B5>7B6,789,12( 

seiu  ikvi\^^'  va\v^  o^  m,  79\,  932 
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Heart,  shape  of,  783 

size  of,  792 

structure  of,  791 

sulcus  terminalis  of,  787,  932 

surface  and  surgical  anatomy  of,  1262 

Thebesian  valve  of,  787,  788,  932 

transposition  of,  946 

tricuspid  orifice  of,  787,  789,  1262,  1290 
valve  of,  789 

trigona  fibrosa  of,  789 

tubercle  of  Lower  of,  788 

veins  of,  787,  788,  793,  871,  946 

venous  valves  of,  931 

ventricles  of,  783,  788,  789,  790,  792 

weight  of,  793 
Helicine  arteries,  1173 
Helicotrema,  761 
Helix,  744 

development  of,  43 

fossa  of,  744 

muscles  of,  746 

spine  of,  745 

teU  of,  745 
Helmholtz,  ligamenta  mallei  of,  757 
Hemispheres,  cerebellar,  506 

cerebral,  553.    See  also  Cerebral  hemispheres 
Hemispheria  bulbi  urethras,  1172 
Henle,  elastic  membrane  of,  782 

layer  of,  777 

loop  of,  1139 
Hensen,  cells  of,  767 

ductus  reuniens  of,  763,  770 

stripe  of,  767 
Hepatic  artery.     See  Artery 

cells,  1122 

cylinders,  1123 

duct,  1118,  1123 

flexure  of  colon,  1074,  1082,  1274,  1288,  1290 

lymphatic  glands,  918 

plexus,  713 

veins.     See  Veins 
Hepato-duodenal  ligament,  1116 
Hepa to-gastric  ligament,  1116 
Hepato-renal  ligament,  1099 
Hernia,  359,  430,  434,  1265,  1266 
Hesselbach,  triangle  of,  434,  1266 
Heterodont  dentition,  1029 
Hiatus  canalis  facialis,  119 
Hiatus  Fallopii,  119,  122,  169 

interosseous,  283 

sacralis,  84 

semilunaris,  721,  1239 
Highmore,  antrum  of,  134,  152,  173,  174,  721, 

1021,  1240 
Highmori,  corpus,  1161 
Hilum  of  kidney,  1130,  1290,  1274 

of  lung,  986 

of  lymphatic  glands,  905 

of  olivary  nucleus,  495,  510 

of  ovary,  1182 

of  spleen,  1211 

of  suprarenal  capside,  1214 
Hind-brain,  476,  481 
Hind-gut,  33,  34,  45,  1105 
Hip,  surgical  anatomy  of,  1302 
Hip-bone,  214 
Hip-joint,  293 

movements  at,  296,  375 

nerves  to,  644,  646,  647,  649,  652 

surgical  anatomy  of,  1306 

synovial  membrane  of,  295 
Hippocampal  fissure,  554,  568 


Hippocampal  gyrus,  563 
Hippocampus  major,  676 

connexion  with  fornix,  572 

with  thalamus,  673 
fimbria  of,  568,  572,  577 
olfactory  bundle  of,  572 
pes  of,  577 
Histology,  4 

Homodont  dentition,  1029 
Homology,  2 

of  limb-bones,  253 

serial,  3 

of  vertebrae,  94 
Homoplasy,  3 
Homer,  muscle  of,  741 
Horse-shoe  kidney,  1140 
Hour-glass  stomach,  1058 
Houston,  valves  of,  1093 
Huguier,  canal  of,  114,  750 
Humeral  artery,  829 
Humerus,  190,  1292 

architecture  ofi  194 

connexions  of^  194 

homology  of,  253 

lower  epiphysis  of,  195,  1297 

ossification  of,  194 

surgical  neck  of,  191,  1296,  1296 

upper  epiphysis  of,  194,  1293 

variations  in,  194 
Humour,  aqueous,  725,  737 
Huschke,  foramen  of,  748 
Huxley,  layer  of,  777 
Hyaloid  artery,  736,  742 

canal,  736,  742 

membrane,  735 
Hyaloplasm,  8 
Hydatid  of  Morgagni,  1187,  1199 

of  testis,  1160,  1205 
Hymen,  1193,  1196,  1205 
Hyo-epiglottidean  ligament,  964 
Hyo-glossal  membrane,  1005 
Hyo-glossus  muscle,  414,  415,  416 
Hyoid  arch,  36,  37,  43,  442,  702 

artery,  805 

bar,  37,  148 

bone,  147,  1218 
.connexions  of,  147 
comua  of,  147,  1250 
development  of,  37 
movements  of,  415,  419 
ossification  of,  148 
Hyparterial  bronchus,  976,  990 
Hypochondrium,  1047,  1267 
Hypochordal  spange,  94 

bow,  90 
Hypogastric  artery,  848,  851,  942 
obliterated,  848,  851,  1098 

nerves,  642,  712,  714 

plexus,  712,  714 

re^on,  1267 

vein,  895 

zone,  1047 
Hypogastrium,  1047 
Hypoglossal  nerve.     See  Nerve 
Hypophysis  cerebri,  549 
Hypospadias,  1203 
Hypothalamus,  642,  596 
Hypsicephalic  skulls,  179 

Idiosome,  13,  14 
Ileal  artery,  847 
Ileo-caecal  artery,  847,  1081 
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Ileo-csecal  fold,  1081,  1082 

fossa,  1081 
glands,  920 

orifice,  1076,  1078 

valve,  993,  1077,  1290,  1273 
frenula  of,  1077 
structure  of,  1078 

vein,  903 
Ileo-colic  artery,  847 

fossa,  1081,  1082 

veins,  903 
Ileum,  993,  1066,  1071.     See  also  Intestine 

diverticulum  of,  1073 

structure  of,  1073 

vessels  and  nerves  of,  1073 
Iliac  arteriea     See  Artery 

colon,  1074,  1086,  1274 

crest,  214,  1290,  1302 
>  fascia,  1044 

fossa,  217,  220 

lymphatic  glands,  920,  921 

portion  of  fascia  lata,  366 

re^on,  1047,  1267 

spine,  anterior  inferior,  214 

superior,  214,  223,  1302,  1306 
posterior  inferior,  216,  223 
superior,  214,  223,  1302 

veins.     See  Veins 
Iliacus  muscle,  362,  363,  376,  376,  399 

minor,  363 
Ilio-capsularis  muscle,  363 
Ilio-coccygeus  muscle,  441 
Ilio-costalis  muscle,  393 
Ilio-femoral  li^ment,  296, 296 
Ilio-hypogastric  nerve,  642 
Ilio-inguinal  nerve,  642 
Ilio-lumbar  artery,  860,  963 

ligament,  291 
inferior,  291 

vein,  896 
Ilio-pectineal  eminence,  217 

line,  217,  224 
Ilio-psoas  muscle,  362,  376,  1307 
Ilio-sacralis  muscle,  441 
Ilio-sciatic  notch,  216 
Ilio-tibial  band,  367,  360,  368,  369,  1308 
Ilio-trochanteric  ligament,  296 
Ilium,  214,  254 

crest  of,  214,  223,  1290,  1302 

spines  of,  214,  223,  1302, 1305 
Incisive  artery,  812 

bundle,  403 

centre,  135 

fossa,  131 

pad  of  palate,  998,  1000 
Incisor  crest,  134 

foramen,  134, 162 

fossa,  144 

nerve,  686 

teeth,  1015,  1017,  1022 
Incisura  acetabuli,  217,  219 

cardiaca,  988 

cerebelli  anterior,  606 
posterior,  506 

etnmoidalis,  104 

intertra^ca,  744 

parietalis,  116 

temporalis,  560,  668,  684 

tentorii,  531,  599 

terminalis  auris,  746 

thyroidea,  958 
Incremental  lines  in  dentine,  1024 


Incudo-malleolar  joint,  766 
Incudo-stapedial  joint,  766 
Incus,  756 

articulations  of,  757 

development  of,  757 

ligaments  of,  767 

movements  of,  768 

processus  lenticularis  of,  756 
Index,  alveolar,  180 

auricular,  744 

cephalic,  178 

dental,  181 

facial,  superior,  179 
total,  179 

gnathic,  180 

nasal,  180,  717 

orbital,  180 

palato-maxillarv,  180 

vertical,  of  skull,  179 
Infra -axillary  region,  1263 
Infraclavicular  lymphatic  glands,  914 

region,  1253 
Infracostal  angle,  1266 

muscles,  422,  426 

plane,  1265,  1267 
Infraglenoid  impression,  186 
Infrahyoid  muscles,  411,  415,  426 
Inframammarv  region,  1253 
InframandibuLar  nerve,  688 
Infraorbital  artery,  812 

canal,  131,  132,  134,  151,  176 

foramen,  131,  151,  1273 

margin,  131 

nerve,  682 

plexus,  682,  688 

vein,  880 
Infrapatellar  bursa,  299 

fat-pad,  302 
Infrascapular  artery,  829 
Infraspinatus  muscle,  329,  331 
Infraspinous  fossa,  187,  189 
Infrastemal  depression,  96 

notch,  1255,  1266 

region,  1253 
Infratemporal  crest,  126,  155,  157 

fossa,  166 
Infundibuliform  fescia,  427,  433,  1169 
Infundibulo-pelvic  ligament,  1284 
Infundibulum  of  brain,  475,  548,  551,  595 

ethmoidale,  129,  151,  173,  174,  175 

of  Fallopian  tube,  1186 

of  heart,  789 

of  nose,  721 

of  pulmonary  lobules,  991,  992 

renal,  1141 
luminal  canal,  432,  1162,  1265 

lossa,  external,  1098 
internal,  1098,  1101 
middle,  1098 

glands,  916 

hernia,  430,  434,  1266,  1266 

region,  1047 
Inion,  154,  172,  178,  1223 
Inner  cell-mass,  18,  60 

Innominate  artery,  800,  801,  933,  942,  948,  960, 
1249,  1264 

bone,  214 
architecture  of,  220 
connexions  of,  219 
homolopr  of,  254 
ossification  of,  220 
variations  in,  220 
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Ischial  spine,  217,  222,  1303 

tulxirosity,  217,  223,  1302 
Iscliio-bulbcsiw  iuuj*cle,  436 
Ischio-capsular  li^'aiiient,  295 
Iscliio-cavenioiis  muscle,  436 
Ischio-ccR'cvgeus  muscle,  441 
Iscbio-pubicus  muscle,  437 
Iscbio-rectal  fossa,  1281 
Ischium,  214,  217,  221,  254 

spine  of,  217,  222,  1303 

tuljerosity  of,  217,  223,  1302 
Isthmus  of  auditory  meatus,  747 

of  brain,  476 

of  callosal  gyrus,  568 

cartilaginis  auris,  745 

of  Eustiichian  tuW,  753 

of  Fallopian  iii\)c,  1186 

of  fauces,  993,  995,  998,  1000,  1244,  1289 

of  limbic  lobe,  568 

pbaryngo-nasal,  932,  934 

of  j)barynx,  998 

rhombencejibali,  476 

of  thyroid  gland,  1216,  1249 
Iter  chordae  anterius,  687,  750 
I)osterius,  687 

Jaco})son,  nerve  of,  689 

organ  uf,  41,  720 
Jaw,  alveoli  of,  133,  144,  1016,  1027,  1028 
lower,  143,  152 

angle  of,  144,  1237 

])ody  of,  143,  1237 

condyle  of,  145,  1237 

coronoid  process  of,  145,  1237 

movements  of,  410 

ramus  of,  143,  144,  1237 
ui)|K^r,  131 
Jejunum,  993,  1065,  1071.     See  also  Intestine 
structui-e  of,  1073 
vessels  and  nerves  of,  1073 
Joints,  255 

acromio-clavicular,  274,  275,  1292 
amj)]iiarthrodial,  256,  257,  260 
ankle,  306,  1310 
ai'tbro<lial,  257 
astragalo-scajjlioid,  309^  1312 
atlo-axial,  265,  267,  398 
of  auditory  ossicle^**,  756 
ball-and-socket,  257,  259  * 
biaxial,  257 

calcaneo-astragaloid,  308,  1311 
calcaneo-culx)id,  311,  1311 
cai>sule  of,  258 
carpal,  284,  289 
carjK)-metacarj)al,  287 
classitication  of,  255 
of  clavicle,  273 
condyloid,  257 
costo-central,  269 
costo-cbondml,  271,  1255 
costo-stemal,  271 
costo-transvei-se,  270 
costo-vertebral,  269 
crioo-arytenoid,  962 
crico-tliyroid,  961 
rulxvcuneiform,  312 
rlevelopnient  of,  259 
cliartlirwlial,  256,  257,  260 
ellx>w,  279 
eiiarti]r(K/ial,  257 
of  foot,  30C) 

n«^rve.s  of,  651,  653,  654,  655 


Joints,  hinge,  257  ^ 

hip,  293 

bumero-ulnar,  279 

immovable,  255,  260 

incudo-malleolar,  756 

incudo-staixxiial,  756 

intercentral,  261 

intercbondral,  271 

intercoccygeal,  264 

intercuneiform,  312 

intermetacarpal,  287,  289 

intermetatarsal,  314 

intenieural,  261,  263 

interj)halangi»al,  of  foot,  314,  315,  390 
of  hand,  288,  1289,  1300 

interpubic,  292,  293 

intertarsal,  308,  312 

knee,  297 

of  larynx,  961 

of  lower  extremity,  293 

hmd)o-sacral,  289 

metacarpo-phalangeal,  288,  289,  1299 

metatar8O-pbalangeal,314,315,390, 131 1, 1312 

movable,  256,  260 

movements  at,  259 

multiaxial,  257,  259 

occipito-atloid,  266,  398 

of  })elvis,  289,  293 

pisi -cuneiform,  286 

radio-carpal,  283,  1298 

ra<lio-humeral,  279,  1297 

radio-ulnar,  inferior,  282 
superior,  281 

rotatory,  267 

sacro-coccyge^l,  264 

sacro-iliac,  290,  293,  1302 

8cai)bo-cuboid,  31 1 

scapho-cuneiform,  312 

scapulo-clavicular,  274 

shoulder,  276 

of  spine  with  cranium,  266 

sternal,  272 

stemo-clavicular,  273,  275,  326 

stnictures  forming,  257 

8}Tiarthrodial,  255,  257 

talo-ca)caneal,  308 

talo-calcaneo-navicular,  309,  315 

talo-scaphoid,  309,  315,  1312 

tai-sal,  308,  315 

tarso-metatarsal,  313,  315,  1311 

temporo-mandibular,  267 

temj>oro-maxillarv,  267,  1230 

of  tliorax,  269 

tibio-filmlar,  inferior,  304 
superior,  304,  389 

transverse  carpal,  285 

transverse  tarsal,  311,  315 

uniaxial,  257 

of  upjK^r  extremity,  273 

of  vertebral  column,  261 

wrist,  movements  at,  354 

xiphistenial,  272,  1255,  1290,  1267 
Jugal  point,  179 
Jugular  foramen,  118,  165,  170,  172 

fosrtfi,  118,  120,  122,  165,  1233 


i)liatic  trunk,  1K)8 


muiglioiL     See  (vanglion 

lympbatic  tru 

notch,  112 

1  process,  112,  162,  166 

tuljercle,  112 

Vfins.     See  Veins 

jirimitive,  935,936,  937 
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(vpiglottidean,  964 ;  ilio-femoral,  295,  296 ; 
ilio-lumbar,  291 ;  ilio- trochanteric,  296  ;  of 
incus,  766,  757  ;  infundibulo-pelvic,  1284 ; 
interarticular,  258,  260,  264,  270,  272,  296 ; 
interchondral,  271  ;  interclavicular,  274,  275  ; 
intercuneiform,  312  ;  intermetatArsal,  314  ; 
interosseous,  286,  286,  287,  305,  309,  311, 
312,  313  ;  interepinous,  263 ;  intertransverse, 
264 ;  iscliio-capsular,  296, 297  ;  of  knee-joint, 
298 ;  lambdoid,  377 ;  of  larvnx,  961 ;  lieno- 
renal,  1099,  1108,  1212;  of  Lisfranc,  1311; 
of  liver,  1116;  lumbo-costal,  271;  lumbo- 
sacral, 289 ;  malleolar,  305  ;  of  malleus,  766 ; 
metacarpo-phalangeal,  288 ;  metatarso-phal- 
angeal,  314 ;  morphology  of,  261 ;  oblique, 
283 ;  occipito  -  atloid,  266 ;  occipito  -  axoid, 
266 ;  odontoid,  267 ;  orbicular,  282  ;  orbito- 
tarsal,  1239  ;  of  ovary,  1184, 1190 ;  palpebral, 
739,  1239 ;  of  patella,  298,  367,  362,  377, 
1307  ;  of  pelvis,  289  ;  of  peritoneum,  1050 ; 
l)hreno-colic,  1083, 1104  ;  of  pinna,  745  ;  pisi- 
metacarpal,  286,  340;  pisi-unciform,  286, 
340;  plantar,  311  ;  of  Poupart,  429,  1305; 
pteryco-spinous,  269,  401 ;  pubic,  292  ;  pubo- 
capsular,  295  ;  pubo-femoral,  295,  296  ;  pubo- 
prostatic, 439,  1156;  pyloric,  1058;  radio- 
carpal, 283 ;  radio-ulnar,  282 ;  rhomboid, 
274,  275;  round  of  liver,  903,  935,  1116; 
round  of  uterus,  1190,  1284;  sacro-coccygeal, 
264 ;  sacro-iliac,  290 ;  sacro-sciatic,  great, 
291 ;  sacro-sciatic,  small,  292 ;  scapho-cuboid, 
311 ;  scapho-cuneiform,  312  ;  of  scapula,  275  ; 
of  shoulder-joint,  276;  spheno-mandibular, 
37,  268  ;  spino-glenoid,  275  ;  spiral  of  coch- 
lea, 765 ;  of  stapes,  766 ;  stellate,  269 ;  sterno- 
clavicular, 273,  275  ;  stemo-pericardial,  793 ; 
stylo-hyoid,  37,  269 ;  stylo-mandibular,  269, 
401,  1010 ;  subpubic,  292 ;  suprascapular, 
275 ;  supraspinous,  264 ;  suspensory,  of 
clitoris,  1197  ;  suspensory,  of  lens,  736  ;  sus- 
pensory, of  ovary,  1183 ;  suspensory,  of 
penis,  1172  ;  talo-calcaneal,  309 ;  talo-fibular, 
307  ;  talo-tibial,  307  ;  tarsal,  of  eyelids,  739, 
741 ;  tarso-metatarsal,  313  ;  temporo-mandi- 
bular,  267,  268  ;  thyro-arytenoid,  963 ;  thyro- 
epiglottidean,  964 ;  thyro-hyoid,  962  ;  tibio- 
fibiUar,  304,  306;  tibio-navicular,  307; 
transverse,  of  acetabulum,  294 ;  transverse^ 
of  atlas,  265,  267  ;  transverse,  humeral,  277  ; 
transverse,  of  knee,  302 ;  transverse,  meta- 
carpal, 287,  288,  338  ;  transverse,  metatarsal, 
314,  378  ;  transverse,  perineal,  293;  trapezoid, 
274, 275 ;  triangular,  of  liver,  1116;  triangular, 
of  perineum,  292,  438 ;  of  tympanic  mem- 
brane, 750;  utero-sacral,  1189;  of  uteru«, 
1101,  1189;  vaginal,  339,  378;  of  vertebral 
column  and  skull,  261 
Ligamentum  or  Ligamenta,  accessoria,  342, 343, 
384 
apicis  dentie,  267 
brevia,  342,  343,  384 
collateralia,  314 
denticulatum,  453,  602,  605 
iugale,  962 

labyrinthi  canal  iculonim,  764 
latum  pulmonis,  979,  983 
longa,  342,  343,  384 
mucofium,  302 
nuchas,  264 
patella*,  299,  362 
pectinatum  iridis,  727 
posticum  Winslowii,  299 


Ligamentum  or  Ligamenta,  spirale  cod 
subflava,  263 
teres  femoris,  295,  297 

hepatis,  1116 

uteri,  1190,  1284 
vaginale,  1167 
venosum  Arantii,  1117 
ventriculare,  963 
vocale,  963 
Ligula,  512 

Limbs,  development  of,  46,  66j  67 
dorsal  axial  line  of,  614,  672 
lower,  arteries  of,  856,  934,  943 

articulations  of,  293 

bones  of,  184,  214 

fasciae  of,  355 

lymphatics  of,  917 

movements  of,  390 

muscles,  355 

nerves  of,  cutaneous,  668,  669,  671, 
muscular,  669,  670,  671 

surgical  anatomy  of,  1302 

veins  of,  897,  938,  946,  955 
morphology  of,  253 

of  muscles  of,  441 

of  nerve-plexuses  of,  662 
nature  of,  662 

nerve-plexuses  of,  662,  672,  673,  674 
post-axial  border  of,  662,  663,  664 
pre-axial  border  of,  662,  663,  664 
segmental  relations  of,  663 
surfaces  of,  662,  663 
upper,  articulations  of,  273 

arteries  of,  821,  933,  943,  951 

bones  of,  184 

fasciae  of,  318 

lymphatics  of,  913 

muscles  of,  318 

nerves  of,  cutaneous,  665,  666,  672 
muscular,  667,  671 

surgical  anatomy  of,  1291 

veins  of,  888,  938,  946,  965 
ventral  axial  line  of,  660,  672 
Limb-girdles,  254 
Limbic  lobe,  568 
Limbus  fossae  ovalis,  787,  930 

laminae  spiralis,  765 
Limen  insiuae,  568 

nasi,  719 
Linea  or  Lineae,  alba,  428,  1265,  1267 
aspera  of  femur,  226,  227,  229 
iutercondyloidea,  227 
nuchae  inferior,  110 

mediana,  109 

superior,  109,  154,  159 

suprema,  109,  154,  159 
semilunaris,  430,  432 
sj)lendens,  605 
ti-ansversae,  465,  1232 
Line  or  Lines,  ano-cutaneous,  1095 
Line  or  lines,  Iwise,  of  Reid,  1227 
of  chest     See  Thorax 
curved,  of  ilium,  215 

of  occipital  bone,  109,  164,  169,  I6i 
dorsal  axial,  of  limbs,  614,  672 
epicondylic,  227 
ilio-pectineal,  217,  221,  224 
incremental,  1024 
intertrochanteric,  225 
intertul)ercular,  1047 
lateral,  organs  of,  701 
mammillary,  981 
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'Idne  or  Line^,  median,  5 

mid -lateral,  of  thorax,  982 

mylo-hyoid,  144,  167 

of  Nelaton,  1302 

oblique,  of  mandible,  143,  144,  167 
of  tibia,  233 

pectineal,  227 

of  pleural  reflection,  979 

popliteal,  of  tibia,  233 

post-central,  1225 

Poupart,  104 

pre-central,  1225 

of  Scbreger,  1024 

spiral,  of  femur,  225,  227 

subcostal,  1047 

Sylvian,  1225 

ventral  axial,  of  limits,  660,  672 

white,  of  anus,  1095 
of  plvis,  438,  440 
Lingual  artery.     See  Artery 

cusps  of  teeth,  1017 

duct,  1217 

glands,  1006 

gyrus,  566 

lymphatic  glands,  911 

nerve.     See  Nerve 

tonsil,  1001,  1242 

vein,  876 
Lingualis  muscle,  inferior,  415 

superior,  415 
Lingula,  124,  145 

of  cerelxiUum,  487,  506,  507 
Linin,  8,  9 
Lip,  rhombic,  527 
Lips,  996,  1240 

commissures  of,  995 

development  of,  39,  68 

frenulum  of,  995 

glands  of,  996,  997,  1240 

lymphatics  of,  997 

mucous  membrane  of,  996 

nerves  of,  997 

pbiltrum  of,  996,  1103 

structure  of,  996 

lulxjrcle  of,  996 
Liquor  folliculi,  1185 

pericardii,  794 
Lisfranc,  ligament  of,  1311 
Lis.sauer,  tract  of,  468 
Li ttrtS  glands  of,  1180 
Liver,  994,  1108 

areolar  coat  of,  1121 

arteries  of,  1120 

bile  canaliculi  of,  1118,  1122 

cAiwule  of  Glisson  of,  1115,  1120,  1121 

cardiac  depression  of,  1113 

caudate  lotje  of,  1113 

cells  of,  1122 

in  child,  1117 

colic  impression  of,  1113 

congimital  irregularities  in,  1118 

coronary  ligament  of,  1099,  1115,  1116 

development  of,  1122 

duodenal  imi)n.\ssion  of,  1114 

excretory  ducts  of,  1118,  1122,  1 123 

falciform  ligament  of,  1098,  1107,  1113,  1115, 
1116,  1124,  1270 

tissunesof,  1112,  1114 

fixation  of,  1118 

form  of,  1108,  1117 

fofiSH  of  ^all-bla<lder  of,  1115 
of  vena  (^va  of,  1111,  1115 


Liver,  ^tric  impression  of,  1113 
inferior  margin  of,  1108,  1114 
interlobular  ducts  of,  1118,  1122,  1123 
ligaments  of,  1116 
lobes  of,  1115,  1286 
lobules  of,  1117,  1121 
longitudinal  fissure  of,  1115 
lymphatics  of,  1121 
nerves  of,  1121 

notch  of  gall-bladder  of,  1114,  1115 
oesophageal  groove  of,  1112 
omental  tuberosity  of,  1113 
j)arietal  surface  of,  1108,  1110 
peritoneal  rektions  of,  1115 
physical  characters  of,  1117 
l)ons  hepatis  of,  1111,  1114 
jwrtal  canals  of,  1120 

fissure  of,  1113,  1115 
jKisition  of,  1109,  1117,  1118 
quadrate  lol)e  of,  1113,  1114 
relations  of,  1110 
renal  impression  of,  1113 
Riedel's  lobe  of,  1117 
round  ligament  of,  903,  935,  1116 
serous  coat  of,  1121 
size  of,  1110,  1117 
Spigelian  lol)e  of,  1112 
structure  of,  1121 
suprarenal  impression  of,  1111 
surgical  anatomy  of,  1270,  1286 
tulMjrculum  papillare  of,  1112 
umbilical  fissure  of,  1114 

notch  of,  1114 
uncovered  area  of,  1111 
variations  in,  1117 
visceral  surface  of,  1108,  1113 
veins  of,  1120 

wiutral  or  intralobular,  1120,  1121 

interlobular,  1120 

sublobular,  1121 
weight  of,  1110,1117 
Lobe  or  Lobes,  of  cacumen,  507 
(;audate,  of  liver,  1112,  1113 
central,  of  cerebellum,  606,  507 
cerelxjllar,  506 
cerebral,  555 
of  clivus,  507 
of  culmen,  507 
frontal,  560 
in.»*ular,  556,  567 
limbic,  568 
of  liver,  1115 
of  lung,  988,  992 
of  nodulus,  508 
occipital,  564,  1225 
olfactory,  479,  569,  588,  596 
parietal,  562 

of  pyramid  of  cerebellum,  508 
pyramidal,  of  thyroid,  1216   1217 
pyriform,  568,  584 
quadrate,  of  liver,  1114 
of  Riexhd,  1117 
Spigelian,  of  liver,  1112 
temiK)ral,  567,  588,  1225 
of  tul»er  of  cerelxillum,  508 
of  uvula  of  a^rebellum,  508 
Lobule  of  ear,  744,  745 
Lobules  of  cen^lKjllum,  506,  607,  508 

of  lung,  990 
r^iocus  cceruleus,  488,  527 
jHirforatUH  auticus,  475,  670,  580,  582 

|H)st  icus,  475,  478,  548,  560 
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Long  bones,  70,  71,  72 
Longissimus  capitis  muscle,  396 

cervicis  muscle,  394 

dorsi  muscle,  393 
Longitudinal  bundle,  posterior,  491,  494,  502, 
504,  524,  536,  637,  541,  542,  553 

sinus.     See  Sinus 
Longus  colli  muscle,  421 
Loopof  Henle,  1139 

of  subclavian, 
Lo  wen  thai,  marginal  bundle  of,  621 
Lower,  tubercle  of,  788 
Lumbar  aponeurosis,  1044 

arteries,  839,  850,  933,  940,  949 

fascia,  318,  391 

ganglia,  710 

lymphatic  glands,  922 
trunk,  908 

nerves.     See  Nerves 

plexus,  639,  641 

region,  1047,  1267,  1285 

rib,  92,  94,  100 

sympathetic,  710 

veins.     See  Veins 

vertebrae,  75,  82 
Lumbo-sacral  cord,  648 

joint,  289 

ligament,  289 

plexus.     See  Plexus 
Lumbricales  muscles  of  foot,  384,  389,  390 

of  hand,  343,  353,  354,  366 
Lung,  983 

air-cells  of,  991,  992 

alveolar  ducts  of,  991 

apex  of,  986,  1256,  1289 

azygas  lobe  of,  989 
sulcus  of,  987 

blood-vessels  of,  991 

bronchial  tubes  of,  989 

bronchioles  of,  991 

cardiac  lobe  of,  990 
notch  of,  988 

development  of,  992 

fissures  of,  988,  1268 

foetal,  985 

form  of,  986 

hilum  of,  986 

infundibula  of,  991,  992 

ligamentum  latum  of,  979,  983 

lobules  of,  990 

lower  lobe,  988 

lymphatics  of,  989 

middle  lobe  of,  989 

nerves,  989 

root  of,  989,  1260,  1290 

structure  of,  990 

sulcus  subclavius  of,  986,  987 

surgical  anatomy  of,  1255 

up})er  lo])e  of,  988 

variations,  989 
Lunula,  775,  790 
Lymph,  904 

Lymphatic  capillaries,  906 
Lymi>hatic  duct,  right,  904,  906,  909,  966 

glands,  904,  905 
of  alxiomen,  918 
ano-rectal,  1281 
ante-cubital,  913 
anterior  auricular,  910 
anterior  jugular,  911 
anterior  tibial,  916 
aortic  922 


Lymphatic  glands,  appendicular,  920 
axillary,  914,  1294 
bronchial,  924 
buccal,  910 
carotid,  1247 

cervical,  911,  912,  1251,  1262 
circumflex -iliac,  921 
cceliac,  920 
colic,  920 
common  iliac,  921 
diaphragmatic,  924 
of  digastric  triangle,  1250 
epigastric,  921 
external  iliac,  920 
facial,  910,  1173 
femoral,  916,  1306 
follicles  of,  906 
gastric,  918,  1060 
of  head  and  neck,  909,  911 
hepatic,  918 
ileo-caecal,  920 
infra-clavicular,  914 
infra-umbilical,  921 
inguinal,  916,  1306 
intercostal,  923 
internal  iliac,  921 

mammary,  924 

maxillary,  909 
intertracheo-branchial,  924 
lateral  aortic,  922 
lingual,  909 
of  lower  limb,  916 
lumbar,  922 
mandibular,  910 
mastoid,  909 
mediastinal,  924 
mesenteric,  919,  920,  1072,  1073 
mesocolic,  1076 
obturator,  921 
occipital,  909 
of  the  promontory,  921 
pancreatic,  919 
parotid,  910 
pectoral,  914,  1294 
of  pelvis,  918 
popliteal,  916,  1305 
posterior  auricular,  909 
of  posterior  triangle,  1252 
post-pharyngeal,  911,  1037,  1246 
pre-aortic,  922 
pre-auricular,  1238 
pre-larynge^l,  911 
pre-tracheal,  911,  1249 
pubic,  916 

rectal,  920,  1092,  1096 
retro-aortic,  922 
retfo-crural,  920 
retro-peritoneal,  1277 
retro-pyloric,  918 
sacral,  921 
sinuses  of,  906 
splenic,  918,  1060 
sternal,  924 
structure  of,  906 
sub-clavian,  914 
sub-clavicular,  1294 
sub-maxillary,  911 
sub-mental,  911 
sub-pyloric,  918 
sub-scapular,  914,  1294 
sub-stemomastoid,  912 
supra-clavicular,  913 


INDEX. 


1349 


Lymphatic  glands,  supra-condyloid,  1296 

supra-hyoid,  911,  1218 

supra-troclilear,  914 

8upra-umbilical,  921 

of  thorax,  923 

trabeculae  of,  906 

of  upper  limb,  913 

visceral,  of  abdomen  and  pelvis,  918 

visceral,  of  thorax,  924 

zygomatic,  909 
spaces,  904 

perivascular,  906 
trunk,  common  intestinal,  908 

common  lumbar,  908 

descending,  908 

jugular,  908 

retro-aortic,  908 

subclavian,  908 
vessels,  906 

of  abdomen,  918 

abnormalities  of,  965 

of  anus,  1281 

of  arm,  916 

of  breast,  923 

of  buttock,  917 

of  blood-vessels,  783 

of  bones,  74 

central,  of  hand,  915 

cerebral,  909 

endothelium  of,  904 

extra-cranial,  909 

of  foot,  917 

of  forearm,  915 

of  hand,  916 

of  head  and  neck,  909 

of  heart,  793 

intra-cranial,  909 

lateral  aortic,  908 

of  leg,  917 

of  lower  limb,  916 

of  lung,  989 

meningeal,  909 

of  pelvis,  918 

pre-aortic,  908 

of  scalp,  1223 

terminal,  906 

of  thigh,  917 

of  thorax,  923 

of  tongue,  1007,  1244 

tunica  externa  of,  906 
interna,  905 
media  of,  905 

of  upper  limb,  913,  915 

valves  of,  906 

visceral,  of  abdomen  and  pelvis,  918 
Liy mph -vascular  system,  780,  904 
Lyra,  572 

tfacrodont  skulls,  181,  1029 
klacula  acustica,  762,  763 
cribrosa  media,  769 

sujHirior,  769 
lutea,  731,  734 
Maier,  sinus  of,  740 

Malar    bone,    103,    135,    149,    151,    152,    160, 
1237 
architecture  of,  137 
connexions  of,  137 
oesification  of,  137 
variations  in,  137 
canal,  136 
centre,  I35 


Malar  crest,  126 
nerve,  681,  688 
process,  133 
tuberosity,  136 
Male  pronucleus,  16 
Malleolar  arteries,  866,  868 

folds  of  tympanic  membrane,  760 
Malleolus,  external,  238,  1310 

internal,  234,  1310 
Malleus,  764,  1231 
articulations  of,  766 
development  of,  757 
ligaments  of,  767 
movements  of,  768 
Malo-maxillary  suture,  149 
Malpighian  corpuscles,  1139,  1202,  1213 

layer  of  skin,  773 
Mammary  artery.     See  Artery 
gland,  1207 
alveoli  of,  1208 
ampullae  of,  1208 
areola  of,  1207 
areolar  glands  of,  1207 
development  of,  1209 
lobes  of,  1208 
lymphatics  of,  923 
nerves  of,  1209 
nipple  of,  1207,  1208 
stroma  of,  1208 
structure  of,  1207 
supernumerary,  1208 
surgical  anatomy  of,  1293 
8US]>ensory  ligaments  of,  1293 
variations  in,  1208 
vessels  of,  1209 
line,  981,  1263 
lymphatic  glands,  924 
region,  1263 
vems,  874 
Mammillary  bodies,  476,  478,  695 
line,  981,  1263 
process  of  vertebrte,  83,  92 
Mandible,  103,  143,  268 
Mandibular  arch,  36,  38,  43,  442,  701 

foramen,  144 
Man  tie -layer,  472 
Manubrium  mallei,  766,  766 

stenii,  94 
Marginal  artery  of  heart,  800 
gyrus,  661 
tract,  621 
veins  of  heart,  871 
Marrow,  71 
gelatinous,  72 
i-ed,  72 
yellow,  71 
Marrow  cells,  71 
Marshall,  oblique  vein  of,  786,  87 1 

vestigial  fold  of,  784,  795 
Martinotti,  cells  of,  686 
Masse ter  muscle,  407,  416 
Masse t*?ric  artery,  807,  812 
border  of  malar  bone,  136 
fascia,  400 
vein,  880 
Mastication,  muscles  of,  407,  410 
Mastoid  air-cells,  762,  1234 
artery,  808 
angle  of  ])iirietal,  109 
antrum,  44,  120,  122,  166,  749,  752 
aditus  of,  120,  1233 
surgical  anatomy  of,  1233 
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Mastoid  border-cells,  1234 
canaliculus,  118 
foramen,  117,  156,  171 

fossa,  1233  i 

lymphatic  glands,  909 

process,  116,  121, 122,  169, 167, 177,  752, 1234   I 
Maturation  of  ovum,  12  ' 

Maxilla  inferior,  103,  143,  152,  157,  166,  177       | 
arcliitecture  of,  145 
body  of,  143 
ossification  of,  146 
ramus  of,  143,  144,  146,  157,  166 
variations  in,  146 
superior,   103,  131,  149,  151,  152,   156,  160, 
173 
antrum  of.     See  Maxillary  sinus 
architecture  of,  134 
body  of,  131 
connexions  of,  134 
ossification  of,  135 
processes  of,  131,  133 
variations  in,  134 
Maxillary  artery.     See  Artery 
lymphatic  glands,  internal,  909 
nerves,  681,  683 
process,  36,  38,  39,  41,  67,  66 
of  malar,  139 
of  palate  bone,  142 
sinus,  131,  133,  134,  135,  151,  152,  173,  174, 
176,  177 
surgical  anatomy  of,  1240 
vein,  internal,  880,  945 
Maxillo-turbinal,  140 

Meatus,  auditory,  external,  116,  120,  122,  155, 
746,  1229 

development  of,  44 
internal,  119,  171,  172,  761 
of  nose,  atrium  of,  721 

inferior,  152,  173,  177,  721,  1293 
middle,  129,  133,  152,  173,  177,  721,  1293 
sujxjrior,  129,  173,  720 
urinarius,  1170 
Mechanism  of  foot,  315 

of  pelvis,  293 
Meckel,  band  of,  757 
cartilage  of,  36,  146 
diverticulum  of,  1073,  1105 
ganglion  of,  682,  699 
Median  art^iry,  834,  943,  952 
line,  5 

nerve,  625,  627,  1295,  1296,  1297,  1301 
veins.     See  Veins 
Median -basilic  vein,  891,  1297 
Median -cephalic  vein,  890,  955,  1297 
Mediastinal  arteries,  825,  839 
lymphatic  glands,  924 
l)leura,  977,  978 
space,  977,  982 
veins,  874 
Mediastinum  testis,  1161 
thoracis,  976 
anterior,  983 
middle,  983 
jmsterior,  983 
sui>erior,  982,  1289 
Medulla  of  lx)ne,  71 
of  kidney,  1138 
oblongata,  481 

anterior  basis-bundle  of,  483,  491,  494 
antero-lat^jral  furrow  of,  482 
antero-median  groove  of,  482 
arcuate  fibres  ot.     See  Ai-cuate  fibres 


Medulla  oblongata,  areas  of,  483,  499,  4S 
acustic,  488,  520,  527 
anterior,  483,  499 
lateral,  483,  499 
posterior,  484,  499 
association  fibres  of,  498 
calamus  scriptorius  of,  488 
central  canal  of,  498 
cerebello-olivary  fibres  of,  496 
clava  of,  484,  492 
closed  part  of,  482,  489,  525 
cuneate  tubercle  of,  485,  492 
development  of,  477,  480,  626 
direct  cerebellar  tract  of,  484,  486,  41 
fasciculus  solitarius  of,  517,  527 
fillet-fibres  of,  493,  496 
foramen  caecum  of,  482 
formatio-reticularis  of,  490,  498,  499 
fovea  inferior  of,  488,  527 
funiculus  cuneatus  of,  484,  489,  491, 
gracilis  of,  484,  489,  491,  492 
of  Rolando  of,  486,  491 
gmy  matter  of,  489,  498 
inteiH»lat«d  j)drtiou  of,  626 
internal  structure  of,  4^89 
lateral  basis-bundle  of,  484,  498 
nuclei  of,  490.     Se^  also  Nucleus,  g 
arcuate,  olivary,  cuneate,  lateralis 
olivary  eminence  of,  484,  494.     St 

Nucleus,  olivary 
open  ])art  of,  482,  487 
origin  of  nerves  from,  482,  514 
position  and  connexions  of,  476,  481 
posterior  longitudinal  bundle  in,  49] 
postero-lateral  furrow  of,  482 
lK)stero-median  fissure  of,  482 
pyramidal    tract   in,   483,  489,  490, 

528 
pyramids  of,  483,  490,  528 
raphe  of,  489,  628, 
restiforiii  body  of,  485,  489,  496 
striaj  acusticaj  of,  488,  497,  621 
tract  of  Gowers  in,  484,  498 
trigonum  acustici  of,  488 
hypoglossi  of,  488,  616,  627 
vagi  of,  488,  517,  627 
tuberculum  Rolandi  o^  486,  491 
veins  of,  883 
white  matter  of,  489 
Medullary  arteries.     See  Arteries,  nutriei 
cavity,  71 

centre,  664,  584,  588 
corona  radiata  of,  591 
myelinisation  of,  694 
folds,  21,  66 
groove,  21,  66 
lamina,  external,  543,  644,  680 

internal,  645,  580 
rays,  1138 
veluuL     See  Velum 
Megacephalic  skulls,  178 
Megadont  skulls,  181 
Me^eme  skulls,  180 
Meibomian  glands,  739,  1238 
Meissner,  corjmsdes  of,  775 

plexus  of,  1060,  1073 
Melanin,  774 

Membrana  atlanto-occipitalis,  266 
basilaris  cochleae,  761,  764,  766,  766 
substantia  propria  of,  766 
vas  spirale  of,  766 
zona  arcuata  of,  766 
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Meinbrana  basilaris  cochleu;,  zona,  pectinata  of, 
766 
liinitans  retinae  externa,  734 

i-etinse  interna,  734 
pupillaris,  730,  742 
sterni,  271,  272 
tectoria,  266,  766,  767 
tynipani,  43,  750,  1231 

aunulus  fibro-cartilaginoiis  of,  760 
blood-vessels  of,  751 
dendritic  fibres  of,  752 
folds  of,  1231 
lymphatics  of,  761 
Menibrana  tympani,  malleolar  folds  of,  760 
niembrana  propria  of,  761 
nerves  of,  761 

otoscopic  appearances  of,  751 
paracentesis  of,  1232 
l)ars  flaccida  of,  750 

tensa  of,  760 
secundaria,  762 
stratum  circulare  of,  761 
cutaneum  of,  751 
mucosum  of,  761 
radiatum  of,  751 
triangular  cone  of,  1232 
umbo  of,  751 
vestibularis,  766 
Membrane  bones,  72,  182 
of  Bruch,  728,  729 
bucco-pliaryngeal,  36,  38 
cloacal,  21,  23,  46 
chorionic,  62 
costo-coracoid,  321,  828 
crico-thyroid,  962,  1249,  1289 
elastic,  of  Henle,  781 
fenestrated,  781 
hyaloid,  736 
hyoglossal,  1006 
interosseous  of  forearm,  283 

of  leg,  304 
of  Nasmyth,  1024 
nictitating,  738 
nuclear,  8,  9,  10 
obturator,  293 
periosteal,  71 
of  Reiasner,  765 
of  Ruysch,  728 
Schneiderian,  722 
of  Shrapnell,  750,  1232 
thyro-hyoid,  962,  1218 
tymi)anic     See  Menibrana  tympani 
vitelline,  11 
Membranes,  foetal,  48,  59 

Synovial,  267,  258,  260,  278,  281,  282,  284, 
286,  288,  295,  302,  307,  312 
Membranous  cranium,  181 
labyrinth,  759,  762 
vertebral  column,  30,  90 
Meningeal  arteries.     See  Artery 
lymphatics,  909 
veins,  880,  881 
Meninges,  697.     See  aUo  Dura,  Amchnoid,  Pia 

Mater 
Meniscus,  268,  260,  268,  274,  276,  301 
Mental  artery,  812 

foramen,  143,  146,  1237 
nerve,  686 

protuberance,  143,  146 
spines,  144 
tu})ercle8,  143 
Merkel,  fiitnini  ventricuii  of,  966 


Mesaticephalic  skulls,  178 

Mesencephalon,  476,  477,  481,  531.      See  also 

Mia-brain 
Mesenteric  arteries.    See  Arteries 

ganglion,  superior,  713 

lymphatic  glands,  919 

plexus,  713,  714 

veins.     See  Veins 
Mesenterico-mesocolic  fold,  1069 
Mesentery,  993,  1066,  1071,  1269 

development  of,  33,  1106 

dorsal,  1106 

folds  of,  1072 

primitive,  1106 

root  of,  1071,  1072 

structure  of,  1072 

ventral,  1106,  1124 

of  vermiform  appendix,  1080,  1105 
Mesial  plane,  4 
Meso-api)endix,  1080,  1106 
Mesoblast,  19,  20,  22 
Mesocephalic  skulls,  178 
Mesocolic  glands,  1076 
Mesocolon,  descending,  1084 

development  of,  1108 

pelvic,  1086,  1100 

sigmoid,  1085,  1086 

transverse,  1083,  1104,  1127,  1269 
Mesoderm,  19,  20,  22,  25,  30,  50,  65 

lateral  plates  of,  26,  30,  31 

l)araxial,  26 

somites  of,  26,  30,  31,  66 

structures  formed  from,  30 
Mesodont  skulls,  181,  1029 
Mesoduodenum,  1108 
Mesogastrium,  1107 
Mesognathion,  1013 
Me5ognathou8  skulls,  180 
Mesometrium,  1190 
Mesonephroe,  1199, 1201 
Mesorchium,  1167 
Mesorectum,  1085,  1086 
Mesorhine  skulls,  180,  717 
Mesosalpinx,  1185,  1189 
Mesoseme  skulls,  180 
Mesoetemum,  94 
Mesotympanum,  1232 
Mesovarium,  1182,  1184,  1189 
Mesuranic  skulls,  180 
Metacarpal  arteries,  783 

Vwnes,  203,  209,  1299 
architecture  of,  212 
ossification  of,  212 
variations  in,  212 

ligament,  transverse,  338 

tubercle,  1299 
Metacarpo-phalangeal  joints,  288,  1299 
Metaphase,  10,  13 
Metastemum,  96 
Metatarsal  artery,  869 

bones,  249 
architecture  of,  261 
ossification  of,  261 
variation  in,  261 
ligaments,  transverse,  314,  378 
Metatarso  -  phalangeal    joints,   314,   316,   390, 

1311,  1312 
Metathalamus,  642,  694 
Mt;tencephalon,  477,  481 
Met<)pic  fontanelle,  106 

ossicle,  106 

suturti,  104,  160 
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Metrio-cephalic  skulls,  179 
Meynert,  decussation  of,  539 
Microcephalic  skulls,  178 
Microdont  skulls,  181,  1029 
Microseme  skulls,  180 
Microsome,  8 
Mid-bi-ain,  481,  631 

aqueduct  of  Sylvius  of,  631,  533,  542,  551 

corpora    quadrigemina    of,    531.      See    also 
Corpora  quadrigemina 

cortico-pontine  fibres  of,  540 

crura  ot,  532.     See  also  Crura  cerebri 

deep  origin  of  nerves  from,  540 

development  of,  476,  477,  642 

fasciculus  retroflexus  of,  539 

fillet  fibres  of,  633,  534,  536,  638 

fountain  decussation  of,  539 

frenulum  veli  of,  531,  542 

ganglion  interpedunculare  of,  639 

internal  structure  of,  633 

lamina  quadrigemina  of,  533 

lateral  sulcus  of,  633 

nuclei  of,  633,  534,  635,  636 

oculomotor  sulcus  of,  633 

posterior  longitudinal  bundle  of,  536,  637 

pyramidal  fibres  of,  640 

situation  and  connexions  of,  476,  631 

stratum  griseum  centrale  of,  633 
intermedium  of,  581 

substantia  nigra  of,  533,  646,  581 

superior  cerebellar  peduncle  in,  536 

sylvian  gray  matter  of,  633,  640,  660 

veins  of,  883 
Mid -clavicular  line,  1263 
Mid -gut,  33,  34,  1106 
Mid -sternal  line,  1253 
Middle-ear.     See  Tympanic  cavity 
Milk-t«eth,  1014,  1015,  1022,  1027,  1242 
Mitochondrial  sheath,  15 
Mitosis,  9 

heterotype,  13,  15 

homotype,  13 
Mitral  area,  1262 

orifice,  788,  790,  1262,  1290 
Moderator  band,  790 
Modiolus,  760 
Molar  artery,  812 

glands,  997 

teeth,  1016,  1019,  1023,  1027 
Molecidar  layers  of  retina,  732,  733 
Moll,  glands  of,  739,  778 
Monro,  foramen  of,  476,  479,  544,  551,  673,  594 

sulcus  of,  551,  594 
Mons  Veneris,  1182,  1195 
Montgomery,  glands  of,  1207 
Monticulus,  506,  607 
Morgagni,  columns  of,  1093,  1094,  1280 

hydatid  of,  1187,  1199 
Morphology,  2 

of  appendicular  skeleton,  263 

of  cervical  plexus,  622 

of  cranial  nerves,  700 

of  head -muscles,  442 

of  ligaments,  261 

of  limbs,  253 

of  limb-muscles,  441 

of  limb-plexuses,  662 

of  ]K).sterior  divisions  of  spinal  nerves,  614 

of  primitive  streak,  19 

of  pudendal  plexus,  660 

of  skeletal  muscles,  441 

of  skull,  181 


Morphology  of  sympathetic  system,  71 
of  teeth,  929 

of  vascular  system,  938,  943 
Morula,  17,  65 
Moss-fibres,  514 
Motor  area,  1225 
Mouth,  993,  996 
aperture  of,  996 
buccal  glands  of,  997 
cavity  of,  995,  997 
development  of,  34,  38,  41,  67 
floor  of,  997 

incisive  pad  of,  998,  1000 
labial  glands  of,  996,  997 
molar  glands  of,  997 
mucous  membrane  of,  996 
muscles  of,  403 
plica  sublingualis  of,  997 
primitive,  34 
roof  of,  997 
sucking-pad  of,  997 
sublingual  caruncle  of,  997 

region  of,  997 
vestiDule  of,  995 
Movable  joints,  256 
Movements  in  leaping,  390 
in  locomotion,  390 
of  respiration,  426 
in  running,  390 
in  swallowing,  419 
in  walking,  390 
Mucous  glands,  1008 
MuUer,  fibres  of,  699,  734 

muscle  of,  406 
Miillerian  duct,  1199,  1204 
Multicuspidate  teeth,  1019 
Multifidus  spinsB  muscle,  395,  398,  399 
Muscle  or  Muscles,  of  abdominal  wall,  4 
abductor  digiti  quinti,  347,  353,  387, 
hallucis,  386,  389,  1312 
longus  pollicis,  361 
minimi  digiti  of  foot^  387,  389 

of  hand,  347,  353 
pollicis  brevis,  345,  353,  355 
accessorius  of  back,  393 

of  foot,  384,  389 
adductor  breWs,  366,  375,  376,  399 
longus,  365,  375,  376,  399,  1306 
magnus,  366,  376,  376,  399,  1308 
minimus,  367 
obliquus  hallucis,  388,  389 

pollicis,  346,  363 
transversus  hallucis,  388,  389 
pollicis,  346,  353,  355 
agitator  cauda?,  369 
anconeus,  360,  354 
antitragicus,  746 
appencficular,  318 
of  arm,  332 

arrectores  pilorum,  778 
aryteno-epiglottidean,  968,  970 
arytenoid,  968,  971 
ary-vocalis,  970,  971 
attoUens  aurem,  402,  404 
attrahens  aurem,  402,  404 
auricularis  anterior,  402 
posterior,  402 
superior,  402 
axial,  318,  391 
azygofi  uvidaj,  418,  419 
of  back,  318,  392,  398 
biceps  brachii,  332, 336,  354, 1297 
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Mubcle  or  Miuscles,  levator  glandulae  thyroideae, 
412,  1217 
levator  labii  guperioris,  403,  405 
ala^que  nasi,  403,  405 

menti,  404,  405 

jialati,  418,  419 

jialpebrae  BUperioris,  405,  407 

prostatae,  441 
levatores  costarum,  422,  426 
lingualifl  inferior,  415 

HUperior,  415 
of  little  finger,  346 
longisBimui}  capitif*,  395 
longia8imu8  cervicii*,  394 

dorsi,  393 
longus  colli,  421 
of  lower  limb,  355 
lumbricales  of  foot,  384,  389,  390 

of  hand,  343,  353,  354,  355 
mas»eter,  407,  416 
of  mastication,  407,  410 
morphology  of,  441 
of  mouth,  403 
of  Muller,  406 

multifidus  spin*,  395,  398,  399 
mylo-hyoid,  413,  415,  416 
nasal  is,  403 
of  neck,  410,  419 
of  nose,  403,  405 
obliquus  auriculae,  746 

extemus  abdominis,  427 

inferior,  of  neck,  397,  399 
of  orbit,  406 

internus  alxlominis,  430 

superior,  of  neck,  397,  399 
of  orbit,  406,  407 
obturator  extemus,  367,  375,  376,  399 

intenius,  371,  375,  376,  399 
ooc-ipito-frontalii*,  4(31,  404,  1222 
omoliyoki,  fl  1,^^15,  416,  1250 
opj>auiJU^  digiti  quint  1,  347,  353,  355 

niiuimi  digiti,  34  7  ^  353,  355 

I)olliciis  346,  353,  355 
rjibu;tilari»  oris,  403,  405,  996 

l)alj)ebrarum,  U^l,  404,  404 
of  orljit,  405,  407,  442 
origin  of,  317 

palato-glossus,  415,  416,  419 
palato-pharyngeus,  417,  418,  419 
l)almari8  brevis,  336 

longus,  340,  353,  354,  1300 
papillares  of  heart,  790,  791,  792 
peclinati,  787,  788 
IKJCtineus,  364,  375,  376 
of  pectoral  region,  321 
pectoralis  major,  322,  326,  331,  426,  1253 

minimus,  324 

minor,  324,  326,  426 
of  iHilvia,  440 
of  jwrineimi,  435 
IHjroneo-calcaneuf*,  385 

extemus,  381 
peroneo-culx)i(leus,  381 
peroneus  accessor ius,  381 

brevis,  381,  389,  1309,  1311,  1312 

longus,  381,  389,  1309,  1311,  1312 

(piinti  digiti,  381 

tertiuB,  380,  389,  1312 
of  i)liarynx,  416,  419,  442 
of  jnnna,  746 
l)lantAris,  382,  389 
i>laty?*nia  myoides,  401,  404,  442 


Muscle  or  Muscles,  popliteus^  383,  38S 

minor,  384 
pronator  quadratus,  344,  353,  354 

radii  teres,  339,  353,  354 
psoas  magnus,  362,  375,  3d8,  399,  1: 

parvus,  363,  375,  398,  399 
pterygoid,  external,  406,  410 

internal,  410 
pubo-cavemosus,  437 
pubo-coccygeufi,  441,  1096 
pubo-rectalis,  441 
pubo-vesicalis,  1157 
pyramidalis  abdominis,  431 
pyramidalis  nasi,  403,  404 

pinnae,  746 
pyriformis,  371,  375,  376,  399 
quadratus  femoris,  372,  375,  376 

lumborum,  434,  1285 
quadratus  plantae,  384 
quadriceps  extensor  femoris,  359,  37 
pecto-coccygeus,  1093 
recto-uterine,  1101,  1189 
recto- vesical,  1157 
rectus  abdominis,  432 

capitis  anticus  major,  420 
minor,  421 
lateralis,  398,  399,  422 
posticus  major,  397 
minor,  397 

femoris,  359,  375,  399 

of  orbit,  external,  405,  407 
inferior,  405,  407 
internal,  405,  407 
superior,  405,  407 
of  respiration,  422,  426 
retrahens  aurem,  402,  404 
rhomboideus  major,  321,  326 

minor,  320,  326 
of  Riolan,  739 
risorius,  404,  405 
rotator  humeri,  332 
rotatores  dorsi,  397,  398 
sacro-spinalis,  393 
salpingo-pharyngeus,  417,  754 
sartorius,  359,  375,  399,  1306 
scalenus  anticus,  419,  426 

medius,  420,  426 

posticus,  420,  426 
of  scalp,  401,  404,  1222 
scansorius,  371 

semimembranosus,  374,  375,  376,  13( 
semispinalis  capitis,  395 

colTi,  395,  398 

dorsi,  395,  398 
semitendinosus,  373,  375,  376,  1305 
serratus,  anterior,  325 

magnus,  325,  326,  426,  1255 

posticus,  inferior,  392,  398,  426 
superior,  392,  398,  426 
of  shoulder,  327 
skeletal,  316 
of  soft  palate,  418,  442 
soleus,  382,  389,  1309,  1310 
sphincter  ani  extemus,  435,  438,  441 
internus,  1093,  1095 

pupillaj,  731 

pylori,  1056,  1058 

recti,  1095 

vaginae,  436 

vesicae,  1156 
spinalis  dorsi,  395 
S2)lenius  capitis,  392,  398 
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Muscle  or  Muscles,  splenius  coUi,  393,  398 
stapedius,  757 
stenialis,  324 
stenio-clavicularis,  325 
stemo-cleido-mastoid,  410,  416 
sterno-hyoid,  411,  415,  416 
stenio-mastoid,  411,  416,  426,  1249 
stemo-thj-roid,  412,  415,  416 
stylo-auncularis,  746 
stylo-glossus,  414,  415,  416 
.     stylo-hvoid,  413,  415,  416,  442 
stylo-pharyngeus,  417,  419,  442 
subanconeous,  336 
sulxilavius,  324,  326 
subcostales,  422,  426 
subcrureus,  362 
subscapular  is,  330,  331 

minor,  331 
supinator  brevis,  351,  354 
supra-hvoid,  412,  415 
sujiraspinatus,  329,  331 
suspensory,  of  duodenum,  1070 
temi)oral,  408,  410, 
tensor  fasciae   femoris,   369,  375,   399,  1303, 

1306 
suralis,  373 

palati,  419,  754,  1246 

tarsi,  403,  405,  741 

tympaui,  757,  1232 
tei-es  major,  330,  331 

minor,  329,  331 
of  thigh,  355,  375 
of  thorax,  422,  426 
of  thumb,  343,  345,  355 
thyro-ary-epiglottidean,  968,  971 
thyro-arytenoid,  968,  969,  971 
thyro-epiglottidean,  970 
thyro-liyoid,  412,  416,  416 
tibialis  anticus,  378,  389,  1312 

l)osticu8,  385,  389,  1311,  1312 
tibio-fascialis  anticus,  379 
of  tongue,  414,  415,  442,  701,  1005,  1243 
ti-acheal,  975 

trachelo-mastoid,  395,  399 
tmgicus,  746 
transversal  is  abdominis,  431 

cervicis,  394 
transvei-se,  of  tongue,  415 
tmnsversus  i^jrinci  suiKirticialis,  436 

auricula?,  746 

perinei  profundus,  437 

thoracis,  422 

vagiiue,  437 
trapezius,  318,  326,  1285 
triangularis  stenii,  422,  426 
triceps  brachii,  334,  336,  1295 

femoris,  381 
of  tympanic  cavity,  757 
of  ujijH^r  limb,  318 
vastus  extern  us,  361,  375,  1304 

intermedins,  361 

internum,  361,  375,  1308 
zygomati<uis  major,  404,  405 
"  minor,  404,  405 
Muscle-ctUls,  316 
Muscle-i>late,  30 

Muscular  i)ro<.x*ss  of  vertebrie,  75,  76 
system,  316 

triangU-  of  neck,  1249,  1251 
Musculo-cutaneous  nerve.     See  NeiTe 
MuscuJo-j»Iirenic  artery,  826 
veinn,  874 


Musculo-spiral  groove,  192 

nerve,  625,  632,  673,  1295,  1296,  1298 
Myelencephalon,  477,  481 

Myelin,  444 
Myelinisation,  466,  470,  473,  537»  594 
Myelocoele,  30 
Myelospongium,  22,  472 
.   Mylohyoid  artery,  812 
i       groove,  145,  146 

muscle,  413,  415,  416 
nerve,  685 
,       ridge,  144,  167 
Myocardium,  791 
Myologv,  3,  316 
•   Myotomes,  30,  183,  317,  441 

cephalic,  442,  701 
I   Myrtiform  fossa,  131 


Naboth,  ovules  of,  1191 
I  Nail,  775 
,       bed  of,  775 
I       development  of,  779 
I       in  foetus,  47,  68 
I       lunula  of,  775 
I       matrix  of,  775 
1       i)amlhe  of,  775 
I       vallum  of,  775 

wall,  775 
I   Nares,  anterior,  173,  717,  1237 

l)osterior,  160,  163,  173,  719,  993,  124C 
Nasal  aperture,  anterior,  148,  152,  180 
artery.     See  Artery 
Ume;  103,  137,  152,  173 
cavity,  development^  40 
crest,  134,  173 
duct,  740,  741,  743,  1239 
canal  of,  151,  173, 175 
development  of,  40,  743 
fossa,  148,  173,  177 
agger  nasi  of,  721 
atrium  of,  721 
basal  cells  of,  723 
blood-vessebi  of,  723 
Bowman's  glands  of,  722 
bulla  ethmoidalis  of,  721 
cavernous  tissue  of,  722 
develoi)ment  of,  40 
e^)ithelium  of,  722,  723 
hiatus  semilunaris  of,  721 
inferior  meatus  of,  721,  1239 
infundibulum  of,  721 
inner  wall  of.     See  Septum 
limen  of,  719 
lymphatics  of,  723 
middle  meatus  of,  721,  1239 
olfactory  cells  of,  723 

part  of,  720,  722 
orifices  in,  719,  720,  721,  741 
organ  of  Jacobson  of,  720 
outer  wall  of,  720 
i-ecessus  nas(j-{)alatinius  of,  720 

spheno-ethmoidalis  of,  720 
respirator}'  jiart  of,  720,  722 
sensor}'  nerves  of,  723 
suixirior  meatus  of,  720 
supjK)rting  cells  of,  722 
ventricle  of,  719 
vestibule  of,  719 
index,  180,  717 
lamina*,  41 
nerve.     See  Nerve 


1358 


INDEX. 


m   i 


il! 


J 


I 


Nerve  or  Nerves,  masseteric,  683 
mastoid,  618 
maxillary,  iuferior,  683 

superior,  681 
median,  625,  627,  1295,  1296,  1298,  1301 
of  membrana  iympani,  751 
meningeal,  of  vagns,  692 
nieniugeiis,  681 
mental,  685 

middle  cutaneous,  of  thigh,  646 
of  muscles  of  abdominal  wall,  434,  642 

of  arm,  336 

of  l>ack,  398 

of  buttock,  375 

of  face,  404 

of  foot,  389 

of  forearm,  353 

of  hand,  353 

of  hyoid  bone,  415 

of  iris,  681 

of  leg,  389 

of  lower  limb,  669,  670 

of  mastication,  410 

of  orbit,  407 

of  pectoral  region,  326 

of  pelvis,  441 

of  perineum,  438 

of  pinna,  687 

prevertebral,  422 

of  thigh,  375 

of  thorax,  426 

of  tongue,  416 

between  trunk  and  upper  limb,  326 

of  shoulder,  331 

of  soft  palate,  692 

of  unper  limb,  626,  667,  671 
musculo-cutaneous,  of  arm,  625,  627,  673 

of  leg,  650,  651,  1309 
musculo-spiral,  625, 632;  673, 1295, 1296, 1298 
myelinisation  of,  466,  470,  473,  537,  594 
mylo-hyoid,  685 
nasal,  680 

external,  680 

inferior,  683 

of  infra-orbital,  682 

internal,  680 

superior,  683 
naso-ciliaris,  680 
naso-palatine,  683,  1000 
to  obliqui  abdominis  muscles,  638 
obturator,  642,  643 

accessory,  647 
to  obturator  extemus,  645,  647 

intemus,  649,  652 
occipital,  great,  612,  1253 

of  posterior  auricular,  687 

small,  617,  618,  622 

third,  612 
to  occipito-frontalis,  687 
oculo-motor,  674,  676,  699,  701 
CDsophageal,  695,  710 
olfactory,  675,  703,  722 

bulb  of,  569,  587,  675,  703 

development  of,  587,  698 

origin  of,  675 

tract  of,  569,  587,  675 
ophthalmic,  679,  701 
oi)tic,  475,  675,  703 

origin  of,  552,  675 

development  of,  698,  742 

retinal  portion  of,  676.     See.  aUo  Hetina 
orbital,  681,  683 


Nerve  or  Nerves,  to  j>alat«,  1000 
palatine,  great,  683,  1000 

posterior,  683 

small,  683,  1000 
palpebral,  682 
to  parotid  gland,  1011 
patellar,  647 
pathetic,  677 

perforans  coccygeus  major,  657 
perforating  cutaneous,  657 
pericardiac,  695 
perineal,  659 

of  fourth  sacral,  658 

of  small  sciatic,  657 

superficial,  659 
to  perineal  muscles,  659 
j)eripheral,  607 
peroneal,  647,  648,  650 

communicating,  650 
to  peroneus  brevis,  651 

longus,  651 
petrosal,  gn^at  deep,  687,  707 

small  deep,  689,  707 

superficial,  external,  687 
large,  686 
small,  687,  689 
pharyngeal,  1037 

of  Meckel's  ganglion,  683 

of  ninth  nerve,  690 

of  sympathetic,  707 

of  vagus,  692 
phrenic,  617,  621,  1261 
of  pinna,  746 
plantar,  external,  654,  1312 

internal,  654,  1312 
pneumogastric.     See  Nerve  vagua 
popliteal,  external,  647,  648,  650,  1304, 

mtemal,  647,  648,  662,  1305 
to  prevertebral  muscles,  617,  621 
to  psoas  muscle,  642 
pterygoid,  external,  683 

internal,  683 
pterygo-palatine,  683 
pudendal,  inferior,  657 
pudic,  658 

pulmonary,  691,  709,  989 
to  pyramidalis  muscle,  639 
to  pyriformis,  649 
to  quadratus  femoris,  649,  652 

lumlx)rum,  642 
radial,  633,  634, 1301 
to  radio-carpal  joint,  628 
to  radius,  628 
of  rectum,  1096 
to  rhomboids,  625 
sacculo-ampullaris,  769 
sacral,  607.     See  also  Plexus,  lum1>ar,  sa< 

anterior  primary  divisions  of     Se^  Ph 
sacral,  pudendal 

posterior  primary  divisions  of,  613 

visceral  branches  of,  711,  714 
sacro-coccygeal  anterior,  658 

posterior,  614 
saphenous,  long,  646,  1308,  1310,  1312 

short,  653,  1312 
to  scaleni,  617,  620,  621 
to  scalp-muscles,  404 
scapular  posterior,  626 
sciatic,  great,  647,  648,  1303,  1304 

small,  656,  665,  1304 
segmental,  of  head,  701 
to  semicircular  canals,  689 
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tllerve  or  Nerves,  to  shoiilder-joint,  626,  632 
of  skin,  774 

of  small  intestine,  1070,  1073 
j    Bpheno- palatine,  681 
to  sphincter  ani,  667,  669 

pupillae,  731 
spinal,  443,  607 

anterior  primary  divisions  of,  609,  616, 

662 
classification  of,  463,  607 
development  of,  660 
distribution  of,  general,  610,  616 
to  limb-muscles,  666,  671 
to  skin  of  limbs,  666,  671 
formation  of,  662 
ganglia  of,  608 
gray  rami  of,  616,  616,  617,  620,  623,  636, 

637,  638,  639,  647,  666 
morphology  of  primary  divisions  of,  614 
number  of,  608 
oriM  of,  463,  466,  461,  608 
spinal,  posterior,  primary  divisions  of,  609, 

610,  662 
spinal,  recurrent  branches  of,  609 
relation  of,  to  meninges,  609 

to  vertebrae,  1289 
roots  of,  608.     See  also  Nerve-roots 
dorsal,  608,  661,  704 
ventral,  608,  609,  661,  704 
segmental  disposition  of,  610,  614 
size  of,  608 

somatic  portion  of,  615,  662,  709 
splanchnic  portion  of,  616,  662,  704,  709 
visceral  branches  of,  609,  666,  662,  716 
white  rami  of,  609,  616,  616,  637,  638, 640, 
647,  666,  662,  704,  709,  710,  711,  712, 
714,  716 
spinal  accessory,  696,  701,  1261 

accessory  part  of,  696,  700,  702 
deep  origin  of,  616 
development  of,  700 
medullary  part  of,  616 
nucleus  of,  616 

spinal  part  of,  616,  696,  700,  702 
superficial  origin  of,  616,  482,  696 
splanchnic,  710 
great,  710 
least,  710 
small,  710 
of  stapedius  muscle,  687,  768 
sternal  descending,  617,  619,  622 
to  stemo-mastoid,  617,  619 
of  stomach,  1060 
to  stylo-pharyngeus,  690 
to  subclavius,  624 
of  sublingual  gland,  1013 
of  submaxillary  gland,  1012 
suboccipital,  611,  614 

ganglion  of,  608 
subscapular,  625,  635 
long,  635 
lower,  636 
short,  635 
supraclavicular,  of  brachial  plexus,  624 

of  cervical  plexus,  618 
siipramandibular,  688 
supraorbital,  679,  1224 
suprascapular,  624,  625,  673 
supratrochlear,  679,  1223 
sural,  «50,  657 

s/B'pathetic.     See  Sympathetic 
io  short  muscles  of  little  finger,  631 


Nerve  or  Nerves,  to  short  muscles  of  thumb, 
629,  631 
of  taste,  771 
temporal,  of  auriculo-temporal,  684 

deep,  683 

of  fecial,  687 

of  orbital,  1224 

of  superior  maxillary,  681 
to  tensor  palati,  686 
tympani,  686,  767 
vaginae  femoris,  649 
tentorii,  679 
to  teres  minor,  632 
thoracic,  607,  613,  635 

anterior  primary  divisions  of,  635 

communications  of,  636,  638 

cutaneous  branches  of,  613,  635,  636,  638, 
639 

external  anterior,  626,  626 

first,  636 

internal  anterior,  626,  626 

long,  624,  626 

muscular  branches  of,  635,  636,  638,  639 

posterior  primary  divisions  of,  613 

second,  636 

twelfth,  638 
to  tibia,  663 
tibial,  647,  648,  660,  652 

anterior,  660,  651 

communicating,  653 

posterior,  652 

recurrent,  650 
to  tibio-fibular  joint,  651,  653 
of  tongue,  698,  1006 
of  tonsil,  690,  1037 
to  transversalis  abdominis,  638 
to  trapezius,  617,  620 
to  triangularis  st^mi,  638 
trifacial.     See  Nerve,  trigeminal 
trigeminal,  678,  686,  701 

ascending  root  of,  525 

deep  origin  of,  503,  524,  525 

development  of,  699 

divisions  of,  679 

Gasserian  ganglion  of,  679 

mesencephalic    root     of,    504,    524,    626, 
540 

motor  root  of,  504,  678,  699,  701 

nuclei  of,  503,  524,  627,  528,  540 

sensory  root  of,  504,  524,  699,  678,  701 

spinal  root  of,  502,  504,  525,  528 

suiHirficial  origin  of,  486,  524,  678 
trochlear,  677,  701 

communications  of,  678 

deep  origin  of,  541 

development  of,  699 

nucleus  of,  541 

superficial  origin  of,  487,  541,  677 
tvmmnic,  689,  702,  758 
to  ulna,  628 
ulnar,  625,  629,  1296,  1298,  1301 

collateral,  633 

communicating,  629 
to  utricle,  689 
vagus,  690,  702,  1060,  1251 

alxlorainal  branches  of,  693 

afferent  fibres  of,  517 
root  of,  700,  702 

branches  of,  691 

cartWo-mhibilory  fibres  of,  696 

ronwuuuications  of,  692,  693 
f\  MiK\}^  ongm  of,  517 
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Nerve  or  Nerves,  vagiis,  development  of,  7  X) 

vagus,  efferent  fibres  of,  617 
root  of,  700,  701,  702 

ganglion  of  root  of,  690,  692 
of  trunk  of,  690,  692 

in  jugular  foramen,  690 

left,  691 

in  neck,  690,  692 

nucleus  of,  488,  617,  618 

right,  691 

roots  of,  517,  700,  701 

superficial  origin  of,  482,  690 

in  thorax,  691 

viscero-motor  fibres  of,  696 
vestibular,  689,  768 

connexion  with  cerebellum,  621 

deep  origin  of,  619 

descending  root  of,  620,  622 

nucleus  o^  488,  619,  621 
Vidian,  682,  687,  707 
zygomatico-facialis,  681 
zygomatico-temporalis,  681 
Nerve,  zygomaticus,  681 
Nei*ve-c^ls,  445 
axons  of,  445.     See  also  Axon 
bipolar,  448 

celluli  petal  processes  of,  449 
of  cerebellum,  512 
of  cerebral  cortex,  685 
dendrites  of,  447 
d^elopment  of,  447,  471 
ganglionic,  448 
of  Golgi,  464,  686 
processes  of,  445 
of  Purkinj6,  512,  514 
radicular,  464 
of  spinal  chord,  445,  461 

ganglia,  608 

unipolar,  448 
of  sympathetic  ganglia,  704 
Nerve -fibres,  444 

afferent,  445,  448,  451 

collateral,  445,  448 

efferent,  446,  451 

myelinisation  of,  466,  470,  473,  537,  594 

non -medulla ted,  444 

l)riraitive  sheath  of,  444 

splanchnic,  afferent,  705,  706,  709,  710 

efferent,  704,  706,  709,  710 

peripheral,  705 
sympathetic,  704 

cervical,  706 

destinations  of,  704 

medullated,  704 

non-medullated,  705 

splanchnic,  704,  705,  706 
terminations  of,  444,  448 
Wallerian  degeneration  of,  466 
Nerve-roots,  443 
cranial,  443 
spinal,  454,  608,  609,  660 

anterior,  443,  455,  461,  473,  609,  661,  704 

posterior,  443,  455,  466,  467,  473,  609,  661, 
704 
Nervous  system,  443 

cerebro  -  spinal,   443.      See  also    Cerebro- 
spinal 

sympathetic,  443.     See  also  Sympathetic 
Neural  arch.     See  Arch 
arteries,  838,  851 
canal,  76,  89 
crest,  21 


Neural  ectoderm,  28 
fold,  21,  66 
groove,  20,  21,  66 
tube,  21,  471 
alar  lamina  of,  472,  480, 526,  527,  5^ 

594,  698 
basal  lamina  of,  472,  480,  626,  54 

694,  698 
cellular  buds  of,  661 
central  canal  of,  471,  472 
development  of  cranial  nerves  from 

of  spinal  nerves  from,  661 
ependymal  layer  of,  472 
flexures  of,  479 
limiting  membrane  of,  external,  47] 

internal,  471 
mantle-layer  of,  472 
mid -dorsal  lamina  of,  471,  526 
mid- ventral  lamina  of,  471,  626 
myelospongium  of,  472 
neuroblasts  of,  472,  627,  528 
peripheral  reticular  layer  of,  472 
Neurenteric  canal,  20,  66 
Neuroblasts,  22,  447,  472,  627,  528,  661, 
Neuro-central  synchondrosis,  91 
Neuro-fibrillae,  449,  468 
Neuroglia,  443,  461,  461,  465 
Neurolemma,  444 
Neurology,  3 
Neuromeres,  22 
Neuron,  22, 448,  449 
Nictitating  membrane,  738 
Nipple,  1207,  1208 
Nodule  of  cerebellum,  607,  608,  530 
Nose,  717 
ala  of,  717 
alar  sulcus  of,  717 
bridge  of,  717,  1237 
cartilages  of,  717 
development  of,  38,  66,  68 
floor  of,  1239 
fossae  of,  148,  173,  177,  719.     See  alsc 

fossae, 
hiatus  semilunaris  of,  1239 
limen  of,  719 
lymphatics  of,  717,  723 
meatuses  of,  720.     See  also  Meatus 
mucous  membrane  of,  722 
muscles  of,  403,  404 
nasal  index  of,  717 
nerves  of,  717,  723 
olfactory  part  of,  720,  722 
outer,  717 

respiratory  part  of,  720,  722 
septum  of,  717,  720,  1239 
surgical  anatomy  of,  1239 
ventricle  of,  719 
vestibule  of,  719 
vessels  of,  717,  723,  879 
Nostril,  717 

Notch  of  Rivini,  750,  1232 
Notochoi-d,  24,  90,  181 
Notochordal  area,  23 
Nuchal  furrow,  1253 
lines,  109,  154,  159 
plane  of  occipital  bone,  109,  164,  15 
166 
Nuck,  canal  of,  1190 
Nuclear  layer  of  retina,  732,  733 
membrane,  8,  9,  10 
juice,  8 
Nucleolus,  8,  9,  10 
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Nucleus  or  Nuclei,  of  abducent  nerve,  502, 524, 
537,  538 

ambiguus,  517,  518 

amy^aloid,  576,  579,  582 

arcuate,  490,  498,  528 

arcuatus  of  thalamus,  545 

of  auditory  nerve,  519.     See  aUo   Nucleus, 
cochlear,  vestibular 

of  Bechtei-ew,  520 

caudate,  574,  579 

of  cells,  8 

during  mitosis,  10,  13 
segmentation,  17 

central,  of  Luys,  545,  546 

cochlear,  519,  520,  521,  534,  538 

of  corpus  mammillare,  548,  572 

cuneate,  485,  490,  492,  493,  494,  496,  528 

of  Deiters,  520,  521 

dentatus,  510,  511 

eniVx)liformis,  510 

facial,  502,  523 

of  fasciculus  solitarius,  518 

fastigii,  510 

globosiis,  510 

glosso-pharyngeal,  488,  517,  519 

RracUe,  485,  490,  492,  493,  494,  496 

hypoglossal,  488,  515 

intercalatus,  488 

laryngeal,  517 

lateralis  of  medulla,  498 

of  lateral  fillet,  505,  521 

of  lens,  737 

lenticular,  579,  580,  582 

of  medulla  oblongata,  488,  490,  527 

motor,  515 

oculo-motor,  537,  541 

olivary  accessory,  495,  498,  528 
inferior,  484,  490,  494,  497,  528 
superior,  502,  505,  520,  521,  524,  538 

of  optic  nerve,  552 

of  origin  of  nerves,  515,  527 

of  pons,  499,  500,  502,  504 

pontis,  499,  501,  528 

pulposus,  262 

pyramidal,  490 

red,  535,  536,  546 

roof,  510,  511,521 

salivan^  524  ^ 

spinal  accessory,  516,  517 

of  termination  of  nerves,  514,  527 

trapezoideus,  520 

trigeminal,  504,  524,  525,  528,  540 

trochlear,  537,  541 

thalamic,  544 

vagiLs,  488,  517,  518 

vestibular,  488,  519,  521 
Niiel,  space  of,  767 
Nutrient  arteries.     See  Arteries 
Nutritive  pole,  11 
Nymphae,  1195 

Obelion,  159,  178 

01)ex,  512 

Oblique  ligament,  283 

line,  anterior,  of  radius,  201 
external,  of  jaw,  143 
internal,  of  jaw,  144,  167 
of  tibia,  233 
vein  of  Marshall,  785,  871 
Obliguus  extemus  alxloniinis  muscle,  427 
inferior  wiiscle  of  neck,  397,  399 
of  orbit,  406 
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Oblfquus  intemus  abdominis  nuiscle,  430 
superior  muscle  of  neck,  397,  399 
of  orbit,  406,  407 
Obliterated  hypogastric  artery,  851 
Obturator  artery,  852,  953 
canal,  293 
crest,  218 

extemus  muscle,  367,  375,  376,  399 
fascia,  438 
foramen,  214,  219 
gland,  921 

groove,  218,  219,  220 
mtemiis  muscle,  371,  375,  376,  399 
membrane,  294 
nerve,  642,  643,  647 
plexus,  644,  646 
tubercle,  anterior,  219 

posterior,  219 
vein,  895 
Occipital  angle  of  parietal  bone,  108 
artery.     See  Arteries 
bone,  103,  109,  152,  154,  159,  160,  183 
architecture  of,  112 
basilar  part  of,  109,  112,  113,  164,  170 
condylic  parts  of,  109,  111,  113 
connexions  of,  112 
ossification,  of,  113 
tabular  part  of,  109,  113 
variations  in,  112 
condyles,  111,  112,  166 

third,  79,  113 
crest,  external,  109 
internal,  110,  171 
fontanelle,  183 
lobe,  564,  1225 
lymphatic  glands,  909 
nerves.    See  Nerve 
plane,  109,  154 
protuberance,  external,  109,  154,  159,  166 

internal,  110,  170 
sinus,  886,  954 
sulcua     See  Sulcus 
triangle,  1253 
vein,  876,  879 
Occipito-atloid  joint,  266 
movements  at,  398 
ligaments,  266 
Occipito-axoid  ligaments,  266 
Occipi to- frontal  strand,  690 
Occipito-frontalis  muscle,  401,  404 
Occipito-mastoid  suture^  154,  166 
Occipito-temporal  gj-ri,  566,  567 

sulcus,  566,  567 
Oculo-motor  nerve,  676,  699,  701 

sulcus,  533 
Oculo-nasal  sulci,  39 
Odontoblasts,  1024,  1025,  1026,  1028 
Odontoid  ligaments,  267 

process,  79,  93,  94 
CEsophageal  arteries,  823,  839,  942 
groove  of  liver,  1112 
opening  of  diaphragm,  425 
orifice  of  stomach,  1055 
plexus,  691,  695,  1040 
(Esophagus,  993,  1038 
abdominal  portion  of,  1040 
cervical  portion  of,  1039,  1252 
constrictions  of,  1039,  1041 
development  of,  1042 
diaphragmatic  division  of,  1040 
glands  of,  1042 
relations  of,  1039,  1040 
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(Esophagus,  structure  of,  1041 

surgical  anatomy  of,  1264 

thoracic  part  of,  1039 

variations  in,  1041 

vessels  of,  1042 
Olecranon  fossa,  193 

process,  196,  198,  1296 
Olfactory  area,  593 

bulb,  669,  687,  675,  698,  703 

bundle,  672 

cells,  698,  722,  723 

cleft,  1239 

ganglion,  698,  703 

groove,  130,  169 

hairs,  723 

lobe,  479,  669,  588,  596 

nerve.     See  Nerve 

pits,  38 

sulcus,  562 

tract,  569,  587,  675,  698 

tubercle,  670 
Oligolecithal  ovum,  11 
Olivary  eminence,  122,  169,  484,  494 

nucleus.     See  Nucleus 
Omental  tuberosity  of  liver,  1113 

of  pancreas,  .1127 
Omentum,  1049 

gastro-colic,  1049 

gastro-hepatic,  1060,  1116 

gastro-splenic,  1060,  1067,  1099,  1102,  1108, 
1212 

great,    1049,   1055,   1067,    1067,  1083,  1099, 
1102,  1104,  1107 

small,   1060,   1055,   1057,   1067,   1099,   1102, 
1104,  1107,  1116,  1124 
Omohyoid  muscle,  411,  415,  416 
Ontogeny,  1 
Oocyte,  12 

of  first  order,  12,  15 

of  second  order,  13,  16 
Oogonia,  12,  16 
Oolemma,  11 
Oosperm,  17 

Opercula  insulse,  566,  561 
Ophrvon,  178 
Ophthalmic  artery,  815,  950 

nerve,  679,  701 

veins,  879 
Opisthion,  166,  171,  178 
Opisthotic  portion  of  temporal  bone,  128 
Opponens    minimi    digiti    muscle,   347,    353, 
356 

pollicis  muscle,  345,  353,  365 
Optic  axis,  724 

chiasma,  475,  651,  596,  676,  699,  703 

commissure,  475,  651,  596,  676,  699,  703 

cup,  698,  703,  731 

disc,  731 

foramen,  124,  127,  149,  169 

groove,  123 

nerve,  661,  695,  674,  675,  698,  703,  731,  741, 
742 

radiation,  553,  583,  691 

stalk,  478,  698,  703,  741,  742 

thalamus.     See  Thalamus 
tract     See  Tract 
vesicle,  478,  480,  741 
Ora  serrata,  731,  735 
Orbicular  ligament,  282 
Orbicularis  oris  muscle,  403,  406,  996 

palpebrarum  muscle,  402,  404 
Orbiculus  ciliaris,  729 
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>scriptive  terms  of,  70 

'yngeuni  of  Eustachian  tube,  753, 

r  lieart,  930 
of  heart,  930 

im  of  Eustachian  tulx^,  753 
e  of  Fallopian  tube,  1185 
of  Fallopian  tube,  1186 
n,  685,  699,  707 
9 
3 

jrv,  843,  949,  1185,  1192,  1284 
184,  1186 
1184,  1190 
4 

944,  955 
,  1283,  1284 
.189 

8  of,  1183 
bicantia  of,  1184 
tea  of,  1184 
,  1184 
jnt  of,  1204 
of,  1184 

olliclesof,  1184,  1204 
32 

)f,  1184,  1190 
mof,  1182,  1184,  1189 
1185 
ee  Ovum 
182 
f,  1182 

follicles  of,  1204 
)f,  1184 

'-  ligament  of,  1183 
1185 

iboth,  1191 
,  1184,  1204 
11 

:hal,  11 
thai,  11 
m  of,  16,  65 
ti  of,  12 
lal,  11 
1204 

)  decidua,  53 
ion  of,  17,  65 
iracters  of,  12 
1,11 

bodies,  602 
puscles,  775 
8,  108,  167 
S  998,  1000 
399,  404,  997 
ess,  131,  134,  162,  173 
998 

999,  1000,  1034 
141,  149,  156,  160,  173 
1013,  1240 
intof,  40,  1013 

998,  999 

I,    160,    162,    177,     180,    995,    998, 

id  of,  998,  1000 
embrane  of,  999 
;  418,  442 
1000 

999,  1000,  1034 
)98 

98,999 
)98,  1289 


Palate,  taste-buds  of,  770 

uvula  of,  999 

vessels  of,  1000 
Palatine  arches,  999,  1000,  1034 

aponeurosis,  999 

artery.     See  Arteries 

canal,  accessory,  142,  159,  163 
anterior,  134,  162,  173 
posterior,  133,  134,  142,  159,  162 

foramen,  posterior,  1246 

fossa,  anterior,  134,  162 

nerves,  683,  1000 

vein,  880 
Palato-maxillary  canal,  133 

index,  180 
Palato-glossus  muscle,  415,  416,  419 
Palato-pharyngeus  muecle,  417,  418,  419 
Palm,  surgical  anatomy  of,  1301 
Palmar  arch,  deep,  836,  943,  952,  1301 
superficial,  836,  943,  952,  1301 

fascia,  338 
Pal  maris  brevis  muscle,  336 

longus  muscle,  340,  353,  354 
Palpebral  fissure,  738 

ligaments,  739,  1239 

nerves,  682 
Pampiniform  plexus,  894,  1162 
Pancreas,  994,  995,  1124 

accessory,  1128 

development  of,  1129 

ducts  of,  995,  1068,  1070,  1124,  1127,  1128 

lesser,  1128 

nerves  of,  1129 

omental  tuberosity  of,  1127 

peritoneal  relations  of,  1127 

processus  uncinatus  of,  1126,  1128 

structure  of,  1128 

surreal  anatomy  of,  1276,  1289 

variations  in,  1128 

vessels  of,  1128 
Pancreatic  artery,  844,  1128 

veins,  904 
Pancreatico-duodenal  artery.     See  Arteries 

vein,  903 
Pannicidus  adiiKJsus,  317 

canioeus,  317,  401 
Papilla,  bile,  1070,  1120 

duodeni,  1070,  1120 

lacrimalis,  738,  740 

mammai,  1207 

pili,  777 

of  t^x)th,  1025,  1026 
Papilla?  of  nail,  775 

renal,  1137 

of  skin,  773 

of  tongue.     See  Tongue 
Paracentral  lobule,  562 
Parachordal  cartilages^  181 
Paradidymis,  1160,  1199 
Paraduodenal  fossa,  1068,  1069 
Paraflocculus,  509 
Parallel  fissure,  1224,  1225 

sulcus,  567 
Paramastoid  prooi^^^,  113 
Parame-dial  sulcus,  560,  561 
Parametrium,  1190,  1191 
Parapophysis,  94 
Pararectal  fossa,  1090,  1101 
Parasinoidal  siniist»s,  603 
Parast^nial  line,  1253 
Parathyroid  glands,  1218 
Paravesical  fossa,  1101,1155 
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Paraxial  mesoderm,  26 
Parietal  artery,  810 

bone,  103,  107,  152,  159,  160 
ossification  of,  109 
variations  in,  109 

eminence,  107,  164,  1224 

foramen,  108,  109,  159,  167 

gvri.     See  Gyri 

lobe,  562 
Parieto-mastoid  suture,  154 
Parieto-occipital  artery,  821 

fissure,  558,  1223,  1225 
Parie to-temporal  artery,  813 
Paroccipital  process,  79,  113 
Paroophoron,  1187,  1190,  1199 
Parotid  arteries,  808,  809 

duct,  1011,  1238 

fascia,  1010 

gland,  995,  1009,  1230,  1238 
accessory,  1011 
development  of,  1013 
duct  of,  1011,  1238 
nerves  of,  1011 
socia  of,  1011 
vessels  of,  101 1 

lymphatic  glands,  910 

recess,  1010 
Parovarium,  1187,  1190,  1199 
Pars  ciliaris  retinae,  729,  731,  735,  742 

intermedia    of    Wrisberg,    686,    687,     689, 
699 

iridica  retinae,  730,  731,  735,  742 

membranacea  septi,  791,  947 

mammillaris  hypothalami,  542,  595 

optica  liypothalami,  542,  595 
retinae,  731 
Patella,  230,  1307 

articular  surface  of,  297 

ligaments  of,  298,  357,  362,  377,  1307 
Patellar  plexus,  647 
Pathetic  nerve,  677 
Pectineal  line,  227 
Pectineus  muscle,  364,  375,  376 
Pectoral  artery,  829 

girdle,  254 

lymphatic  glands,  914 

region,  fasciae  of,  321 
muscles  of,  322 

ridge,  191 
Pectoralis  major  muscle,  322,  326,  331,  426 

minor  muscle,  324,  326,  426 

minimus,  324 
Pedicles  of  vertebrae,  76,  77,  79,  80,  82 
Peduncles  of  cerebellum.     See  Cerebellum 

of  cerebrum,  532 

of  mammillan  bodies,  548 

olivary,  495 

of  pineal  body,  547,  594 
Pelvic  colon,  1074,  1085,  1086,  1274 

fasciae,  438,  1045 
parietal,  438 
visceral,  438 

girdle,  214,  254 

mesocolon,  1086,  1100 

plexus,  712,  714 
Pelvis,  220,  1045 

articulations  of,  289 

axis  of,  222 

brim  of,  222,  1045 

cavity  of,  1046 

diameters  of,  222,  223 

false,  221 
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Peritoneal  cavity,  1267 

subdivisions  of,  1267 
Peritoneum,  993,  1048,  1097 
development  of,  1105,  1106 
duodenal  fossai  of,  1068 
duodeno-jejunal  fossa  of,  1069,  1272 
femoral  loesa  of,  1098 
folds  of,  1049.    See  also  Mesentery,  Mesocolon, 

Omentum 
foramen  of  Winslow  of,  1049,  1102 
great  sac  of,  1049,  1097 
inguinal  fossae  of,  1098,  1101 
intersigmoid  fossa  of,  1086,  1274 
ligaments  of,  1050,  1099,  1154,  1189,  1284 
mesenterico-mesocolic  fold  of,  1069 
mesenteries  of,  1050.     See  also    Mesentery, 

Mesocolon 
omenta  of,  1049.     See  also  Omentum 
paraduodenal  fossa  of,  1068,  1069 
pararectal  fossa  of,  1090,  1101 
paravesical  fossa  of,  1101,  1155 
parietal,  1097 
pelvic,  1100 
pouch  of  Douglas  of,  1090,  1101,  1189,  1283, 

1284 
processus  vaginalis  of,  1167,  1190 
recto-vesical    pouch    of,    1090,    1100,    1155, 

1282 
relation  of,  to  bladder,  1153 
cascum,  1076 
colon,  1083,  1084,  1086 
duodenum,  1067,  1068,  1069 
kidney,  1135 
liver,  1115 
pancreas,  1127 
rectum,  1089 
spleen,  1212 
stomach,  1057 
uterus,  1189 
small  sac  of,  1049,  1097,  1102,  1107,  1269 
surgical  anatomy  of,  1267 
utero- vesical  pouch  of,  1101,  1189 
visceral,  1097 
Perivascular  lymph -spaces,  905 
Permanent  teeth,  1014,  1015,  1016,  1027 
Peroneal  artery.     See  Artery 
bone,  235 
nerva     See  Nerve 
spine,  244,  245 
tubercle,  1311 
IPeroneo-calcaneus  muscle,  381,  385 
Peroneo-cuboideus  muscle,  381 
F^roneus  accessorius  muscle,  381 
brevis  muscle,  381,  389 
longiis  muscle,  381,  389 
quinti  digiti  muscle,  381 
tertius  muscle,  380,  389 
J?es  anserinus,  687 
hippocampi,  577 
Petit,  canal  of,  736 

triangle  of,  319,  430,  1285 
"ipetro-basilar  fissure,  118 
Petro-mastoid  suture,  1233 
Petro-occipital  fissure,  165 
Petrosal  artery,  811 
nerve.     See  Nerve 
process,  124 
sinus,  inferior,  876,  887 

f      superior,  886 
etroHsquamous  fissure,  119 
suture,  114,  115,  120,  1233 
etro- tympanic  fissure,  750 


Petrous  ganglion,  689,  700,  701 
Peyer's  patches,  1062,  1064,  1073,  1074 
Phaenozygous  crania,  160,  179 
Phalangeal  process  of  lamina  reticularis,  767 
Phalanges  of  foot,  239,  251 

of  hand,  203,  212 

of  rods  of  Corti,  767 
Pharyngeal  arteries,  808,  933,  1037 

nerves.     See  Nerves 

plexus,  690,  692,  707,  712 

tubercle,  112,  164,  167 

veins,  876 
Pharyngotomy,  1218 
Pharynx,  993,  1029 

aponeurosis  of,  1037 

bursa  of,  1033 

cavity  of,  1031 

develonment  of,  34,  1037 

Eustacnian  cushion  of,  1033 
orifice  of,  1033 

glands  of,  1037 

isthmus  of,  998,  1032,  1034 

laryngeal,  1032,  1036 

lateral  recesses  of,  1031,  1033,  1034,  1038 

levator  cushion  of,  1034 

lymphatics  of,  1037,  1246 

muscles  of,  416,  417,  442,  1037 

nasal,  1032 

naso-pharyngeal  groove  of,  1034 

nerves  of,  1037 

openings  of,  1032 

oral,  1032,  1034 

palatine  arch  of,  posterior,  1034 

pharyngo-epiglottic  fold  of,  1002,  1036 

relations  of,  1031 

salpingo-palatine  fold  of,  1033 

salpingo-pharyngeal  fold  of,  1033 

sinus  pyriformis  of,  1036 

tonsillaris  of,  1034,  1035,  1038 

structure  of,  1037 

supratonsillar    fossa    of,    1034,    1035,    1036, 
1038 

tonsil  of,  palatine,  1034,  1035 
pharyngeal,  1033,  1037 

vault  of,  1033 

vessels  of,  1037 
Pharyngo-glossus,  1242 
Philtrum,  39,  996,  1013 
Phrenic  artery,  825,  839,  949 

nerve,  617,  621,  622,  1251 

vein,  893 
Phrenico-pleural  fascia,  982 
Phreno-colic  ligament,  1083,  1 104 
Phylogeny,  1 
Pia  mater,  603 

choroid  plexuses  of,  575,  604,  605 
encephali,  603 

ligamentum  denticulatum  of,  605 
linea  splendens  of,  605 
sjanalis,  453,  605 
t«la  choroidea  of,  604 
velum  iuterpositum  of,  604 
Pigmentarv  lavt*r  of  optic  vesicle,  742 
Pillai-3  of  Oorti,  766 

of  external  aUlominal  ring,  430 

of  fauces,  999,  1034,  1244 

of  fornix,  548,  550,  566,  572 
Pineal  bcxly,  531,  547,  594,  595 

eye,  547 
Pinna,  743 

development  of,  43,  66 
Pisi -cuneiform  articulation,  286 
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Plexus  or  Plexuses,  sacral,  terminal  branches, 
660 
sciatic,  639,  647 
solar,  710,  712 
spermatic,  714 
spinal,  venous,  887,  888 
splenic,  713,  1213 
subclavian,  708,  712 
subepithelial  of  cornea,  727 
subpleural,  arterial,  825 
subsartorial,  644 
suprarenal,  713 
sympathetic,  712 
thyroid,  708,  712 
tonsillar,  689,  690,  1036 
tympanic,  689,  707 
uterine,  714 

venous,  896 
utero- vaginalis,  1192,  1195 
vaginal,  714 
venous,  896 
vertebral,  712,  718 
vesical,  714,  1167,  1195 
venous,  inferior,  896 
superior,  896 
Plica  inguinalis,  1168 
lacrimalis  of  Hasner,  741 
longitudinalis  duodeni,  1070 
semilunaris,  738 
synovialis  patellaris,  302 
urogenitalis,  1204 
triangularis  of  tonsil,  1036 
PlicaB  mubriat«B  of  tongue,  1005 

palmatee,  1188 
Pneum(^astric  nerve.     See  Nerve,  vagus 
Point,  alveolar,  178 
jugal,  179 
occipital,  172,  178 
subnasal,  178 
Sylvian,  556 
Polar  bodies,  13,  15 

field,  9 
Poles  of  cerebrum,  554 
of  eyeball,  724 
formative,  11 
of  lens,  737 
nutritive,  11 
Polymasty,  1208 
Polymorphic  cells,  585,  686 
Polyphyodont  dentition,  1029 
Polythely,  1208 
Pomum  Adami,  958,  972,  1218 
Pons  hepatis,  1111,  1114 
Varolii,  486 

acustic  area  of,  488 
central  tegmental  tract  of,  502 
corpus  trapezoides,  501,  620 
cortico-pontine  tibi-es  of,  501,  540,  583,  591 
development  of,  477,  480,  628 
eminentia  teres  of,  488 
fillet-fibres  of,  502,  504 
fovea  superior  of,  488 
pray  matter  of,  500 
internal  structure  of,  499 
locus  cajruleus  of,  488 
mesencephalic  root  of  fifth  nerve  in,  504 
nuclei  of,  499,  502,  504,  605,  539 
oripn  of  nerves  from,  486,  514 
j         position  and  connexions  of,  475,  486 

posterior  longitudinal  bimdle  in,  502,  504 
pyramidal  tract  in,  499 
raphe  of,  50ii 


I   Pons  Varolii,  reticular  formation  of,  499,  602 
restiform  body  in,  602 
spinal  root  of  fifth  nerve  in,  502 
substantia  ferruginea  of,  488,  504 
sulcus  basilaris  of,  486 
tegmental  part  of,  499,  501 
transverse  fibres  of,  499,  500 
veins  of,  883 
ventral  portion  of,  499 
Ponticulus,  745 
Pontine  flexure  of  brain,  479 
Popliteal  artery,  863,  934,  943,  953,  1305 

fascia,  358,  1305 

groove,  228 

line,  233 

lymphatic  glands,  916 

nerves.     See  Nerve 

space,  surgical  anatomy  of,  1305 

surface,  227 

vein,  897,  898,  965 
Popliteus  fascia,  384 

muscle,  383,  389 

minor,  384 

Pore,  gustatory,  771 

Porta  hepatis,  1115 

Portal  canals,  1120 

fissure,  1113,  1115 

system,  783 

vein,  901,  935,  945,  1120,  1290 
Porus  opticus,  731 

sudoriferus,  778 
Post-anal  gut,  45 
Post-auditory  process,  121,  122 
Post-auricular  point,  1224 
Post-branchial  bodies,  36 
Post-central  anastomoses,  940 

arteries,  838 

gyri,  663 

Bne,  1226 
Post-coronal  depression,  154,  160 
Post-costal  anastomoses,  940 
Post -glenoid  tubercle,  115,  120 
Post-neural  anastomoses,  940 
Po8t-phar>Tigeal  lymphatic  glands,  911 
Post-sphenoid  bone,  127 
Post-transverse  anastomoses,  840 
Post-vertebral  venous  plexus,  887 
Pouch  of  Douglas,  1090,  1100,  1189,  1283,  1284 

duodenal,  1070 

of  Prussak,  758 

of  Rathke,  42 

recto-genital,  1090,  1100 

recto-vesical,  1090,  1100,  1155,  1282 

utero-vesical,  1101,  1189 
Poupart,  ligament  of,  429,  1305 

line,  1047 

plane,  1047 
Praebasi-occipital  bone,  113 
Prajcentral  sulcus,  560,  561,  564,  1225 
Prajcordial  area,  1262 
Prajcuueus,  563 
Prielaiuinar  arteries,  838 
Pryeoccij)ital  notch,  562 
Pneparietal  bone,  109 
Pnuputium  clitoridis,  1196,  1197 

ptmis,  1171 
Preaortic  lymphatic  glands,  922 
Preauricular  lymphatic  gland,  1238 

point,  1224 
Precentral  line,  1225 
Prechordal  jx)rtion  of  skull,  181 
Precoracoid,  254 
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Saccule,  ductus  reuniens  of,  763,  770 
utriculosaccularis  of,  763 

macula  acustica  of,  763 

sinus  utricularis  of,  763 
Sacculi,  laryngeal,  967 
Saccus  endolyniphaticus,  763 

reuniens,  929 
Sacral  arteries.    See  Artery 

canal,  86 

glanglia,  711 

lymphatic  glands,  921 

nerves.     See  Nerves 

notch,  84 

plexus.     See  Plexus 

promontory,  85,  222 

sympathetic,  711 

veins,  896,  896 
Sacro-coccygeal  joint,  264 

nerves,  614,  658 
Sacro-iliac  joint,  290,  1302 

ligaments,  290 
Sacro -sciatic  foramen,  222 

ligaments,  291,  292 

notch,  221,  223 
Sacro-vertebral  angle,  87,  223 
Sacrum,  83,  220,  222,  223 

ossification  of,  93 

promontory  of,  86,  222,  1290 

serial  homology  of,  94 

variations  in,  86,  90 
Sagittal  fontanelle,  109 

plane,  6 

sulcus,  108,  110 

suture,  108,  159,  160,  177 
Saliva,  995 

Salivary  glands,  994,  995,  1009 
development  of,  1013 
nucleus,  524 
structure  of,  1008 
Salpingo-palatine  fold,  754,  1033 
Salpingo-pharyngeal  fascia,  754 
fold,  754,  1033 
muscle,  417 
Santorini,  cartilages  of,  961,  962 

fissures  of,  745,  748 

tubercle  of,  964 
Saphenous  artery,  862,  953 

nerve.     See  Nerve 
•     opening,  356,  1306 

veina     See  Veins 
Sarcolemma,  316 
Sartorius  muscle,  359,  375,  399 
Scala  tympani,  761 

vestibuli,  761 
Scalene  tubercle,  100 
Scalenus  anticus  muscle,  419,  426 

medius  muscle,  420,  426 

posticus  muscle,  420,  426 
Scalp,  1222 

arteries  of,  1222 

lymphatics  of,  1223 

muscles  of,  401,  404,  1222 

veins  of,  879,  1222 
Scansorius  muscle,  371 
Scapha  of  pinna,  744 
Scapho- cuboid  joint,  311 
Scapho-cuneiform  joint,  312 
Scaphoid  bone,  203,208, 209,245, 253, 1298, 1311 

fossa,  126,  163 
Scapula,  186,  1289,  1290,  1292 

architecture  of,  189 

connexions  of,  189 


Scapula,  homology  of,  254 

ligaments  of,  275 

movements  of,  326 

ossification  of,  189 

variations  in,  189 
Scapular  arteries.     See  Arteriefl 

line,  1263 

notch,  187 
Scapulo-clavicular  joint,  274 
Scarpa,  fescia  of,  1278 

foramina  of,  134,  162 

ganfflion  of,  768 
Schinaylesis,  256 
Schlemm,  canal  of,  725 
Schneiderian  membrane,  722 
Schreger,  lines  of,  1024 
Schultze,  comma  tract  of,  466 
Sciatic  artery,  854,  934,  943,  953 

foramen,  great,  292 
small,  292 

nerve.     See  Nerve 

notch,  great,  215,  217 
small,  217 

plexus,  639,  647 

veins,  896 
Sclera,  725 

canal  of  Schlemm  of,  725 

development  of,  743 

foramina  of,  725 

lamina  cribrosa  of,  725 
fusca  of,  725 

sinus  venosus  of,  725 

spatium  perichorioideale  of,  725,  728 

suprascleral  space  of,  725 
Scleratogenous  layer,  30,  72,  90 
Sclero-comea,  725 
Sclerotic  coat     See  Sclera 
Scrotal  arteries,  854 
Scrotum,  1159,  1169 

development  of,  1207 

septum  of,  434 
Sebaceous  glands,  777,  778 
Sebum  cutaneum,  777 
Secondary  bones,  182 

tympanic  membrane,  752 
Segmental  arteries.     See  Arteries 

typ,  2 

veins,  838,  943 
Segmentation  cavity,  18 

of  head,  183 

nucleus,  17 

of  ovum,  17,  65 

planes  of,  17 
Sella  turcica,  122,  169 
Semicanalis  m.  tensoris  tympani,  117,  750 

tub®  auditivae,  117,  750 
Semicircular  canals,  759,  760,  764 
ampulliB  of,  760,  764 
crista  acustica  of,  764 
cms  commune  of,  760 
cupola  terminalis  of,  764 
development  of,  769 
external,  760,  1235 
membranous,  759,  764 
osseous,  759,  760 
posterior,  760 
superior,  760 
Semilunar  bone,  203,  204,  209,  263 

cartilage,  external,  301,  1308 
internal,  301,  1307 

fascia,  333 

ganglion,  710,  712 
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Semilunar,  space  of  Traube,  1271 
Semimembranous      muscle,    374,    375,    376, 

1305 
Seminal  vesicles.     See  Vesicula  seminalis 
SeminiferouB  tubules,  1120,  1161 
Semispiualis  muscle,  395 
colli,  9(95,  398 
dorsi,  395,  398 
Semitendinosus  muscle,  373,  375,  376,  1305 
Sense  oi^ns,  717 
Septal  artery  of  nose,  807 
Septo-marginal  tract,  468 
Septula  testis,  1161 

Septum  or  Septa,  of  aortic  bulb,  930,  947 
auricles,  786,  787,  788,  930,  947 
canal  is  musculo- tubarii,  750,  752 
crural,  359 

intermedium,  of  heart,  929 
intermuscular,  of  arm,  332 
of  foot,  1312 
of  leg,  377 
of  thigh,  357,  1304 
luoidum,  573,  597 

of  nose,   152,  160,   173,  176,  181,   718,  720, 
1239 
cartilage  of,  717 
development  of,  41 
.   orbitale,  739 

J_  ^ctirifoniie,  of  ^enls,  1:172£;  -  ^   -  -   r   -  _= 
"    -jx»tieuTii,  of  a1rachn<y*d,-~602,  606  -    -"  -  "-  "~  - 
primum,  930 
of  scrotum,  434,  1170 
secundum,  930 
spurium  of  auricles,  931 
of  tongue^  1006 
trans versum,  926,  1 122  "         - 

of  semicircular  canals,  764 
tubaB,  117 
of'uterus,  1192 
of  vagina,  1195 
-.    ventnciilorum,  789,  791,  929,-947    . 
Serial  homology,  3 
of  vertebrae,  94 
Serous  glands,  1008 

Serratus  magnus  muscle,  325,  326,  426,  1255 
posticus  inferior  muscle^  392,  .398,.  426-       — 
superior  muscle,  392,  398,  426 
Sesamoid    bones,    214,    253,    288,    314,    345, 
362 
cartilages  of  larynx,  960 
of  nose,  .717 
-Sexual  eminence,  1200,  1206 
Sheath,  axillary,  828 
carotid,  400,  802 
crural,  359 
dentinal,  1024 
digital,  of  fingers,  338,  1301,  1302 

of  toes,  378 
femoral,  358,  427, 859 
medullary,  444,  465 
mitochondrial,  15 
primitive,  444 
of  prostate,  1279 
of  rectus  muscle,  428,  430,  432 
8>Tiovial,  at  wrist,  337,  338,  1301 
Shin,  233 
Short  bones,  70 
Shoulder-blade,  186 
fasciae  of,  327 
girdle,  189,  264 

movements  of^  326,  416 
joint,  276 


Shoulder-joint,  bursae  con 
joint,  movements  at,  27 

nerves  of,  625,  632 
muscles  of,  327 

surgical  anatomy  of,  ; 
Shrapnell,  membrane  of,  1 
Sigmoid  artery,  848,  1075 
cavity,  great,  195,  196 

small,  196 

of  radius,  201 
flexure,  993,  1074,  1084 
mesocolon,  1086 
notch,  145 
veins,  904 
Sinus  arcuatus,  35,  37,  10 
of  Arit,  741 
basilar,  881 
cavernous,  886 
circular,  886 
coronary,  784, 787, 870, 1 
coato-mediastinalis,  988 
epididymidis,  1160 
ethmoidal,  174 
frontal,  106,  107,  129, 

1235 
great,  of  aorta,  797 

oblique,  of  pericardiii 

transverse,  of  perican 

_-  inferior,  of  aitri^%^^2- 

-  interci^ernOsus,  8S&   - 

lactifera,  1208  - 

larynceal^  967     _   _   .. 

lateral,  599,  886,  944,  9 

1235 
longitudinal,  great,  599 
inferior,  599,  .884,  954 

superior,  884,  1229 
of  Maier,  740 
maxillary,  131,  133,  13^ 
174,  176 

surgical  anatomy  of, 
occipital,  886,  954 
of  j)alate  bone,  174 
]>arasinoidal,  1229 
petrosal,  inferior,  876^  i 

superior,  599,  886 
phrenico-costalis,  986 
l>ocularis,  1164,  1205 
of  portal  vein,  903 
pyriformis,  965,  1036 
-  recialea,  1^5    -  - 
renal,  1130,  1137 
rliomboidal,  22 
si)henoidal,  122,  124,  1: 

174 
spheno-parietal,  886,  91 
squamo-petrosal,  954 
straight,  599,  885 
superior,  of  utricle,  762 
tarsi,  243 

tonsillaris,  1034,  1035, 
ti-ansversus,  886 
tympani,  752 
utricularis,  763 
of  Valsalva,  797 
venosus,  927,  929,  930 
Sinuses,  lymph,  906 

venous,  of  cranium,  88 
Skein,  chromatin,  10 
SkeU^t^l  jaiiBcleH,  316 
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Skeleton,  axial,  69,  70,  183 

development  of,  24,  35,  36,  40,  41,  47 
splanchnic,  69 
Skin,  772 
appendages  of,  775 
corium  of,  773 
development  of,  778 
of  embryo,  68 
epidermis  of,  773,  778 
papillae  of,  773 
pigment  of,  774 
retinacula  of,  772 
tactile  corpuscles  of,  774,  775 

discs  of,  774 
Skull,  103.     See  also  Cranium,  Face 
ace  differences  in,  177 
akrocephalic,  179 
bones  of,  103 
brachycepbalic,  178 
brachyfacial,  179 
brachyuranic,  189 
breadth  of,  179 
capacity  of,  177,  178 
chamjBcephalic,  179 
chordal,  181 
consolidation  of,  188 
coronal  sections  of,  175 
cryptozygous,  160,  179 
dermic,  182 
development  of,  181 
dolicho-cephalic,  178 
dolicho-facial,  179 
dolicho-uranic,  180 
fixed  points  of,  178 
height  of,  172,  177,  179 
hypsicephalic,  179 
indices  of,  178,  179,  180,  181 
interior  of,  167 
length  of,  171,  179 
leptorhine,  180 
ligaments  of,  266,  267 
macrodont,  1029 
measurements  of,  178 
magacephalic,  178 
me^adont,  181 
megaseme,  180 
mesaticephalic,  178 
mesial  sagittal  section  of,  171 
mesocephalic,  178 
me^odont,  181,  1029 
mesognathous,  180 
mesorhine,  180 
mesoseme,  180 
mesuranic,  180 
metopic,  106,  160 
metnocephalic,  179 
microcepnalic,  178 
microdont,  181,  1029 
microseme,  180 
morphology  of,  181 
nerve  foramina  of,  184 
norma  basalis  of,  160 

frontalis  of,  148 

lateralis  of,  152 

occipitalis  of,  159 

verticalis  of,  159 
orthocephalic,  179 
orthognathous,  180 
phajuozygous,  160,  179 
platyrhine,  180 
prechordal,  181 
primordial,  182 


Skull,  prognathous,  180 

in  section,  167 

sexual  differences  in,  177 

surgical  anatomy  of,  1223 

tapeinocephalic,  179 

trabecular  portion  of,  183 

upper  aspect  of  base  of,  167 

vertebral  portion  of,  183 

vertebrate  theory  of,  183 

as  a  whole,  148 
Smegma  embryonum,  779 

praeputii,  1171 
Socia  parotidis,  1011 
Solar  plexus,  712 

Soleiis  muscle,  382,  389,  1309,  1310 
SoUtary  glands,  1062,  1063,  1073,  1075 
Som aesthetic  area,  593 
Somatic  mesoderm,  25,  50 

segmental  art-eries,  938,  939 
Somatopleure,  26 
Somites,  mesodermic,  26,  30,  31,  66 

proto vertebral,  26,  30,  31,  66 
Space  of  Bums,  879 

epidural,  598,  600 

intercostal,  102 

int'erj)eduncular,  475,  478 

interpleural,  977,  982 

mediastinal,  977,  982 

of  Nuel,  767 

retropharyn^l,  1031,  1037 

semilunar,  of  Traul^e,  1271 

subarachnoid,  597,  601,  1227 

cisteniae  of,  602.     See  aUo  Cist4»ma 

communication  with  ventricles,  601 

fluid  of,  601,  603 

ligamenta  denticulata  of,  602,  605 

septum  posticum  of,  602,  606 

spinal,  602 

tral)ecular  tissue  of,  601 

subdural,  597,  600,  1291 
Spaces  of  Fontana,  727 

interglobiUar,  of  dentine,  1024 

lympnatic,  904 
perivascular,  905 
Spatia  anguli  iridis,  727 
Spatium  perichorioidale,  725,  728 
Sperm  cells,  13,  1204 
Spermatic  artery.     See  Artery 

cord,  1160,  1162,  1168,  1265 

fascia,  430 

plexus,  714 

vein,  894,  938,  944,  945,  955,  1280 
Spermatids,  13,  15 
Spermatocyte,  13,  15 

of  first  order,  13,  15 

of  second  order,  13,  15 
Spermatogonia,  13,  15 
Si>ermatozoa,  7,  13,  15,  1061 
Spheno-ethmoidal  recess,  173 
Sphenoid  bone,  103,  122,  149,  151,  152 
160,  167 
archit-ecture  of,  127 
connexions  of,  126 
ossification  of,  127 
variations  in,  127 
Sphenoidal  angle  of  parietal  bone,  108,  1 

crest  of  sphenoid  bone,  124 

fissure,  124,  125,  127,  149,  151,  170 

process  of  palat«,  141,  142,  173 

sinus,    122,    124,    127,    128,    151,    171 
174 

turbinals,  128,  173 
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ine,  124 

Imlar  ligament,  37,  268 

lary  fissure,  125,  131,  136,  149, 

158,  160,  164 

lie  alter V,  813 
2,  159,  173 
12,  699 


al  sinus,  886,  954 

18  fissure,  164,  165 

lous  suture,  157,  160 

ine  canal,  140 

latic  suture,  151 

lion,  9,  10,  11 

extemus,  435,  438,  441,  1095 

1093,  1095 

I 

8,  1058 


of  liver,  1112 
is  of  sphenoid,  124,  156 


.f  frontal  lx)ne,  105,  149 

748 

ry  nerve.     See  Nerves 

,  819,  838,  850,  893 

1,87 

See  also  Vertebral  column 
')2 

oot-zone  of,  609 
ile  of,  anterior,  470,  473 
il,  468,  470,  473 
ina  of,  454,  609 
ms,  461 

idio-lateral,  461,  463 
)r,  461,  463 
,461 

nal  of,  456,  459,  460,  473,  484 
jnlargement  of,  454,  457,   12J>0, 

vesicular   column   of,   464,   468, 

if,  ant^ro-lateral,  455 
[•,  455,  459,  470,  473,  483 
ach  of,  455,  466,  473,  484,  491 
of,  455,  466,  473,  484,  491 
See  Comua,  Cell-columns 

455,  459,  468,  473,  484 
;-cellft  of,  461,  462 

>r,  455,  459,  466,  468,  473,  484 

155,  459 

re  of,  anterior  white,  456,  470, 

'>6 

ior,  456 

pior,  456,  457,  471 
luUaris  of,  452,  458,  459 
456 
%  456,  457,  460,  461,  469,  490, 

456,  457,  460,  461 

>r,  456,  457,  460,  461,  468,  491, 

199 

ent  of,  471 

ileus  of,  464 


Spinal  cord,  enlargementfi  of,  454,  457,  1289, 
1290 

fasciculus  solitariufl  in,  518 
filum  terminale  of,  452,  459 
fissures  of,  454 
antero-median,  455,  460,  473 
postero-median,  455,  460,  473 
formatio  reticularis  of,  457,  460 
funiculus  cuneatus  of,  455,  466,  473 

gracilis  of,  455,  466,  473 
gray  matter  of,  456,  457,  460,  461 
internal  structure  of,  456 
intersegmental  association  fibres  of,  468, 470 
length  of,  462 

ligamenta  denticulata  of,  453,  602 
longitudinal  commissural  fibres  of,  468, 470 
lower  limit  of,  in  child,  1290 
lumbar  enlargement  of,  454,  457,  1290 
marginal  tract  of  Lo wen  thai  of,  521 
membranes  of,  453,  597,  599,  601,  605 
nerve-cells  of,  445,  461 
nerve-fibres  of,  444,  465,  466,  468 
neuroglia  of,  461,  465 
origin  of  ner\''e8  from,  443,  453,  455,  515, 

516,  608 
posterior  paramedian  sulcus  of,  455,  460 
postero-lateral  sulcus  of,  455 
regional  differences  in,  457,  460 
regions  of,  454 
relation  to  vertebrae,  452 
segments  of,  454 
sensory  and  motor  distribution  of  various 

segments  of,  1291 
septa  of,  453,  455,  459,  460,  465,  473 
substantia  gelatinosa  of,  456,  457,  461,  468 

525 
sidci  of,  454 

surgical  anatomy  of,  1290 
theca  of,  453 
tracts  of,  465 

of  Burdach,  466,  473.     See  al^m  supra ^ 

Column  of  Buitlach 
comma,  466 

descending  septo-marginal,  468 
direct  cerelndlar,  464,  468,  473 
of  Goll,  466, 473.     See  a  ho  snpm^  Col  umn 

ofGoU 
of  Gowers,  468,  473 
of  Lissauer,  468 

pyramidal  cross<^d,  468,  469,  473 
direct,  470,  473 
trigeminal  root-fibr<?s  in,  526 
veins  of,  888 

white  matter  of,  459,  460,  465 
foramen,  75,  76,  77,  80,  82 
ganglia,  443,  608,  661 
nerves.     See  Nerves 
venous  plexus,  anterior,  887 
l>08terior,  887 
Spinalis  dorsi  muscle,  395 
Spindle,  achromatic,  10,  13 
Spine.     See  Vertebral  column 
alar,  of  sphenoid  bone,  124,  156,  157,  160, 

167 
ethmoidal,  123 
penial,  144 

iliac  anterior  inferior,  214 
superior,  214,  223 
posterior  inferior,  215,  223 
superior,  214,  223,  1302,  1305 
ischial,  217,  222,  1303 
mental,  144 
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spine,  nasal,  of  frontal  bone,  104 
anterior,  131,  134,  152,  1237 
posterior,  141,  162 

palatine,  141 

peroneal,  244,  245 

pubic,  218,  223,  1306 

of  scapula,  186,  187 

sphenoidal,  124 

supra-meatal,  1230,  1233 

of  tibia,  231,  232 
Spino-glenoid  ligament,  275 
Spino-thalamic  tract,  468,  494 
Spinous  processes  of  vertebrae,  76,  77,  79,  80,  82, 
83,  84,  87,  88,  94,  1284 
relation  of  important  structures  to,  1289 
Spiral  fasciculi  of  cochlear  nerve,  768 

g?inglion,  768 

line  of  femur,  225,  227 

tubules,  1139 
Spirem,  10 
Splanclmic  ganglion,  710 

mesoderm,  25,  50 

nerve,  710 

segmental  arteries,  939,  942 

skeleton,  69 
Splanchnology,  3 
Splanchnopleure,  26 
Spleen,  1210 

accessory,  1212 

development  of,  1213 

hilum  of,  1211 

Malpighian  corpuscles  of,  1213 

nerves  of,  1212 

notches  and  fissures,  1212 

peritoneal  relations  of,  1212 

pulp  of,  1213 

structure  of,  1213 

surgical  anatomy  of,  1288 

sustentaculum  of,  1083 

trabecuLne  of,  1213 
Splenial  centre  of  inferior  maxilla,  146 
Splenic  artery,  844,  942,  949,  1212,  1213 

flexure   of    colon,    1074,    1083,    1274,    1288, 
1290 

lymphatic  glands,  918 

plexus,  713 

vein,  901,  904,  1213 
Splenium  of  corpus  callosum,  571 
Splenius  capitis  muscle,  392,  398 

colli  muscle,  392,  398 
Spongioblasts,  22,  471,  661,  732,  742 
Spongioplasm,  8 
Spongy  none,  139 
Spot,  germinal,  10,  11 
Spur  of  malleus,  755 
Squama  occipitalis,  109 
Squamo-petrosal  siniu?,  944,  954 
Squamosal  bone,  181 
Squamoso-mastoid  suture,  114,  115 
Squamous  suture,  153 
Stalk,  allantoic,  51,  65 

body,  33,  50,  65 

optic,  478,  698,  703,  741,  742 

of  thalamic  radiation,  545 
Stapedial  artery,  757 
Stapedius  muscle,  757 
Stapes,  756,  1232 

annular  ligament  of,  752 

development  of,  757 

ligaments  of,  757 

movements  of,  758 
Stellate  ligament,  269 


Stenson,  canals  of,  998 

duct  of,  995,  1011 

foramen  of,  134,  135,  162 
Stephanion,  154,  160,  179 
Sternal  angle,  95 

articulations,  272 

bar,  91 

furrow,  1253 

line  of  pleural  reflexion,  979,  980 

lines,  1253 

lymphatic  glands,  924 

nerve,  617,  619,  622 

veins,  874 
Stemalis  muscle^  3^4 
Stemebrse,  96 
Stemo-clavicular  joint,  273,  275 

movements  at,  326 
Stemo-clavicularis  muscle,  325 
Stemo-cleido-mastoid  muscle,  410,  41( 
Stemo-hyoid  muscle,  411,  415,  416 
Stemo-mastoid  artery,  of  occipital,  80 

of  superior  thyroid,  806 
Stemo-mastoid  muscle,  411,  416,  426, 
Stemo-pericardial  ligaments,  793 
Stemo-thyroid  muscle,  412,  415,  416 
Sternum,  94,  1255 

architecture  of,  96 

movements  of,  272 

ossification  of,  96 

variations  in,  97 
Stigmata  of  capillaries,  780 
StiUing,  canal  of,  736 
Stomach,  993,  1050 

areas  gastricae  of,  1059 

arteries  of,  1060 

bed,  1053 

capacity  of,  1063 

cardiac  orifice  of,  1051, 1055, 1271, 1 
portion  of,  1050,  1052,  1055 

of  chad,  1057 

curvatures  of,  1051,  1052,  1055 

development  of,  1105 

in  female,  1057 

form  of,  1051,  1052 

foveolae  of,  1059 

fundus  of,  1051,  1052,  1055,  1271,  1: 

gastro-phrenic  ligament  of,  1057 

gknds  of,  1059 

Cat  curvature  of,  1271,  1290 
ir-glass,  1068 

lesser  curvat4ire  of,  1271,  1288,  1290 

lymphatics  of,  918,  1060 

mucous  membrane  of,  1059 

muscular  coat  of,  1058 

peritoneal  relations  of,  1057 

pit  of,  96,  102 

plicae  villosae  of,  1059 

position  of,  1051,  1052 

pyloric  antrum  of,  1051,  1052,  1055 
canal  of,  1052,  1065 
ligaments  of,  1058 
orifice  of,  1051,  1056,  1271 
portion  of,  1051,  1052,  1055,  1288 
sphincter  of,  1056,  1058 
valve  of,  1066 

relations  of,  1063 

rugae  of,  1069 

serous  coat  of,  1068 

size  of,  1053 

structure  of,  1058 

submucous  coat  of,  1059 

surfaces  of,  1051,  1064 
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surgical  anatomy  of,  1271,  1286 
6(1  area  of,  1057 
,  1060 
)e(i,  1053 
chamber,  1053 
f  capillaries,  780 
L^in,  34,  38,  66,  1105 
iiiiis,  885 
Is,  465 

•acillaris  retiuae,  732,  734 
n>534 
um,  57,  58 
I,  773 
ioii,  774 
Losiim,  774 
itiviim,  773 
centrale,  533 
varv,  496 
i,  534 
I,  774 

til,  773,  774 
,  534,  732 

:i  retinai,  731,  732,  734 
mm,  57,  58 
534,  544,  552,  585 
imilive,  19,  21,  65 
iillaris,  544,  548 
an,  585 
•is,  765 

ticie,  488,  497,  521 
linales,  569,  571,  573 
lis,  1024 
series,  817 
S2 

Seiiseii,  767 
cularis  muscle,  746 
ocess  of  fibula,  236 
ins,  201,  202,  1298 
iporal  bone,  116,  117,  121,  156, 
65,  167 

elopment  of,  37 
Df  metacarpal  bone,  211,  212 
a,  197,  1298 

siis  muscle,  414,  415,  416 
s,  37,  121,  148 
d  ligament,  37,  148,  269 
413,  415,  416,  442 
(libular  ligament,  269,  401,  1010 
loid  artery,  808 
,  118,  120,  165,  167 
yngeiis  muscle,  417,  419,  442 
al  bursa,  278 
us  muscle,  336 
oid  fluid,  601,  603 
See  Space 
i  fossa,  119,  122 
1  gyrus,  571,  573,  597 
I  artery.     See  Arterv 
100 
9 
ic  trunk,  908 

ro8 

7,  936,  938,  944,  946,  955,  1252 
I  muscle,  324,  326 
d  centre,  189,  254 
mgle,  102 

)9,  100 

422,  426 

)47 

}  muscle,  362 


157, 


Subdeltoid  bursa,  278 
Subdural  space,  597,  600,  1291 
Sublingual  arterv,  805 

gland,  805,  1012,  1244 
development  of,  1013 

region,  997 
Submalleolar  apophysis,  245 
Submaxillary  arterv,  806 

ganglion,  685,  68t,  707 

gland,  995,  1011,  1249 
development  of,  1013 
duct  of,  997,  1012 

lymphatic  glands,  911,  1250 
Submental  artery,  806 

triangle,  1218* 
Subnasal  point,  178 
Suboccipital  nerve,  611,  614 

triangle,  397 
Subpleural  plexus,  825 
Subpubic  ligament,  292 
Subscapular  artery,  825,  829 

bursa,  278 

fossa,  189 

lymphatic  glands,  914 

nerve.     See  Nerve 
Subscapularis  muscle,  330,  331 

minor,  331 
Substantia  adamantina,  1023 

ebumea,  1024 

ferruginea,  488,  504 

gelatinosa,  456,  461,  468,  485,  490,  491,  502, 
526,  528 

niffra,  533,  546,  581 
Subthalamic  tegmental  region,  542,  546 
Suctorial  i)ad,  399,  404,  997 
Sulcus  or  Sulci.     See  also  Groove 

alar,  717 

alveolo-glossal,  1244 

antihelicis  transvcrsus,  745 

auris  anterior,  744 

basilar,  of  pons,  486 

calcanei,  243 

callosal,  568 

caroticus  of  sphenoid,  123 

centralis  cerebri,  558 
insuUe,  568 

of  cerebellum,  506,  529 

ctjrebral,  554 
development  of,  596 

circularis  Reilii,  550,  567 

of  cord,  454,  455,  460 

coronarius,  783 

costalis,  99 

cruris  helicis,  745 

diagonalis,  560,  561 

ethmoidalis,  137 

fimbrio-dentate,  569 

frontal,  105 

of  frontal  lobe,  560,  1225 

fron  to-marginal  is,  560,  561 

horizontalis  of  (vn^lndluni,  506 

intraparietalis,  563 

lachrymalis,  132,  138,  151 

lateral,  of  skull,  108 

lateralis  mesiMic4'])hali,  533 

limiting,  of  Reil,  556 

longitudinalis,  of  hwirt,  784 

lunatus  occi])italis,  567 

malleolaris,  234,  238,  748 

of  Monro,  551,  594 

occipitalis  lat«^ralis,  564,  566 
transversus,  563,  564,  566 
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Sulcus  or  Sulci,  occipito-temporal,  566,  567 
oculo-motorius,  43i3 
oculo-nasal,  39 
olfactoiy,  562 
orbital,  562 

parallel,  567,  1224,  1225 
paramedialis,  560,  561 
of  parietal  lobe,  563 
peronsei,  247 

post-central,  563,  564,  1225 
post-limbic,  563 
precentral,  560,  561,  564,  1225 
primarius,  530 
pt^ryffo-palatine,  126,  143 
rostrades,  561 
sagittalis,  108,  110 
scleiie,  724 
spiralis  extemus  cochlea?,  765 

iiitenius  cochlear,  765 
subclavius  of  lung,  985,  987 
tali,  240 
temporal,  667 
terminalis  of  heart,  786,  787,  932 

of  tongue,  1000,  1014 
transversus  of  occipital  bone,  110 
tubae  auditivae,  124,  164,  166,  753 
tympanicus,  748,  750 
valleculfe,  506,  607 
Superciliary  ridge,  104,  148,  177,  1237 
Superficial  volar  artery,  832 
Supination,  movement  of,  283,  354 
Su})inator  radii  brevis  muscle,  351,  364 
Supracallosal  gyrus,  569,  671 
Supraclavicular  nerves,  624 
Suprahyoid  artery,  806 

lymphatic  glands,  911,  1218 
muscles,  412,  415 
Supramandibular  nerve,  688 
Supramarginal  gyrus,  663,  564,  1224 

triangle,  1225 
Supramastoid  crest,  114,  164 
Suprameatal  spine,  1230,  1233 

triangle,  156 
Supranasal  bone,  106 
Supraoccipital  bone,  113,  181 
Supraorbital  artery,  816,  1224 
foramen,  104,  148 
margin,  103,  104,  148,  1237 
nerve,  679 

not<;h,  104,  148,  1224 
ridge,  104 
vein,  879 
Suprarenal  artery,  842,  942 
capsule,  1213,  1286,  1290 
development  of,  715,  1216 
in  foetus,  1215 
nerves  of,  1215 
structure  of,  1215 
vessels  of,  1215 
impression  of  liver,  1111 
plexus,  713 

vein,  893,  938,  944,  945,  955 
Supniscapular  artery,  825 
ligament,  275 
nerve.     See  Nerve 
notcli,  186,  188 
region,  1284 
vein,  879 
Su|)ra.scleral  lymphatic  space,  726 
Supraspinatus  muscle,  329,  331 
Supraspinous  art^iry,  825 
lossa,  187 


Supraspinous  ligament,  264 
Suprasternal  arterj',  825 
notch,  96 
region,  1263 
Supratonsillar  fossa,  1034,  1035,  103< 
Supratrochlear  foramen,  194 
lymphatic  glands,  914 
nerve,  679 
Sural  arteries,  863,  864 

nerve,  650,  657 
Surface  and  surgical  anatomy,  1222 
of  alidomen,  1264 
of  abdominal  wall,  1264 
of  abdominal  cavity,  1267 
of  ankle,  1310 
of  arm,  1295 
of  axilla,  1293 
of  back,  1284 
of  buttock,  1302 
of  cranium,  1222 
of  car,  1229 
of  elbow,  1296 
of  face,  1236 
of  female  pelvis,  1282 
of  foot,  1310 
of  forearm,  1298 
of  head,  1222 
of  heart,  1262 
of  hand,  1298 
of  knee,  1307 
of  leg,  1308 
of  lungs,  1255 
of  neck,  1246 
of  perineum,  1277 
of  popliteal  space,  1305 
of  shoulder,  1291 
of  thigh,  1303,  1306 
of  thorax,  1253 
Surgical  neck  of  humerus,  191 
Suspensory  ligament  of  clitoris,  1197 
of  lens,  736 
of  ovary,  1183 
of  penis,  1172 
muscle  of  duodenum,  1070 
Sustentacular  cells,  13 
Sustentaculum  lien  is,  1083 
tali,  244,  245,  248,  1311 
Sutura  dentata,  256 
harmonia,  256 
limboea,  256 
notha,  256 
serrata,  256 

spheno-zygomatica,  161 
squamosa,  256 
vera,  256 

zygomatico-maxiUaris,  149,  162,  166 
zygomatico-frontalis,  149 
Sutural  bones,  131 
Suture,  255,  256,  260 
coronal,  108,  163,  160,  177 
frontal,  148 

fron  to-malar,  149,  1224 
fron  to-maxillary,  148,  149 
fronto-squamosal,  119,  131 
intermaxillary,  133,  162 
intemasal,  138 
lambdoid,    108,    111,    164,    159,    leC 

1225 
malo-maxillary,  149 
metopic,  106 
naso- frontal,  148 
occipito-mastoid,  154,  166 
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•bi to-maxillary  frontal,  130 

3,  middle,  162 

verse,  162 

mastoid,  164 

l^uamosal,  114,  115,  120,  1233 

illary,  135 

,  108,  159,  160,  177 

-parietal,  153 

squamous,  157,  160 

so-mastoid,  114,  115 

>us,  153 

ag,  movements  in,  419 

.nds,  778 

opment  of,  779 

1  of,  778 

erulus  of,  778 

e  of,  778 

iqueduct,  476,  478,  481,  531,  533,  542, 

1 

553,  555,  556,  557,  562,  1224,  1225 

56,596 

125 

')55,  1224,  1225 

32 

etic  system,  443,  703 
cal,  706,  715,  1251 

lissural  cords  of,  703,  705,  706,  710, 
I 

lopment  of,  715 
ions  of,  704 

Lia  of,  704.     See  aUo  Ganglia 
liated  cords   of,  704,  705,   709,   710, 
1 

ral  structure  of,  704 
lar,  710 

►hology  of,  716 

i-fibres  of,  704.     See  also  Nerve-fibres 
ises  of,  712 

communicantes  of,  704,  705.     See  also 
.mi 
1,711 
icic,  708 
is  of  jaw,  143 
218,  221,  222,  223,  292 
osis,  255,  257 
Irosis,  255,  256,  260 
«ntral,  91 
256,  260 

bui-sie.     See  Bursa 
s,  258,  281,  295 

anes,  257,  258,  260,  278, 281,  282,  284, 
288,  295,  302,  307,  312 
\  at  wrist,  337,  338 
ic  anatomy,  3 
circulation,  783,  870 

relations   of  structures   to  vertebral 
1289 

»rpuscles,  774,  775 
74 

li,  1061,  1074,  1087 
;,  572 
impi,  572 
548 

cularis,  644,  574,  576,  682 
i,  644,  647,  594 
36 
,  49,  33 

mesil  joint,  303,  316 
ineo-u&vicuhM'r  joint,  309 


Talo-fibular  li^mente,  307 
Talo-scaphoid  joint,  309,  316,  1312 
Talo-tibial  ligaments,  307 
Talus,  239 

Tangential  fibres  of  cortex,  585 
Tapeinocephalic  skulls,  179 
Tapetum,  671,  576,  588,  591 

cellulosum,  729 

of  chorioid,  729 

fibrosum,  729 
Tarsal  arches,  740 

artery,  869 

cartilages,  1239 

glands,  739 

ligaments  of  eyelid,  739,  741 
Tarsale,  os,  263 

Tarso-metatarsal  joints,  313,  1311 
Tarsus,  239,  248 

architecture  of,  248 

of  eyelid,  738 

ossification  of,  249 

transverse  articidation  of,  311 

variations  in,  249 
Taste  buds,  770,  1004 

nerves  of,  771 

organs,  770 
Tectorial  membrane,  766,  767 
Teeth,  995,  1014,  1242 

alveoli  of,  1016,  1027,  1028 

apical  foramen  of,  1015 

arrangement  of,  in  jaws,  1021 

auditory,  766 

basal  ridge  of,  1017 

bicuspid,  1015,  1018 

canine,  1015,  1017,  1023 

cementum  of,  1014,  1023,  1026,  1027 

cingulum  of,  1017 

contact  surface  of,  1016 

crown  of,  1016 

cusps  of,  1016,  1017,  1021 

deciduous,  1015,  1022,  1027 

dental  index  of,  1029 
lamina  of,  1026 

dentine  of,  1014,  1023,  1024, 1026, 1026,  1028 

dermal,  1026 

development  of,  1025 

enamel  of,  1014,  1023,  1025,  1026,  1028 
organs  of,  1026 

eruption  of,  1022,  1026,  1027,  1028 

eye,  1017 

fangs  of,  1015 

follicles  of,  1027,  1028 

germs  of,  1027 

grinding  surfaces  of,  1016 

gubeniaculum  of,  1028 

incisor,  1015,  1017,  1022 

lingual  cusp  of,  1017 

milk,  1014,  1015,  1022,  1027,  1242 

molar,  1015,  1019,  1022,  1027 

morphology  of,  1029 

multicuspidate,  1019 

Nasmyth's  membrane  of,  1024 

nerves  of.     See  Nerves,  dental,  incisor 

Ijapilla  of,  1025,  1026 

permanent,  1014,  1015,  1016,  1027,  1242 

premolar,  1015,  1018 

pulp  of,  1016,  1023,  1026,  1027 
cavity  of,  1016,  1027 

relative  sizes  of,  180 

reserve  germs  of,  1027 

root  membmue  of,  1016,  1025,  1027 

roots  of,  1015, 1016,  1027, 1242 
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Teeth,  structure  of,  1015,  1023  I 

tartar  of,  1016  | 

temporary,  1014,  1022,  1027  | 

tubercles  of,  1015 

variations,  1022  | 

wisdom,  1015,  1019  | 

Tegmen  tympani,  119,  170,  749,  752,  1232  1 

Tegmental  region,  subthalamic,  542,  546 
Tegmentum,  532,  635,  542,  546,  550 
Tela  choroidea,  604 

subserosa,  1045  | 

Telencephalon,  478,  481,  553,  594  . 

Telolecithal  ova,  11 

Telophase,  10  ! 

Temporal  area,  125  I 

artery.     See  Arteiy  ' 

bone,  103,  114,  152,  155,  162  , 

architecture  of,  119  | 

connexions  of,  119  i 

mastoid  antrum  of,  752.     See  also  Antrum    I 
ossification  of,  120 
petromastoid  part  of,  114,  116,  120,  162, 

169,  170  I 

squamous  part  of,  114,  120,  121,  161,  162,   . 

169 
tympanic  part  of,  114,  116,  120,  162  I 

variations  in,  120  i 

canal,  137,  155  | 

crest,  104,  107,  154,  1224,  1237 

fascia,  400  ■ 

fossa,  107,  155 

gyri.     See  Gyrus 

line,  104,  107,  148,  154,  155 

lobe,  567,  588,  1225 

muscle,  408,  410 

nerve.     See  Nen^e 

plane,  107 

process,  136 

ridge,  104,  154,  155 

sulci,  567 

veins,  879,  880 
Temporo-maxillary  arch,  137 

joint,  267,  1230 

vein,  876,  880,  944,  954 
Temporo-pontiiie  tract,  540,  583,  591 
Tendo  Achillis,  382,  1310 
Tendon,  conjoint,  430,  431,  1266  | 

Tenon,  capsule  of,  405,  724 

Tensor  fascite   femoris  muscle,  369,  375,  376,   I 
399,  1303,  1306  ' 

lattje  muscle,  369,  375,  376,  399,  1303,  1306 

palati  muscle,  419,  754,  1246 

tai-si  muscle,  403,  405,  791 

tympani  muscle,  757,  1232 
Tentorium  cerebelli,  475,  599,  1225 
Teres  major  muscle,  330,  331 

minor  muscle,  329,  331 
Testicular  aTtury,  843 
Testes,  1159 

coni  vasculosi  of,  1162,  1204 

descent  of,  1 167 

development  of,  1204 

digital  fossa  of,  1160 

epididymis  of,  1160 

fubemaculum  of,  1168 
ydatids  of,  1160,  1199,  1205 
lobes  of,  1161 
mediastinum  of,  1161 
mesentery  of,  1167 
nerves  of,  1162 
paradidymis  of,  1160,  1199 
processus  vaginalis  of,  1167 


Testes,  rete  of,  1161,  1204 
seminiferous  tubules  of,  1161,  I2 
septula  of,  1161 
structure  of,  1161 
tubuli  recti  of,  1161,  1204 
tunica  albuginea  of,  1161,  1204 
vaginalis  of,  1160,  1167 
vasculosa  of,  1161 
undescended,  1168 
vas  deferens  of,  1159,  1162, 1199 
vasa  efferentia  of,  1162,  1204 
vessels  of,  1162 
Thalamencephalon,  478,  481 
Thalamic  radiation,  543,  645 
Thalamo-cortical  fibres,  591,  593 
Thalamo-striate  fibres,  681,  583 
Thalamus,  optic,  542 

anterior  nucleus,  545 

tubercle  of,  544 
bundle  of  Vicq  d'Azyr  of,  545 
central  nucleus  of,  545 
connexion  of,  with  basal  gangl 
cerebral  cort^ix,  643,  545,  t 
hippocampus,  572 
optic  tract,  545,  652 
development  of,  478,  480,  594 
external  geniculate  body  of,  54 

Corpora  geniculata 
external  medullary  lamina  of, 
fillet  fibres  of,  539 
gray  matter  of,  544 
internal  medullary  lamina  of, 
intimate  structure  of,  544 
lateral  nucleus  of,  545 
mesial  nucleus  of,  545 
nucleus  arena tus  of,  545 
position  and  connexions  of,  4' 

575 
pulvinar  of,  531,  544,  552 
radiation  of,  543,  545 
stratum  zonale  of,  544,  545,  551 
stria  medullaris  of,  544,  548 
surfaces  of,  543,  544,  550 
taenia  of,  544,  547,  694 
Thebesius,  valve  of,  787,  788,  871,  J 
Theca  of  cord,  453 

folliculi,  1185 
Thigh  bone,  224 
Third  ventricle.     See  Ventricle 
Thoracic  arteries,  828,  829 
aorta,  797,  798 

duct,  904,  906,  956,  1040,  1252,  1 
ganglia,  706,  708,  712 
nerves.     See  Nerves 
vertebrae,  75,  80 
Thorax,  101 

aortic  area  of,  1262 
apertures  of,  102 
cavity  of,  976 
in  foetus,  103 
joints  of,  269 
lines  of,  1253 
lymphatics  of,  923 
mediastinum  of,  976 
mitral  area  of,  1262 
muscles  of,  422,  426 
praecordial  area  of,  1262 
pidmonary  area  of,  1262 
regions  of,  1253 
sexual  differences  in,  103 
sternal  furrow  of,  1253 
surgical  anatomy  of,  1253 
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icuspid  area  of,  1262 
102 
lovements  of,  355 
of,  343,  345 
land,  1218 
ment  of,  1220 
e  of,  1220 

-epiglottidean  muscle,  968,  971 
tenoid  ligaments,  963 
968,  969,  97 1 
glottidean  ligament,  964 
970 

ssal  duct,  37,  1014,  1217,  1242 
il,  148 
)id  arch,  36,  37,  442,  702 

me,  962,  1218 

412,  415,  416 

rteries.     See  Artery 

3,  941,  951 

216 

ory,  1217 

opment  of,  1217 

lus  of,  1216,  1217,  1249 

A  lobes  of,  1216,  1217 

3r  of,  1217 

aidal  lobe  of,  1216,  1217 

;ure  of,  1217 

tions  in,  1217 

e,  958,  992 

opment  of,  37,  992 

I,  214,  219 

nts,  1217 

See  Veins 

,  298,  1308 

Jture  of,  234 

ons  of,  234 

gy  of,  253 

ion  of,  235 

ms  in,  234 

eries.     See  Arterv 

tic  gland,  916 

See  Nerves 
3,253 

nticus  muscle,  378,  389,  1312 
I  muscle,  385,  389,  1311,  1312 
ialis  anticus  muscle,  379 
lar  joint,  inferior,  304 
ments  at,  389 
•ior,  304 

it,  interosseous,  305 
verse,  305 

icular  ligament,  307 
tal  sheaths  of,  378 
entfl  of,  390 
)rils  of,  1024,  1028 
!S  of,  1028 
'95,  1000 
jlands  of,  1006 
of,  1006 

•ment  of,  35,  37,  1013 
!  of,  770 
,  1004 

1  caecum  of,  1000,  1014,  1217,  1242 
of,  997,  1005,  1244 
3f,  1006 
duct  of,  1217 
Is  of,  12421 
.tics  of,  1007,  1244 
►id  follicles  of,  1001 
membrane  of,  1001,  1006 
I  of,  414,  415,  442,  701,  1005,  1243 


Tongue,  nerves  of,  1006 

oral  part  of,  1002,  1242 

papillae  of,  770,  1002,  1003 

plicae  fimbriatae  of,  1005 

pharyngeal  part  of,  1001,  1242 

raphe,  1002 

septum  of,  1005 

structure  of,  1005 

sulcus  terminalis  of,  1000,  1014 

surgical  anatomy  of,  1242 

taste-buds  of,  770,  1004 

thyro-glossal  duct  of,  37,  1014,  1217,  1242 

veins  of,  1006 
Tonsillar  arteries,  806,  1006,  1036 

plexus,  698,  1036 
Tonsillitic  ner\'e,  690,  1036 
Tonsils,  995,  1034,  1035,  1244 

cerebellar,  507 

development  of,  1037 

of  Eustachian  tube,  754 

intestinal,  1064 

lingual,  1001,  1242 

lymphatics  of,  1036 

nerves  of,  1036 

pharyn^al,  1033,  1037,  1246 

plica  triangularis  of,  1036 

vessels  of,  1036 
Tooth-band,  1026 
Topographical  anatomy,  4 
Torcular  Herophili,  111,  884 
Touch,  organs  of,  772 
Trabeculae  cameae  cordis,  790 

cranii,  181 
Trachea,  972,  1249,  1289 

bifurcation  of,  1260,  1289 

cartilaginous  rings  of,  973,  975,  991 

development  of,  35,  38,  992 

fibro-elastic  membrane  of,  975 

mucous  glands  of,  975 
membrane  of,  975 

muscle  of,  975 

relations  of,  974 

structure  of,  975 
Tracheal  arteries,  823 
Trachelo-mastoid  muscle,  395,  399 
Tracheotomy,  1249 
Tracts  of  basis-bundlea     See  Basis-bundle 

of  Burdach,  466,  473.     See  also  Spinal  coi^ 

caUosal,  crossed,  546 

central  tegmental  of  pons,  502 

cerebello-olivary,  496,  497,  510 

comma,  466 

of  corpus  trajKizoides,  501 

cortico-pontine,  501,  540,  583,  591 

direct  cerebellar,  464,  468,  473,  484,  4a5,  496, 
510 
sensory,  468 
sensory  cerebellar,  521 

of  fillet.     See  Fillet 

fronto-pontine,  540,  583,  591 

of  Goll,  466,  473.     See  also  Spinal  cord 

of  Gowers,  468,  473,  484,  498,  511 

of  Lissauer,  468 

mai^inal,  of  Lowenthal,  521 

myelinisation  of,  473 

olfactory,  569,  596 
lateral  root  of,  570 
nwjsial  root  of,  570,  573 
structure  of,  587 

optic,  475,  532,  675,  698 
cerebral  connexions  of,  552 
commissural  fibres  of,  552 
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Tracts,  optic,  efiferent  fibres  of,  552 

optic,  lateral  root  of,  632,  662 
mesial  root  of,  632,  662 

posterior    longitudinal.     See    Longitudinal 
bundle 

pyramidal,  691 

in  cerebral  hemispheres,  691 
crossed,  468,  469,  473,  483,  490,  691 
direct,  470,  473,  483,  490,  691 
in  internal  capsule,  683 
in  medulla,  489,  490 
in  pons,  499 

rubro-spinal,  637 

septo-marginal  descending,  468 

spino-thalamic,  468,  494 

temporo-pontine,  683,  691 
Tractus  spiralis  foraminosus,  761,  762 
Tragicus  muscle,  746 
Tragus,  744 

Transpyloric  plane,  1267 
Transversal  is  abdominis  muscle,  431 

cervicis  muscle,  394 

fascia,  1044 
Transvei-se  carpal  articulation,  285 

fissure  of  brain,  604 

humeral  ligament,  277 

intermetacarpal  ligament,  287 

ligament  of  acetabulum,  294 
of  knee,  302 
ti  bio- fibular,  305 

metacarpal  ligaments,  288,  338 

met^tai-sal  ligament,  314,  378 

perineal  ligament,  293 

processes  of  vertebrae,  76,  77,  78,  79,  80,  81, 
82,  83,  86,  87,  88,  94,  167 

tarsal  articiilation,  311 
Trans  versus  pcrinei  superficialis  muscle,  436 

auriculae  muscle,  746 

pcrinei  profundus  muscle,  437 

thoracis  muscle,  422 

vaginae  muscle,  437 
Trapezium,  203,  205,  209,  253,  1299 
Trapezius  muscle,  318,  326,  1285 
Trapezoid  bone,  203,  206,  209,  253 

ligament,  274,  275 

ridge  of  clavicle,  185 
Traube,  semilunar  space  of,  1271 
Triangle  of  auscultation,  319 

digastric,  1249 

epigastric,  1266 

of  Hesselbach,  434,  1266 

of  Petit,  319,  430,  1286 

rectal,  of  perineum,  1277 

submental,  1218 

suboccipital,  397 

supramarginal,  1225 

suprameatal,  156 

urogenital,  1277 
Triangles  of  neck.     See  Neck 
Triangular  fascia,  430 

tibro-cartilage,  282,  283 

ligament  of  perineum,  292,  438 
Triangularis  sterni  muscle,  422,  426 
Triceps  brachii  muscle,  334,  336,  1295 

cruris  muscle,  381 
Tricuspid  area,  1262 

orifice,  787,  789,  1162,  1290 

valve,  789 
Trigeminal  nerve.     See  Nerve 
Trigona  fibrosa,  789 
Trigone,  olfactor}%  670 
Trigonum  acustici,  488 


Trigonum  habenulae,  544,  647,  594 

hvpogloesi,  488,  616,  627 

of  lateral  ventricle,  576 

vagi,  488,  617,  527 

vesicae,  1161,  1203 
Trochanter  major,  226,  1302 

minor,  226,  1302 

tertius,  226,  229 
Trochlea,  193 

of  femur,  228 

of  obliquus  superior  muscle,  406 
tali,  240 
Trochlear  fossa,  106,  149 
nerve,  540,  677 
spine,  106 

surface,  190 
Trolard,  anastomotic  vein  of,  883 
Trciltsch,  recesses  of,  758 
Trunks  of  brachial  plexus,  623,  663 

of  sacral  plexus,  648,  664 
Tubal  artery,  843 
Tube,  Eustachian.     See  Eustachian  ti 

Fallopian.     See  Fallopian  tube 

neural     See  Neural  tube 
Tuber  cinereum,  475,  478,  548,  550,  5! 

ischii,  217 

maxillare,  132,  156 

men  tale,  143 

parietale,  107,  154 

valvulae,  507,  508 

vermis,  607 
Tubera  frontalia,  103 
Tubercle  or  Tubercles,  accessorv,  83 

adductor,  227,  230,  1308 

amygdaloid,  576 

of  astragalus,  241,  243 

of  atlas,  78 

carotid,  1252 

conoid,  of  clavicle,  186 

of  cuboid  bone,  247 

cuneate,  485,  492 

cuneiform,  964 

deltoid,  of  clavicle,  186 

dental,  1015 

dorsal,  of  radius,  1298 

of  epiglottis,  965 

of  femur,  225 

genital,  45,  66 

labial,  996 

of  Lower,  788 

mental,  143 

of  metacarpal  bone,  212,  1299 

obturator,  219 

olfactoiT,  570 

of  OS  calcis,  244 

peroneal,  1311 

pharyngeal,  112,  164,  167 

post-glenoid,  115,  120 

pterygoid,  126,  163 

of  quadratus,  225 

of  rib,  97,  98,  99,  100 

of  Santorini,  964 

scalene,  100 

of  scaphoid  bone,  245,  1298,  1311 

of  thalamus,  544 

of  tibia,  231,  233 

of  transverse  processes  of  vertebr 
83 

vertebral  arterial,  1262 

of  zygoma,  114 
Tubercular  point  of  hip,  1302 

process  ol  vertebra,  94 
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acusticum,  619,  520 

8 

43 

43 

irn,  43 
485 
744,  745 

1013 

loideum,  232 

iin  helicis,  43 

urn,  788 

.12 

.3 

) 

) 

lepatis,  1112 

78 

218 

85,491 

icum,  744 

43 

r  Tuberosities,  bicipital,  200 

J28 

tatarsal,  251 

8,  190,  1292 

>17 

,217,  222,  223,  1302 

,  132,  133,  156 
ir  bone,  245,  249 
113,1127 
S245 

K)ne,  141,  142,  156,  163 
[i,  204,  263 
U,  232,  233,  1308 
>6 

hial,  in  lung,  989 
1024,  1028 
ids,  1007 

iduey,  1139,  1199,  1202 
ium,  1187 
1201 

testis,  1161,  1204 
contorti,  1161,  1204 
^inea,  1161,  1204 
s  cavemosum,  1172 
•a  bulbi,  739 
irum,  739 
arteries,  781 
hatics,  905 
,782 

arteries,  781 
hatics,  906 
,782 

irteries,  781 
hatics,  905 
,782 

testis,  1160,  1167 
oculi,  725,  727 
orti,  766 

phenoidal,  128,  173 
processes  of  ethmoid,  129,  152,  173, 
(9 

pior,  103,  139,  152,  173,  176,  1239 
rior,  133,  142 
',  132,  142 
ntrum,  752 
5,  811,  814 
!,  1233 
.s,  118 
9,748 


Tympanic  cavity,  atriUm  of,  748 
cavity,  blood-vessels  of,  758 

development  of,  43,  44 

membrana  tympani  secundaria  of,  752 

mucous  membrane  of,  758 

muscles  of,  757 

nerves  of,  758 

orifice  of  Eustachian  tube  in,  750 

promontory  of,  752 

pyramid  of,  749 

recessus  ej)itympanicus  of,  748 

sinus  of,  752 

tegmen  of,  749,  752 
groove,  748,  750 
membrane,  43,  750,  1231 

folds  of,  1231 

paracentesis  of,  1232 

triangular  cone  of,  1232 
nerve.     See  Nerve 
ossicles,  754 
plate,  114,  116,  116,  120,  167,  165,  177 

fibrous,  748 
plexus,  689,  707 
ring,  44,  121,  748 
Tympano-hyal,  37,  121 
Tympano-mastoid  fissure,  116 
Tympanum,    119,   748.      See    also    Tympanic 
cavity 
development  of,  43,  44 
walls  of,  749,  750,  1232,  1233 

I   Ulna,  196,  1297,  1298 

architecture  of,  199 
I       connexions  of,  198 

homology  of,  263 

ossification  of,  199 

variations  in,  199 
Ulnar  artery,  834,  934,  943,  952,  1301 

furrow,  198 

nerve.     See  Nerve 

veins,  891,  938,  946 
Ulnare,  os,  263 
Umbilical  arteries,  51,  848,  861,  1098 

cord,  61,  52 

fissure,  1114 

notch,  1114 

orifice,  27 

region,  1047,  1267 

vein,  51,  63,  935 

vesicle,  48 

zone   1047 
Umbilicus,  68,  1264,  1290 
Umbo  membranae  tympanaj,  751 
Unciform  bone,  203,  207,  208,  209,  253,  1299 
Uncinate  process  of  etlimoid,  130 

of  pancreas,  1126,  1128 
Uncus,  668,  584 
Ungual  phalanges,  213,  252 
Ungues,  776 

Urachus,  61,  1098,  1146,  1156,  1203 
Ureter,    1130,    1141,    1276,    1283,   1284,    1286, 
1290 

development  of,  1199,  1202 

in  female,  1143 

orifice  of,  1142,  1151 

pelvic  portion,  1142 

structure  of,  1143 

variations  in,  1 144 
Ureteral  artery,  842 
Urethra,  1130,  1157,  1159 

crista  of,  1168,  1178 

development  of,  1200,  1203,  1206 
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Urethra,  external  orifice  of,  1158,  1170,  1180, 
1196,  1282 

female,  1157,  1282 

fossa  naviciilaris  of,  1180 

glands  of,  1168,  1177,  1180 

internal  orifice  of,  1145,  1146 

lacunae  of,  1158,  1180 

male,  1177,  1278 

membranous,  1177,  1179,  1203,  1278 

prostatic,  1177,  1178,  1203 

septum  of,  120i8 

spongy  portion  of,  1177,  1179,  1203 

structure  of,  1158,  1180 

surgical  anatomy  of,  1278 
Urinary  organs,  1130 
Urogenital  canal,  1200 

cleft,  1195,  1200,  1207 

fissure,  1200 

oi^ns,  development  of,  1198 

space,  1200 

system,  1130 

triangle  of  perineum,  1277 
Uterine  artery,  843,  852,  1192,  1284 

decidua,  53,  54,  56,  57 

plexus,  714 

veins,  896 

venous  plexuses,  896 
Utero-sacral  ligaments,  1101,  1189 
Utero- vesical  fold,  1189 

pouch,  1101,  1189 
Ut«rus,  1182,  1187 

anteflexed,  1190 

ante  verted,  1190 

arbor  vitae  of,  1188,  1191 

broad  ligaments  of,  1101,  1189,  1284 

cavity  of,  1188 

cervical  ganglion  of,  1192 

cervix  of,  1188 

connexions  of,  1189 

development  of,  1199,  1205 

at  different  ages,  1191 

external  os  of,  1188 

fundus  of,  1187,  1284 

glands  of,  1191 

horas  of,  1192 

internal  os  of,  1188 

masculinus,  1179 

in  menstruation,  1192 

nerves  of,  1192 

periodic  changes  in,  1192 

peritoneal  relations  of,  1189 

position  of,  1190 

pregnant,  53,  56,  1192 

relations  of,  1190 

retroverted,  1191 

round  ligament  of,  1190,  1284 

septum  of,  1192 

structure  of,  1191 

surgical  anatomy  of,  1284 

variations  in,  1192 

vessels  of,  1192 
Utricle,  759,  762 

macula  acustitia  of,  762 

recessus  of,  762 

sinus  superior  of,  763 
Utriculus  prostaticus,  1164,  1179,  1199,  1205 
Uvula  of  cerebellum,  507,  508 

of  palate,  999 

vesicic,  1151 

Vagina,  1182,  1192 
bulbs  of,  1283 


Vagina,  carina  urethralis  of,  1 195 
caninculae  of,  1193,  1197 
columns  of,  1195 

development  of,  1199,  1200,  1205 
digital  exploration  of,  1283 
fornix  of,  1193,  1283 
hymen  of,  1193,  1196,  1205 
introitus  of,  1283 
mucous  membrane  of^  1195 
muscular  coat  of,  1195 
nerves  of,  1195 
orifice  of,  1196 
relations  of,  1193 
rugae  of,  1196 
septum  of,  1195 
structure  of,  1195 
variations  in,  1195 
vessels  of,  1195 
vestibule  of,  1196 
Vaginal  artery,  851,  1195 
ligaments,  378 
plexus,  714 
process  of  temporal  bone,  116,  15< 

of  sphenoid  bone,  126,  163 
veins,  896 

venous  plexuses,  896 
Vagus  nerve.     See  Nerve 
VaUecula  of  cerebellum,  506 
of  larynx,  963 
Svlvii,  555 
01  tongue,  1002 
Vallum  of  circumvallate  papillae,  1 

unguis,  775 
Valve  or  Valves,  anal,  1093,  1095 
aortic,  791,  932 
of  Beraud,  741 
I       Eustachian,  787,  788,  892,  932 
I       of  Hasner,  741 
of  Houston,  1093 
ileo-cjecal,  993,  1076,  1077,  1273 
of  Kohlrausch,  1093 
of  Krause,  741 
of  lymphatic  vessels,  905 
pulmonary,  790,  932 
pyloric,  1056 
reotal,  1089,  1093 
of  Thebesius,  787,  788,  871,  932 
tricuspid,  789 
of  veins,  782 

of  Vieussens.  See  Vellum,  medull 
venous,  of  heart,  931 
Valvula  or  Valvulae,  anal,  1093,  10 
conniventes,  1062,  1070,  1073,  10 
fossa  navicularis,  1180 
processus  venniformis,  1080 
Vas  deferens,  1159,  1162,  1280 

ampulla  of,  1164,  1166 

development  of,  1199,  1120,  12 

structure  of,  1166 
prominens,  765 
spirale,  766 
Vasa  aberrantia,  838,  946,  952 

epididymidis,  1162,  1199 
brevia,  904,  1060 
efferentia  testis,  1162,  1199,  1204 
intestini  tenuis,  1073 
vasorum,  783 
Vascular  area,  61 
system,  780 

abnormalities  of,  946 

blood,  780 

development  of,  925 
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Vascular  system,  divisions  of,  783 

lymph,  780,  904 

morphology  of,  938 

primitive,  60 
Vastus  ext^mus  muscle,  361,  375,  1304 
intermedius  muscle,  361 
intemus  muscle,  361,  375,  1308 
Vater,  ampulla  of,  1110 
Veins  or  Vein,  780,  870 
abnormalities  of,  954 
allantoic,  62,  934 
anal,  1096 

anastomotic,  posterior,  883 
anastomotica  magna,  883 
angular,  879 
anonyma,  873 
appendicular,  903 
auricidar  posterior,  878 
axillary,  888,  938,  946,  1292 
azygos  major,  872, 936, 937, 944, 945, 954, 1289 

minor,  inferior,  872,  936,  937,  944, 945,  954 
superior,  872,  936,  944,  945,  954 
basilar,  883 

basilic,  891,  938,  946,  955,  1295,  1296 
of  bone«,  74 
brachio-cephalic,  873 
of  brain,  881 
bronchial,  873,  945,  989 
buccal,  880 
capillary,  780 
cardiac,  anterior,  871 

great,  871 

inferior,  871 

middle,  871 

Hmall,  871 

smallest,  871 
cardinal,  935,  936,  944 
cephalic,  891,  938,  946,  955,  1296 
cerelxjllar,  883 
cerebral,  882 

anterior,  883 

deep,  882 

inferior,  882 

superficial,  882 

superior,  882 
cervical,  deep  anterior,  875 
posterior,  875 

transverse,  879 
clioroid,  882 
circumflex -iliac,  deep,  899 

superficial,  901 
colic,  903,  904 
coronary,  left,  871 

right,  871 

of  stomach,  903,  1060 
of  corpus  striatum,  574,  882 
of  cranium,  880,  883 
cystic,  903 

deep,  of  trunk  and  limbs,  871 
dental,  inferior,  880 

superior,  880 
development  of,  62,  934 
digital,  of  foot,  900,  946 

of  hand,  889 
diploic,  880 

frontal,  881 

occipital,  881 

temporal,  881 
dorsal,  of  clitoris,  897 

of  penis,  897,  1173 

of  tongue,  1006 
elastic  layer  of,  782 


Veins  or  Vein,  emissary,  884,  886 
endothelium  of,  782 
epigastric,  deep,  900 

superficial,  901 

superior,  874 
facial,  anterior,  876,  1237 

common,  876,  1251 

deep,  877 
femoral,  897,  898,  946 

superficial,  900 
of  forearm,  superficial,  890 
frontal,  879 
of  Galen,  604,  882 
gastric,  910,  1060 
gastro-epiploic,  903,  904,  1060 
gluteal,  inferior,  895 

superior,  895 
hajmorrhoidal,  inferior,  896,  1096 

middle,  896,  945,  1096 

superior,  904,  945,  1096 
of  head  and  neck,  875 
of  heart,  787,  788,  793,  871,  945 
hepatic,  892,  935,  945,  955,  1120 

interlobular,  893,  1120 

sublobular,  893,  1121 
hypogastric,  895 
ileo-csecal,  903 
ileo-colic,  903 
iliac,  common,  895,  936,  937,  944,  955,  1 

external,  897,  899,  946 

internal,  895,  936,  937,  944 
ilio-lumbar,  896 
infraorbital,  880 
innominate,  873, 

left,  874,  936,  944 

right,  874,  936 
intercostal,  673,  945 

anterior,  873 

left  superior,  873,  904,  936,  937,  944,  i 

posterior,  873,  875 

right  superior,  873,  945 
interdigital,  of  foot,  900 

of  hand,  890 
interosseous,  of  hand,  890 
interventriciUar,  inferior,  87 1 
intestinal,  903 
jugular,  anterior,  879,  954 

external,  877,  936,  954,  125:i 

internal,  875,  944,  954,  1251 
bulb  of,  876 

IKKsterior  external,  877 

primitive,  935,  936,  937 
of  large  intestine,  1075 
lienal,  904 
lingual,  876 
of  liver,  1120,  1121 
of  lower  limb,  897,  938,  946,  955 
dee]),  897 

sujua-fioial,  897,  900,  938 
lumbar,  894,  937,  945,  955 

ascending,  872,  894 
mammary,  intenial,  874 
marginal,  of  he^rt,  871 
masseteric,  880 
maxillary,  internal,  880,  945 
mtidian,  of  bulb,  883 

of  forearm,  890,  938,  955,  1297 
median -basilic,  891,  1297 
median-cephalic,  890,  955,  1297 
mediastinal,  874 
of  medulla  oblongata,  883 
meningeal,  880,  881 
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Veins  or  Vein,  mesenteric,  inferior,  901,904,945 
mesenteric,  superior,  901,  903,  945 
metacarpal,  dorsal,  890 
of  mid-brain,  883 
morphology  of,  943 
muscle-fibres  of,  782 
musculo-phrenic,  874 
nerves  of,  783 
of  nose,  880 

oblique,  of  Marshall,  786,  871 
obturator,  895 
occipital,  876,  879 
ophthalmic,  inferior,  879 

superior,  879 
•of  orbit,  879, 
ovarian,  894,  944,  955 
palatine,  posterior,  880 
pancreatic,  904 
pharyngeal,  876 
phrenic,  inferior,  893 
pleural,  874 
of  pons  Varolii,  883 
popliteal,  897,  898,  955 
portal,  901,  935,  945,  1120,  1290 

branches  of,  903 

capillaries  of,  902 

sinus  of,  903 
profunda  clitoridis,  897 

penis,  897 
pterygoid,  880 

of  pterygo-maxillary  region,  879 
pterygo-palatine,  880 
pubic,  900 
pudic,  internal,  896 

superficial,  901 
pulmonary,  870,  938,  945,  989,  992 

orifices  of,  784,  788 
pyloric,  903,  945,  1060 
radial,  891,  938,  946,  965 
radicular,  of  bulb,  883 
ranine,  876,  1006,  1244 
of  rectum  and  anus,  1096 
renal,  893,  938,  944,  945,  966 
sacral,  895,  896 
saphena  magna,  900 

parva,  901 
saphenous,  external,  900,  901,  938,  946,  955 

mternal,  900,  938,  946,  956 

long,  900,  1306,  1308,  1310,  1312 

short,  900,  1310,  1312 
of  scalp,  879,  1222 
sciatic,  895 
segmental,  838,  943 
sigmoid,  9k)4 

spermatic,  894,  938,  944,  945,  955,  1280 
spheno-palatine,  880 
spinal,  887 

longitudinal  anterior,  887 
posterior,  887 
of  spinal  cord,  888 
splenic,  901,  904,  1212 
sternal,  874 
of  stomach,  1060 
striate,  inferior,  882 
structure  of,  782 

subclavian,  877,  936,  938,  944,  946,  955,  1252 
superficial,  of  trunk  and  limbs,  870 
supraorbital,  879 

suprarenal,  893,  938,  944,  945,  955 
suprascapular,  879 
Sylvian,  882 
temporal,  deep,  880 


Veins  or  Vein,  temporal,  superficial, 
temporo-maxillary,  876,  880,  944, 
thyroid,  inferior,  876,  945,  1217,  1 
middle,  876,  946,  1217 
superior,  876,  945,  1217,  1218 
of  tonsil,  1036 
tunica,  intima  of,  782 
externa,  782 
media  of,  782 
ulnar,  891,  938,  946 
umbilical,  51,  63,  935 
of  upper  limb,  888,  938,  946,  955 
deep,  688 

superficial,  889,  965 
uterine,  896 
vaginal,  896 
valves  of,  782 
of  vertebrae,  887 
vertebral,  875 

vesical     See  Vesical  plexus 
vessels  of,  782 
Vidian,  880 
visceral,  871,  945 
vitelline,  62,  926,  934 
Velum  interpositum,  560,  604 
medullary,  511 

inferior,  508,  511,  530 
superior,  476,  486,  611,  629 
pendulum  palati,  998 
Vena  or  Venaj,  advehentes,  935 
basis  vertebraj,  887 
cava  inferior,  870, 892, 936, 937, 944 
fossa  of,  1111,  1115 
orifice  of,  784,  787 
superior,  870,  871,  936,  944,  964, 
orifice  of,  784,  787 
comites,  871,  946,  966 
magna  Galeni,  604,  882 
minimae  cordis,  787,  788,  871 
revelientes,  935 
vorticosaj,  725,  728 
Venous  arch,  dorsal,  of  foot,  900,  946 
of  hand,  890 
transverse,  of  foot,  900 
sinuses  of  cranium,  880,  883,  954 
valves  of  heart,  931 
Ventricles,  cerebral,  development  of, 
fifth,  573 
fourth,  475,  487,  1227 

acustic  area  of,  488,  520,  527 
area  postrema,  488 
calamus  scriptorius  of,  488 
choroid  plexuses  of,  512,  529, 
eminentia  tei-es  of,  488,  624,  5 
floor  of,  482,  487,  499,  527 
foramen  of  Majendie  of,  512,  ( 
fovea  inferior  of,  488,  527 

superior  of,  488,  527 
funicular  separans,  488 
lateral  Recesses  of,  487,  512,  60 
ligula  of,  512 

locus  coendeus  of,  488,  627 
obex  of,  512 
plica  choroidea  of,  529 
roof  of,  487,  511,  529 
striie  acusiicje  of,  488,  497,  52 ! 
substantia  lerrugiuea  of,  488 
trigonum  acusiici  of,  488 
hyj)oglo.ssi  of,  488,  516,  527 
vagi  of,  488,  617,  627 
lateral,  476,  573,  1226 

amygdaloid  tubercle  of^  576 
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Teiitricles,  cerebral,  lateral,  body  of,  573,  674 
lateral,  bulb  o^  576 
calcar  avis  of,  576 

choroid  plexus  of,  575,  576,  578,  604 
development  of,  596 
eminentia  collateralis  of,  560,  576,  578 
ependyma  of,  573,  578 
tilubria  of,  576 
floor  of,  574,  576 
i'oramina  of,  573,  594 
hippocampus majorof   S«« Hippocampus 
horns  of,  573,  574,  576,  1224 
nuclei  of,  574,  575,  576,  579,  580 
pars  centralis  of,  574 
shape  of,  573 

tieuia  semicircularis  of,  574,  576,  582 
trigonum  of,  576 
third,  476,  550 
choroid  plexus  of,  604 
floor  of,  550 
foramina  of,  551 

gray  commissure  of,  544,  550,  594 
inlundibulum  of,  548,  551,  595 
recessus  opticus  of,  551,  595 
pinealis  of,  551,  594 
suprapinealis  of,  551 
roof  of,  550,  595 
sulcus  of  Monro  of,  551,  594 
walls  of,  550 
entricles  of  heart,  783,  788 
development  of,  929 
left,  790 
muscle  of,  792 
right,  789 

septum  of,  789,  791,  929,  947 
of  larynx,  967 
of  nose,  719 
of  Vei^a,  572 
entricuias,  1050 
tenuinalis  of  cord,  459 
''erga,  ventricle  of,  572 
Vermiform  appendix,  993,  1074,  1079 
in  animals,  1080 
development  of,  1078 
at  difl'erent  ages,  1080 
lymphoid  nodules  of,  1081 
mesentery  of,  1080,  1105 
position  of,  1079 
structure  of,  1080 
surgical  anatomy  of,  1273 
valve  of,  1080 
vessels  of,  1081 
irnus  of  cerebellum,  506,  507, 
^mix  caseosa,  779 
irtebi-a  or  Vertebrae,  74 
Bnticliual,  88 
circhitecture  of,  89 
cer\'ical,  75,  76 
coccygeal,  75,  86,  94,  221 
conimou  ciiaracters  of,  75 
dorsal,  75,  80 
epiphyses  of,  91 
fahie,  74,  75,  83 
tixed,  74,  75,  83 
fulcralis,  90 
lumbar,  75,  82 
movable,  74,  75,  76 
0M3>itication  of,  91 
pruiiiiuensi,  80 
ptteuvlo-^acral,  94 
rblatiou  of,  to  cord,  452 
to  bpiuai  uerves,  608 


Vertebra  or  Vertebrae,  relation  of  important 
structures  to  spines  of,  1289 
sacral,  75,  83,  93 
serial  homologies  of,  94 
thoracic,  75,  80 
true,  74,  75,  76 
typical,  75 

variations  in,  77,  78,  79,  80,  82,  83,  86,  89 
veins  of,  887 
Vertebral  aponeurosis,  318,  391 
arterial  tubercle,  1252 

artery,  818,  823,  933,  940,  941,  947,  950,  1253 
border  of  scapula,  186 
bow,  90 
Vertebral  column,  74 

articulation  with  cranium,  266 
cartilaginous,  90 
curves  of,  87 
length  of,  89 
ligaments  of,  266 
membranous,  30,  90 
movements  of,  264,  398 
surgical  anatomy  of,  1291 
variations  in,  89 
as  a  whole,  87 
foramen,  75,  76,  77,  80,  82 
formula,  75,  90 
line  of  pleural  reflexion,  980 
plexus,  708 
vein,  875 
Vertebra rte rial  foramen,  77,  78,  79,  80,  04 
Vertebrate  theory  of  skull,  183 
Vertebro-chondral  libs,  97 
Vertebro-sternal  ribs,  97 
Vertical  plate  of  ethmoid,  128,  173 

of  palate  bone,  141,  159 
Verumontanum,  1178 
Vesalius,  foramen  of,  125,  157,  170 
Vesical  arteries.     See  Arteries 
plexus,  714,  1157 

venous  inferior,  896,  945 
superior,  896,  945 
Vesicle,  auditory,  703 
blastodermic,  18,  19,  50 
cerebral,  22,  66,  476,  481 
chorionic,  52 
germinal,  11 
optic,  478,  480,  741 
otic,  769 

1-eces.sus  labyrinthi  of,  769 
umbilical,  48 
Vesicula  seminalis,  1159,  1162,  1164 
development  of,  1199,  1205 
structure  of,  1166 
vessels  of,  1 167 
Vestibular  ganglion,  689,  699 

nerve.     See  Nerve 
Vestibule,  aortic,  791 
aqueduct  of,  119,  759 
of  labyrinth,  759 
aqutnluct  of,  759 
crista  of,  759 
development  of,  769 
fenestra  ovalU  of,  752,  759 
fissura  of,  700 
niacula.  cribiosa  of,  759 
pyramid  of,  759 
reci'.ssiViri  coi:\\\<.'aris  of,  759 
t.lliplicus  ()l\  "59 
*■  759 
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